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EDITORIAL 

One of the many revelations of the war has been 

gmBs apparatus needea }t\ tne 
laboratory. As soon as the situation was realised 
our manufartururs set to work, and with patriotic 
fli‘tt‘iniination took great riska*^ in laying down 
expensive plant, erecting machinery to meet the 
demand of the moment, and to make a serious 
endeavour to retain in our owm gauntry this ex- 
ceedingly important Key Industry. One phase of 
the War has passed now, and the second — the 
oonilict of industry — has begiHt, and it is becom- 
ing increasingly evident that it needs irK>fe than 
the^ money and enterprise of the manufacturers 
to win through. The glass industry called for 
chemists and obtained them, and in many glass- 
houses the ol# ijfaditional mixtures and working 
metho<ls have given place to" standard formulae 
and scientific treatment 

One very serious thing, howeyer, is lacking, and 
that is skilled workmen. The old harms are in- 
sufficient to do the extra work, and unfortunately 
trend' during the last five^and-twenty 
years or so has been such that young labour has 
gone off into diroc'tions needing lesn appltoti^n, 

new -educational conditions call for a new 
method of training, and the fact that the boy of 
to-day is better educated both in mind and body 
than was the yvorking boy ^gf twenty years ago 
should make it possible, w ^a sound method of 
intensive teaching, to pfMuce the necessary 
skilled labour in a very short tfw. 

Much good work ?is being' ^one glass 

industry by the Society of Glass TechnoJogK ithe 
Glass Research Association, and other similsit 
bodies, but we think that the fi|^6 individual effort 
to gain ‘ skilled workmen hxade by one 

of the oldest of our Londcin glafeisiitarks,. of which 
we give an account belc^; : ^ ^ ^ I ? S 

.14 * i ' , - / > f • 


A NEW DEPARTURE IN THE GLASS 
INDUSTRY. 

On Monday last, Mr. J. 'H. Gardineh, 
F.Inst.P., F.C.S., representing Messrs. James 
Powell & Sons (Whitefriars), Ltd., in company 
with Mr. P. Annett, Divisional Organising Officer 
for the Middlesex Educational Council, made a 
visit to Greenhill Drill Hall, and Harrow Weald 
Council Schools, and addressed the boys who, 
having reached the age of 14, were upon the point 
of leaving school. The object was to interest 
the bo-ys in the glass industry, and to suggest to 
them the fine possibilities of good employment in 
the glass works that are now being erected at 
Wealdstone. 

The Directors of the works, realising the serious 
lack of workmen to carry on the glass industry, 
have attacked the problem in a new and bold 
manner. The work carried on by the firm de- 
mands the highest possible skill, for they deal 
exclusively with high-class hand-made glassware, 
The present educational system keeps the boys at 
school until they are of such an age that it is hard 
to persuade them to go through the years of 
training that has hitherto been demanded to prf^ 
duce a skilled . Worker. The firm has, therefore, 
dmde^ . wA^b the assistance of the educational 
auihorlBeA to attempt a system of intensive tra^. 
ing. The scheme, which is due to Mr. Hv 
Gardiner — who was for many years associate 
with the late Sir. W. Gir^jpkes— and whose skill 
glass manufacture mi manipulation is considet*f 
able, is in brief as fallows. ^ 

The boys having told th^ character of 
work and the prospects that it holds 
to leairh ,one of the most important TOdei “ 
country,^ are invited to attend a 
continuation classes during the coming 
s:^llabus' having been arrange^i to gwi 

.systeii»> maa.ipMlki;idti 

'iftlsetossad iJtaMiig;, a»<i 
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physics. After attenditiK the classes a selection 
will be made of the most promising boys, who 
will then pass through a special course of tech- 
nical lectures in glass, its chemistry and proper- 
ties. After this they will be drafted into the 
works, where a special laboratory is being fitted 
up in which they, far a certain number of hours 
a day, will learn the rudiments of the many 
branches of the industry. The remaining portion 
of the day they will be employed in making them 
selves useful in one or other of the many depart- 
ments of the firm. During this time of probation 
and instrultion they will receive a small nominal 
wage, and as soon as, by , their skill and industry, 
they are able to do useful work they will be 
passed into the works proper, and be paid the 
union wages for the duties they are fitted ^ for. 
The speed at which they will learn their business 
will depend upo-n their own efforts aided by all 
the assistance that can be given to them in the 
way of instruction. 


THE FUNDAMENTAL CONSTANTS OF 
NATURE. 

By HAWKSWORTH COI.LINS. 

Ip the atomic weights of two elements be divided 
by their respective specific gravities it is recog- 
nised that the quotients give the relative volumes 
occupied by single atoms of those element.*?. 

If the molecular weight of a pure chemical 
compound be divided by its specific gravity, it is 
recognised that the quotient gives the sum of the 
relative volumes of the atoms which form that 
substance, i.e., 

Mo lecular weight ^ Molecular volume orjn t/. 
Density ~ A 

The molecular refractivity of a pure compound 
is obtained from the formula 

n 

- saa . t/ 

-1“ 2 A «'•* -f 2 

where n is the index of refraction. 

The molecular magnetic rotation (M) of a pure 
compound is given by the formula : — 


where a is the magnetic rotation. 

It is evident that the last two sets o-f constants 
are dependent upon the first set, viz., the molecu- 
lar volumes. 

It has been discovered that the relative volumes 
(when correctly found) of the elements reveal the 
constitution and structure of atoms in a definite 
manner. An example of this was given in the 
Chemical News, July i8, iqio. 

It has also been discovered that the constants 
obtained from the heat of combustion are depen- 
dent in a particular manner upon the relative 
Volumes of the elements. 

Therefore, the Relative Volumes of ike Ele- 
ments are the Fundamental Constants of Nature. 

These constants are invariable only at a con- 
stant temperature, so that it is necessary to choose 
a definite temperature. The ordinary one of 15® 
C. is most Convenient as the great majority of 


experimental data an* given at alauit that tern- 
pciature and at ordinal v atmosplin ic presMiH*. 
Since so much depends upon the relative volumes 
of attuns and molet-ules it is neu'ssaiv to td)tain 
these constants correrth. 

No^me can assert that both Ihukius .uni HiuhTs 
results with regard Allvl htotnule, c.g.. in Mag 
netic Rotation anti Refiattivily lespecttvtdx are 
correct, for thc‘ fat nun empi oved 
Specific gravity at m'* 

r4ioS7 at is'' 

atid the latter rjuHoat io*‘ 

There is a ditVeience td‘ alxnit pet cent, in the 
two cases, and theiefoti' the same percentage* 
difference in tin* lel.itive Viilumes, In othei i uses 
there is frequently a difference in their spet iii< 
graviti*‘s of nlHuit i per cent. 

Many sciimtists M'cm to think that Kopp solved 
the pioI)l(‘m t)f lelatiye volume, and that coheir 
people hav(‘ slightly improved upon it ; so it h 
necessary to go into the matter luue, though as 
shortly as possible. 

Kop}) stmtcMi bv linding the relative volume of 
Cli, at n*' C, to be 15*8. lie then suhtia<t<‘<i six 
times ('Ha from the total volume of hexane and 
found that the remaining two atoms of H togethei 
had a volume of about 30, He thought he had 
come to an absurdity, so he transferred his opera- 
ticnis to the boiling points. 

^ Dr. C'Dluut in his “Organic (‘hemistry/ published 
in^ 1913. says: “The value of ril, can Ire deter- 
mined nv a comparison of dillVient lti»uto|ogou s 
series. The following table gives the constants 
for different classt*s of compound^ the boiling 
p(nnt and also the maximuin idfia minimum vtluen 


observed 

No. ef tntf'ivrtR. M.ix X Miii Mruo 

Alcohols ... ... 8 nry— '22*4 in 

Fatty Acids B 2P6»-a.v4 aa’4 

Aldehydes (aliph.) 4 iO*o«-ii*o itey 

Amines (aliph.) ... 5 20*4—20*6 20*5 

Alkyl iodides ... 10 21*1—34*3 ii'ti 

Paraffins 13 33*7 

Esters ... ... ... 15 21*2—37*7 24*4 

Ethers 13 21*6 — 28* «; 24*3 

Hydrocarbons (arom.) s 2Po— 33*0 33*1 

Olefines 5 20*3—23*1 21*8 


^ It will be seen that there is not only a ctup 
siderable variation in the constants in the 
different s(*rics, but a wide divergence in the 
minima and maxima for the .same series. It 
should, however, be pointed out that as a rule the 
value for CH, increases in ascending the series, 
and the longer the series and the wider th# range 
of boiling points the larger the variation. Tlnuc 
is clearly some missing factor which should he 
introduced to bring the various rimstants into 
uniformity.” 

These, then,^ are the data upon which Kopp 
founded his “discovery” that*— the rtdativi* volume 
ol CHa i.s about 22 at the boiling points of all 
substances containing it And yet Dr. Cohen 
says: “With a delicate balance it is possible Xo 
estimate specific gravities with accuracy to one 
part in r 00,000, and, as this is the principal factor 
involved in the determination of molecular 
volumes, the method experimentally leaves little to 
be desired.” Ho then sums up all the attempts at 
the solution of this prt>bl'em in the following 
words : “As no constant value.s can be attaclmd 
to carbon, hydrogen and oxygen, it seems useless 
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to attempt to derive a molecular volume by the 
summation of atomic volumes.” 

Dr. Cohen continues : “When Kopp’s values for 
(\ D, and O were calculated for compounds of 
the formula Cdl^Oc; it was soon that the mole- 
('uliir volumes did not invariably conform to the 
calculated values and the property was therefore 
not strictly additive.” Then he says *. “Kopp 
showed subsequently that the calculated value 
would correspond with the observed result if 
account were taken of^ the oxygen atom .... 
The value for doubly linked oxygen was found a 
little higher that that for one atom of carbon . . , 
On this new basis the calculated values for forty- 
five different compounds did not vary by more 
than 4 cent.” 
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Now suppose there are two substances-, A and 

B, which arc similar in all respects, except that 
A has 5 methylene groups in its constitution- and 
B 0; and suppose A boils at 130'’ C. and B at 150® 

C. At 120^ the volume of CHa in each substance 
will be the same, and as B rises to its boiling 
point, the volume of each^ CHa is* increasing. 
Therefore the volumes of CHa in the two sub- 
stances are different at their boiling points. 

Therefore it is impossible to compare the 
volumes of substances at their boiling points. 

Exilanaiion of the Gra'ph , , 

The numbers 6-18 at the bottom of the graph 
represent the normal paraffins; stands for 

CaHao, 12 for CiaHafl and so on. The numbers 



Forty-five out of several hyndred, and correct 
within four per cent I If chemists are satisfied 
with this, of course it is no use discussing the 
matter further. 

Fortunately for Kopp, Maxwell and Clausius 
discovered that — at their respective boiling points 
and at atmospheric pressure the molecules of 
various liquids occupy a space very nearly 0*3 
times the total apparent volume. So they decided 
that he was right in taking the various boiling 
points as the stepping-stones from which to make 
his discovery. So it is necessary here to produce 
a proof that it is impossible to compare the rela- 
tive volumes of substances at their boiling points. 

Kopp found that at C. the volume of CHa 
in all substances is i5'8. The correct value is 
i6'2. 

At C. it will be showy later that the volume 
of CHa in hundreds of suh^tdnees is always i6’42. 

At loo*’ C. it is i 6‘97 (see graph)." 

And at any other arbitrary temperature the 
volume is constant, gradually increasing with the 
temperature. 


0-600-0790 written vertically Represent specific 
gravities. , 

The three regular curves represent the graphs 
of the specific gravities of the paraffins at tempera- 
tures 0® C., 15® C., and 100® C. 

If any point be chosen on the curve for 0®, say 
where the specific gravity of CrHu is 0712, and 
if the molecular weight (100) be divided by 07x2, 
the result (140*45) is the relative volume of the’ 
molecule CrHi« at 0® C. . » , 

If another point be taken on the same curve* 
say, where the specific gravity of Ct4Hao is O’^So, 
the relative volume is 253-85. ^ ^ - 

Subtract X40-45 from 253-85 and divide the re- 
sult by 7 because there is a diffierence of 7 thsaels 
CHa in the two molecules, the , quotient 
which is the relative volume of the 
at 0°. Similar results will be obtainef % taking 
any two points on the other two curves. 1 . ' 

Now it is, quite plain from. three 
that the graphs at any other ^ arbitrary 
tures, say, 50®, an^ 200®. would 
curves drawn in similar directions, 
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X 5 ° 

loo'* 

C.H, 


0-0825 


0*689 Warren 

0*695 Bar toll 

0*078 IS®* 5 Schorl r 
0.O985 14® Lacho-wicz 

* 

C,H. 

.. , 0'712 

0*7022 

o*6io 


07085 Warren 

0*7023 14® Lachowicz 

0*6 16 90® Thorpe 

C.H„ 

•• 21727 

0*719 Thorpe 

0*728 Wurtz 

0*7177 

0*719 i 7®‘5 Schorlr 
0*7165 is®*6 Thorpe' 

0*653 

C,H„ 

.. 0*740 

0*7304 


0*733 Krafft 

0*743 Lemoine 

0*731 16® Lemoine 

0*7330 0® Le Bas 

0*654 99*^ Krafft 

Gx.Hsa * . 

2175 1 

0*7408 

0*668 


0*7456 Krafft 

0*764 Lachowicz 

0*7324 20® Lachowicz 
0*753 16® Lemo-ine 

0*669 90® Krafft 

C„Ha. 

•. 0*759 

o ;:^7 

0*682 


0*7560 Krafft 

0*7816 Bartoli 

0*7448 15® Krafft 

0*7581 20® V.N. 

0*68 1 6 99® Krafft 

CxaHa. 

.. 0*767 

£17572 

0*693 

CijHa. 

0*7655 Krafft 

0*7548 15® Krafft 

0*7684 20® V.N. 

0*693 99® KralTt 

•• 0*774 

0*7637 

0*702_ 


0*7716 Krafft 

0*7608 15® Krafft 

o*;mo8 99® Krafft 

CuH,. 

0*780 

0*7694 

0*709 

C„Ha, 

0*775 s® Krafft 

0*7681 15® Krafft 

0*7087 99® Krafft 

■•* 2 :. 7§4 

0*7744 

2714 ^ 


0*776 10° Krafft 
0*7724 15° Krafft 

0*7724 15® Krafft 

0*7136 99® Krafft 

C„H.. 

... 0*788 

0*7788 

0*719 

Ci.Ha. *'* 

' 0*7754 18® Krafft 
0*7707 25® Kxafft 

0*7754 18® Krafft 

0*7707 25® Krafft 

0*7197 99® Krafft 


0*7^8 

0*7764 22®' s Krafft 
0*7714 30® Krafft 


CiaHjg 

... 

0*7863 

0*7768 38® Krafft 

0728^ 

0*7288 99® Krafft 

CiaHae ... 


07805 

' 0*7774 32® Krafft 

0*7720 40® Krafft 

0*732 

0*7323 99® KralTt 




curves of this nature are the only ones which 
' would give constant volumes for CH3. 

But the graph of the specific gravities at the 
boiling points (as shown) does not lie anywhere 
near the general direction of these curves, and 
therefore it is quite evident that the relative 
volume of CH3 at the boiling-points is not any- 
thing like constant. 

The table contains the experimental data, which 
are required for the graph. 

There being no regularity in the relative 
volumes of substances at their various boiling 
points, if absolute regularity can be demonstrated 
to exist at a fixed temperature, of course the quesr 
tion as to which method of procedure is correct 
will be settled. And if this regularity produces 
an independent proof of the Constitution and 
Structure of the Chemical Elements as given in 
previous papers, the matter will be doubly settled ; 
for Ihe relative volumes, as supposed to have been 
obtained from the various boiling points, lead to 
absolutely nothing. 

Agaiu, if this regxzlarity leads, up to the demon- 
strafipn of the Correlation of Physical , Constants, 
such as those mentioned at the commencement of 
tins paper,; of course, the matter will be trebly 
settled. 


A NEW INDICATOR. 

By R. W. KINKEAD, B.Sc, 


MoRBAtJ {Comft. Rend,^ iqoi, cxxxii., 838) studied 
the effect of methyl nitrate on methyl magnesium 
iodide, which resulted in dimethyl-hydroxylamine ; 
and Sand and Singer { Ann ,, 1Q03, cccxxix., iqo) 
state that nitric oxide and alkyl-magnesium bro- 
mides result in nitroso alkyl-hydroxylamine, but;, 
no work appears to have been ^ 

of aromatic grignard reagents on the ONO3 
group* t 

By the action of ethyl nitrate on phenyl mag- 
nesium bromide a deep blue solution was obtained 
which has the properties of an indicator, turning 
pink with acids and blue with alkalies. 

One equivalent of ethyl nitrate CaH^ONOa was 
added gradually to one equivalent of C«H„MgBr, 
cooled in ice. In a few minutes a vigorous re- 
action takes place, with the evolution of heat. 
After standing over night, pieces of ice were 
added and the mixture left for a few hours for the 
magnesium compounds to settle. The etheral 
layer was then separated and the ether evaporated 
off. Solid Na^COa and water were then added, 
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when the mixture turned blue (later work shows 
that the colour is sometimes not developed till 
later). The mixture was then extracted with 
chloroform, ^ when it was found that the blue 
colour remained in the aqueous layer. 

This blue solution, which is obviously the 
sodium salt of the indicator, cannot be kept very 
long except as a very dilute solution. It was 
found that the best way to keep the substance was 
as an ethereal solution of the free indicator, so 
the blue solution was acidified, and the free red 
indicator extracted with ether. 

The presen<:e of chloroform seems necessary for 
the formation of the blue salt; all attempts to ob- 
tain the substance by extraction with ether result- 
ing in compounds of the nitrolic acid type. 

Like phenol phthalein, the substance cannot be 
used as an indicator in the presence of CO3. In 
the absence of CO2, very good results were 
obtained on testing the sensitiveness against 
phenol phthalein. 

An N / 10 solution of HaSO* was titrated with an 
approximately N/io solution of NaOH, using 
phenol phthalein and the new indicator. 

Phenol phthalein : — 

21*45 cc. NaOH solution neutralised 25 cc. 
N/ioH,SO,. 

New indicator : — 

solution neutralised 25 cc. 

The end point with the new indicator is very 
sharp and easy to observe, the last drop of acid or 
alkali making a radical change in colour. Three 
titrations did not differ from each* other by more 
than 0*05 cc. 

The substance is, unfortunately, not very stable, 
losing its colour and indicating properties, on 
keeping. On concentrating a water solution of 
either the free indicator or the sqdium salt, the 
subst^ce also loses its colour and properties. On 
allowing an ethereal solution of the free indicator 
to evaporate, a few drops of a dark red liquid 
were obtained, which soon decomjwsed. 

Both the free indicator and the sodium salt 
are very easily reduced by SO3, but HaOa seems 
to have no effect. 


The depth of the colour indicates that the sub- 
stance is of high molecular weight. JEvidently 
is some fundamental change during the re- 
action, as the ordinary course of a Grignard re- 
action will not give a final substance whici ^shows 
ti^|Ocessary tautonierism to account for the indL 
'oatihg properties, i.e., from theory we would 
expect : — 




» HaO 

, C^HgONv — OMgBr — ^ C 2 ^ 50 ^v — OH 

.’v^ich will not give the quininoid-ben^^enoid 
c^iange of indicators. 

Further work will be carfed outttc^ find the 
constitution. ' , 

J r * 

iSir Uozudd Currie La1>or£utertes,j 
< Queen's 


ON/+CgHsMgBr • 


BRACKEN RHIZOMES AND THEIR 
FOOD VALUE. 

By Prof. JAMES HENDRICK, B.Sc., FJ.C., University of 
Aberdeen. 

(Concluded from vol. cxxi, p. 322.) 


In certain respects bracken rhizomes resemble 
potatoes in composition. In Table 1 . some aver- 
age figures for potatoes are quoted from the 
recently issued Report of the Food (War) Com- 
mittee, Royal Society (Report on the Composition 
O'f Potatoes grown in the United Kingdom. Food 
(War) Committee, Royal Society, 1919). The 
figures for ^^Arran ChieP are given as those of a 
potato of good quality, above the average in dry 
matter and in nitrogen. As compared with the 
potato-tuber, the bracken rhizome contains more 
dry matter, but the dry matter is not quite so high 
in soluble carbohydrates, and is much more 
fibrous. In albuminoids it has already been seen 
that bracken rhizomes vary greatly. Potatoes are 
not so high in this valuable constituent as the 
B samples from Craibstone, but are higher than 
the A samples and than the samples in Table I- 

In the case of the potato the main part of the 
solid matter consists of starch, which forms most 
of what is called ‘^soluble carbohydrates/^ Brac- 
ken rhizomes also contain starch in considerable 
quantity, but, unlike the potato, the larger part 
of the soluble carbohydrates does not consist of 
starch, but of other substances of an undetermined 
nature. 

In order to test whether animals would eat 
bracken rhizomes, and if so whether they would 
thrive upon them, a number of feeding trials were 
made with different classes of stock. It had 
already been reported from various sources that 
pigs will root up and eat bracken rhizomes, and it 
is recorded that these have been^ used in Europe as 
human food in times of scarcity. It is also on 
record that they formed a portion of the food of 
the natives of New Zealand at the time of -the 
discovery of that country by Captain Cook. 
Attempts were made in our experiments to feed 
these rhizomes to pigs, to cattle, and to poultry. 

On account of the many difficulties of the times 
it was almost impossible to arrange accurate feed- 
ing trials in 1918. Many people were suffering 
from lack of food^ stuffs, and were quite ready 
to give any promising new substance a trial, but 
ve^ f^w had the -pecessary time and labo^ur for 
weighing out foods and weighing stock, and other- 
wise giving the attention required for carrying 
out a reliable feeding experiment. ^ 

Some rough trials were first made, and these 
showed that at any rate bracken rhizomes were 
not very palatable to stock. Pigs would not eAt 
them if they were already accustomed to a liberal 
diet, especially of concentrated foods. The:s^ took 
them only when they were in lean condition and, 
generally speaking, breeding stock consumed thto 
more readily than feeding stock. It Was al^ di^; 
covered that pigs ate them mc«re readily 
rhizioanes were given to th^m in the rou^,|^fe, 

‘ just as they were dug f rqgn the soij^ > was at 
first aesuinM if they were chopped, 

^mixed with food, ^ and the anim^ 

'would consume fhe^k^ore readily* This proved 
mi^i^ WroBifif/. whafh#*r mixed ‘wMki rsAiel" 
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foods or not, pigs liked them better uncooked 
and unwashed. 

The rhizomes were also tried in the form of 
meal. A few tons were dried in a malt kiln, after 
which it was ■ found that they could be readily 
ground to mieaL Indeed they could be ground too 
readily, for the workmem who carried out the mill- 
ing raised serious objections to the work on 
account of its excessive dustiness. The meal so 
obtained Was found to have the following compo- 
sitfon : — 


I\Ioisture 

Ether extract (oil, &c.} . . 
^'‘Albuminoids 
Soluble carbohydrates 
. Fibre 

tw^Lsh 


* Containing total nitrogen 

Containing protein nitrogen 
-t Containing siliceous matter 
, (sand, &c) 


Pei cent 
9*81 
2'54 
9*56 

4 i‘20 

20-40 

16-34 

lOO’OO 


1*53 

1*49 

II‘26 


The rhizomes which were dried were dug in 
Msay, when considerable growth of frond had 
already ta.ken place, and they were not therefore 
of $Uch good C9mpositian^as if they had been dug 
a 'month earlier. It^^as found irnpossible, in 
view of the labour conditions then prevailing, to 
have thefn washed. This accounts for the high 
percentage of ash and sand which they contained. 

Some feeding experiments with pigs and poultry 
were earned out with the help of members of the 
stall of the W est of Scotland College of Agricul- 
tuic, and the results are detailed in Bulletin No. 
89 of the College, “Report on Experiments of the 
Feeding Value of Biackeii Rhizomes for Pigs and 
Poultry.'^ PreUminary trials were made at 
Holines Farm,, Kilmarnock, in which it was shown 


Mr. James Picken, Milton, Kircudbright, also 
tiled both the untreated bracken and the meal 
with pigs, but was not in a position to do any 
weighing. lie reported, however, that the pigs 
ate the blacken “with evident relish/^ and that it 
could “well replace other fresh vegetable food 
during the winter and spring months.” Mr. 
Picken also noted that the bracken appeared to 
make the pigs lively, and that those which 
received it took more exercise than the others. 
He remarks : “This is a decided advantage to pigs 
6 wTeks to 4 months old, but oyer that age and 
during the fattening period it might be necessary 
to witlio-ld the roots, as these might unnecessarily 
excite the pigs and thus delay the fattening 
piocess.” 

The evidence, so far as it goes, indicates that 
bracken rhizomes in the fresh state or as meal 
might be of some use as a maintenance food for 
pigs, but are not of much use as a fattening food. 

With poultry the results wmre still less favour- 
able. The experiments weic carried out witli 
bracken meal at the Poultry Department, HcTtpes 
Farm, Kilmarnock, by Miss Agnes Kinross of the 
West of Scotland Agricultural College. The 
birds did not like the bracken meal even when it 
was mixed with a considerable amount of other 
food, and the pen which received a little bracken 
in their food during October and November did 
not lay so well as others which had received no 
bracken meal but an equivalent in other foods. 

, The expel iment indicates that bracken meal is not 
a suitable food for egg-productio-n. 

Bracken meal was tried w|tk cattle at 

Craibstone, the experimenlai' farlA' 

,of Scotland Agiicultural College of Agncutlure. 
The quantity available was not bufficient foi an 
experiment on a, scale large enough to be satisfac- 
tory, as for that purpose 8 or 10 bullocks would 
require to have been fed with the meal for a 
period of several weeks, and the quantity shouUl 
gradually have been raised to several pounds per 
head per day. The quantity available was only 


mat breedinE sqws -would eat considerable quanti- sufficient to enable two bullocks to ^ct ilb. per 
fhl. - n f without any evil effect, but head per day for two months. A comparison lot 

tnat well-fed feeding animals could not readily " .... 

be indyced to eat them. Then, thiough the kind- 
nes^ of the Directors of the Scottish Co-operative 
Wholesale Society, and of Mr. Geo, C. Young, their 
manager, a more accurate test was made on two 
pens of pigs at Calderwood Estate, East Kilbride, 
under the supervision of Mr. James Wyllie, B.Sc., 
of the West of Scotland College. These pigs had 
been somewhat short of food, and as their appe- 
nds were not pampered, they ate their allowance 
of bracken, whether in the form of untreated 
rnizomes or ground into meal, with apparent re- 
iisn But the results of the experiment were un- 
satistactory, as the pen of pigs which got bracken 
in ^ addition to the foods given to the other pen 
showed very ^ little benefit from the extra food, 
i ne pigs which got bracken made a live-weight 
increase of 0771b per head per day over a period 
of 140 days, while those without it made an in- 
per head per day. The small 
increases made all over were due to the poor diet 
0* which the pigs were kept owing to the scarcity 

'"y liKi. 


of two bullocks was similarly fed, but without 
bracken meal. 

Lot I (bracken meal) received daily qslb. tur- 
nips wnth oat straw ad lib.^ and zlb. bruised 
oats, 2lb. cereal offals, and ilb. bracken 
meal. 

Lot 2 received daily the same amount of turnips 
and straw and 2ilb. each of bruised oats 
and cereal offals. / 

Lot 2 therefore received Hb. oats and Hb. cereal 
ollals instead of ilb. bracken meal given to 
Lot I. 

Both animals in Lot i ate the bracken meal with 
evident relish, and they would have taken more 
had we been able to supply it. The increases 
made by the two lots were somewhat similar. In 
56 days the cattle in Lo-t i made an average in- 
crease of 1321b., or 2-4lb. per head per day, while 
those in Lot 2 made an average increase of 1131b., 
or 2*olb. per head per day. The lot which got the 
bracken meal therefore did slightly better than the 
other, but no weight can be attached to this result, 
as the number of animals under experiment was 
too small, and the amount of bracken meal fed 
was only a small proportion of ,the .whole food. 
So far as it goes, however, the experiment shows 
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that feeding bullocks will readily eat a moderate 
amount of bracken meal, and that it appears to 
agree quite well with them. 

It cannot be claimed that the feeding trials 
made with bracken rhizomes are, anything more 
]han preliminary. If the food value of this sub- 
stance is to be tested thoroughly, much larger and 
more exhaustive trials will be necessary, and far 
larger quantities of the rhizomes would require 
to be obtained for the purpose. So far as they go, 
however, the trials indicate, as the analysis also 
docs, that bracken rhizomes are not rich enough 
in the more valuable food constituents, such as 
albuminoids, to be of much use for anything but 
maintenance purposes, and that even for such 
purposes their usefulness is limited by the fact 
that they arc not very palatable to certain classes 
of stock. Fortunately the circumstances which 
gave rise to these experiments have now passed 
away, and there is no longer the same danger of 
acute food scarcity in this country. In clearing 
from the bracken pest land which is good enough 
for cultivation, it may be possible to utilise the 
crop of rhizomes for feeding purposes, and these 
experiments indicate the value of this substance 
as a food and its limitations- They may also be 
of some interest in showing that the best time to 
cut bracken in order to weaken the rhizome is just 
when the frond is fully expanded . — Transactions 
of ike Highland and Agricvltural Society of ScoU 


CHEMICAL NOMEiNCLATURE AND 
PRONUNCIATION. 

By J. NORMAN TAVLOR, 

Washington Preparatory School, Y.M C.A., Wafahington, D. C. 


The attention of educators is frequently called to 
the responsibility of secondary schools in the 
niatter of preparing students for institutions of 
higher learning. Slow progress in college is 
attributed to lack of proper training in the 
students preparatory life and not infrequently, 
failure in later life is ascribed to faults of 
secondary schools, A well-known research direc- 
tor, in writing of the lack of observation among 
chemists, states that **until a conscious effort is 
made in our primary education to meet this re- 
quirement, our advance in science will not be as 
speedy as it should” (Robert E. Rose, “The Edu- 
cation of the Research Chemist'^ : Jour. Ind. and 
Eng, Chpn.j 1920, xii., 048). A piominent educa- 
tor implies this same lack of adequate preparation 
when he says, “And even if a freshman is some- 
what dulled by his previous training, that seems 
scarcely a good reason for going on with the 
dulling process” (C. G. MacArthur : “The Scien- 
tific Teaching of Science” : Science^ new ser., 
IQ20, lii., 350). Not only as regards prepaxation 
in science is deficiency laid at the door of the 
secondary school, but the poor English employed 
by so many college graduates, is' dikewise charged 
to the same source. “A university graduate’s 
inaptitude in the art of writing may be due, how- 
ever, not to faults in his university course;' more 
likely it is due in part to Inefficient methods em- 
ployed in the schools in which he obtained his 


I earlier training in English” (George McLane 
' Wood ; “Suggestions to Authors” : U.S, Geolo- 
gical Survey J iqi 6, p. 52). 

Granting the fact that the lower schools are 
responsible for deficiencies which handicap the 
individual later on, it will be agreed that in 
secondary schools, method is gf ^reat importance. 
If ive are to utilise the scientific method in teach- 
ing science, then it follows that in English- 
speaking countries good English, both with regard 
‘ to spelling and pronunciation, should be used to 
convey our thoughts regarding science. 

Although, perhaps ,not a vital matter, it neverthe- 
less appears to the writer that in teaching chemis- 
try, the nomenclature ‘used in secondary scbools^so 
. far as chemical words and terms are conceped, 
should agree with that employed in the higher 
institutions of learning. Dean Wilbur in speak- 
ing of good use in language, with particular 
reference to national use, says, “There is a law of 
national use that restricts us to those words that 
are in good use throughout the land .... A word 
that is not in good current use throughout the 
land is inefficient Misunderstanding and per- 
plexity and vagueness follow in the track of such 
a word” (William Allen Wilbur, “English 
Rhetoric” : Judd and Detweiler, Inc., Washing- 
ton, 1917, p. 260). In instances where chemical. 

. facts have been conveyed to the preparsatory 
school student through the medium of corrupt 
English, confusion is bound to follow when his 
^ teacher in college uses pure English. And a, 
change from pure English to corrupt forms is 
equally confusing. Certainly, there should not 
be any confusion in this regard and greater uni- 
formity should obtain both as to terminology and 
‘ pronugciation. 

If it is correct to spell the word phosphorous 
with “ph,” why should not the same principle in 
orthography be followed when writing the word 
sulphur? Gbod English would require that the 
names of the members of the halogen group be 
spelled with the final “e,” as “fluorine,” “chlorine,” 
“bromine,” and “iodine,” and that they be pro- 
nounced as they are spelled and not as though 
the termination were “in.” Likewise good Eng- 
lish demands that the names of the chemical com- 
pounds known as the halides be spelled with the. 
final “e” and that they be pronounced as they are 
spelled (consult “Inorganic Nomenclature” in the 
introduction to a “German-English Dictionary for, 
.Chemists,” by Austin M. Patterson, published by 
John Wiley & Sons, Inc., New York, 1917). The, 
.names of analogous compounds should terminate 
in “ide,” as for example : carbide, oxide, sulphide, 
phosphide, nitride, selenide. The names of these 
compounds should not be pronounced as though 
they terminated in “id.” Acids, bases, and salts 
■should be written and pronounced with a proper 
; regard for good English (examples of good chemL 
•cal nomenclature are to be found in “A Dictionary 
of Chemical Terms,” by James F. Couch, pub- 
lished by D, VanNostrar|d Co., New York, 1920). 
In naming salts, the ne^tive terminations should 
be “ate” and “ite” and the names should be. 
nounced as they are spelled and not as. fhbtigh 
they termiuaied in “at” and ^Ht”. 

We must copclude with Dr. Cranb that “good 
English in chemical literature, particularly in 
naming compounds, needs cultivation” J. 

, Crane, “Chemical Nomenclature” : Jour, and 
iEng. Chem.j 1919, xL, 72). Its choice^ is based 
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Manufacture of Nitrogenous Fertilisers 


W a proper regard for derivation and good usage, 
anld this latter desideratum requires the use of 
pure Englsh by English-speaking people, both in 
vv^riting and pronunciation. Elimination of un- 
Eiglish terminology in chemical literature may 
be brought about by following Deam Wilbur’s 
injunction : ‘‘Cultivate your own heritage. Cast 
away your mannerisms and discard your provin- 
qaUsms, but cherish as a trust your own style 
ani express it in our common language for the 
‘ common good.” Let those who teach chemistry 
in our schools and colleges observe good usage 
and adhere strictly to real English rather than to 
individual preferences. — School of Science and 
Mathematics^ U.S.A., December, 1920. 


N]E,W METHOD FOR MANUFACTURE OF 
NITROGENOUS FERTILISERS. 


^ An interesting paper on this subject was read by 1 
Mr. Thorsell, engineer, at a meeting of the Asso- 
ciation of Engineers of Gothenburg, relating to 
a new method for preparation of nitrogenous 
compounds. 

The method has many points of resemWance 
with the Haber process, but is more economic and 
more reliable in practice. It has also the adyan- 
' tage of giving useful by-products such as formiates 
oxalates,, &c- Gam-us cyanogen . .prepared by 
electrolysis of cyanides and the gas thus produced 
is run through concentrated hydrochloric acid, 
where it is transformed into examine, which 
represents a remarkable nitrogenous fertiliser 
containing 30 per cent nitrogen. Owing #0 the 
high cost of coal, heating is effected by electricity, 
and the expenditure of energy could thus be re- 
duced to such an extent that only 12 kilowatts are 
needed to manufacture one kilogrm. of combined 
nitrogen. 

Manufacture has already been commenced at 
the Works of the Kvaeveindustrie Co., but as yet 
one cani>ot estimate the yield, for hitherto only a 
small portion of the plant is in work owing to the 
want of power. However, before long the ferti- 
liser itLRY be in the markets. The products com- 
prise a series of by-products. To what extent 
will this new fertiliser compete with the hydro- 
electric nitrate of Norway? This, of course, will 
depend upon its value and price. — DEngrais^ 
November 19,-1920. 


SIMULTANEOUS 

UTILISATION OF PYRITES CINDERS 
AND BISULPHATES FOR MANUFACTURE 
OF IMPURE FERRIC SULPHATE. 


Coagulation of blood in abattoirs, deodorisation 
of putrid meat, waste fish, &c., require large 
quantities of ferric sulphate. 

Consequently it is useful to mar^ufactUre this 
material cheaply by the action of residual pyrites 
on binders {two substances of no appreciable 
valueh , ' 


These experiments, made in the lodet Angibaud 
Works of La Rochelle, might be continued for 
some time longer so as to be absolutely sure of 
the identity of this method with the old ones. 

In any case, says M, Hutin {Revue de Chemie 
Industfielle ^ November, 1920), we have to thank 
Messrs. lodet Angibaud* for allowing us to make 
the following tests : — 

Pure pyrites cinders 40 kilogrms. require 180 
of S04NaH, supposed to be pure (40*8 per cent 
SO4H3 free) and give 100 of (SO 4) Mu (mixed 
with variable quantities of SO^Na). 

This ferric sulphate can be manufactured at a 
cost of less than $ francs per quintal (4s. per 
23oilbs.). The exact quantity of pyrites and 
bisulphatc to be added is calculated according to 
the cinders with an exact percentage of FeaOg and 
tlie real acidity of the bisulphate in SOJK*. 

Modus Oferandi, 

The bisulphate is only slightly heated andnhen 
the dry cinders added in small quantities while 
stirring briskly. The reaction is very violent, 
The bisulphate pans are only filled 2/5. Heating 
is continued to remove water. The material run 
off should be very dry. To coagulate blood i-part 
of this magma j of blood. Coagulation is good 
cold, but the experimenter is of opinion that it 
would be better to heat. These experiments might 
be continued. 


CORRESPONDENCE. 

IS H COMPOSED OF A WHfOL'E-NUMBER 


PART (. 4 ) PLUS AN AUXILIARY PART {B) 
AND A ROTATING ELECTRON (C)? 


To the Editor of the Chemical News. 

Sir, — R eferring to the above paper which 
appeared in your Journal of Dec. 31, 1920, 
through an oversight I omitted to mention that 
Langmuir gives helium the place shown in Table 
11. as well as the one over beryllium. 

Referring to Table L, Co, Rh, and Ix should be 
deleted. 

Referring to the descriptive matter under Table 
II., on p. 316, the letters V and “B” (in small 
caps.) should be in large caps. (A,B) : the same as 
those following the words “Atomic Number.” 

There are two additional matters of interest 1 
will note here. ^ . 

If a is the fundamental material having the pro- 
perty of cohesion uniquely developed, it might 
condense round a nuclear part the latter pos- 
sibly representing i>ositive electron^ so that 
all atoms would contain at least one h nucleus, 
presumably situated at the centre of the atom. 
There are, however, apparently insuperable diffi- 
culties that stand in the way of such an idea. 
One of the^ difficulties would be the evaluation of 
the positive entity in different elements. 
Obviously, oxygen could not have more than one 
such entity if tl^ ^-value of unity is retained ; 
and yet oxy^n is supposed to have 8 negative 
electrons. There would thus be a very largfe 
excess of negative charge on (and in) the atom; 
equal to 7 negative electrons. Helium, for ex- 
ample, presents a similar difficulty. 
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The positions of a and h in the table shown 
might be reversed. Moreover, to make the table 
more complete, the negative electron should be 
placed therein; but it is obvious that it may be 
stretching matters too much to attempt to assign 
such an electrical entity to a place in the table. 

It is of interest to* note that A. G. Dempster 
reports in Science of December lo, ig2o, that he 
has analysed magnesium by means of the positive- 
ray method, with the result that the atomic 
weights of the whole-number iso types found are : 
24, 25, and 26. Mg = 24 is present in larger 
quantities than the others. — I am, &c., 

F. H. Loring. 


COLOUR OF WATER. 

^ I 


To the Editor of the Chemical News. 


Sir, — Sir W. D. Bancroft, in a recent paper 
(CHEMICAL News, 1919, cxviii., pp. 197, 208, 222, 
233, 248, 254) has discussed the question of the 
colour of water, with regard to the theories that 
its colour under various conditions is due to ab- 
sorption of light, reflection by suspended particles, 
influence of dissolved matter, &c,, but he has 
overlooked the aspect of the question raised by 
Ducleaux and (Mme.) E. W, Wollemann (/ourn. 
de Ph'^siqu^ {v.), ii., 263). These investi- 

long column of water appears 
W^irah^mitted light at comparatively low 
temperatures, but it becomes green with rise of 
temperature, which they explain on the assump- 
tion that polymerised water molecules are blue, 
and the simple ones green, the former being 
broken up with increasing temperature. Con- 
firmation is afforded to this explanation^^ by the 
fact that solutions of colourless salts, which must 
contain less polymerised water molecules than 
pure water, are greener than pur<sr water at the 
same temperature. 

Of course, the vapour density of steam is much 
less than that required for the formula H4O3, and 
greater than for the formula HaO, its density at 
about 100° C. corresponding with about 91 per 
^^nt of H3O molecules, whilst more recent work 
Ij&S rendered it necessary to assume the existence 
of trihydrol (HeO*) in addition to dihydrol (H^O*) 
and hydrol (H3O) in liquid water,? in addition to 
which .H. E. Armstrong assumed that two intra- 
molecdto forms of qach "hydro!” also exist. 

If these assumptions be taie, then the sipc 
different forms of ice discovered by G, Tammatm 
Ckem., iqio and i9i2)i,.,correspparf 
xo^roe SIX different molecules assumed to exist in 
liquid water. — I am, &c., 

E. T<^MiKlNSON. 

Barrow-m-Funiess, Decen^ber 24, 192(). . 


DIAMONDS. 

> 


To the Editor of the Chemical News, 


the^ course of his paper.OTf "]^iam<^ts” 
(Chemical News, cxx., 303), Mr. Sutton 

mentions the breaat-ptoe of fte high 
. Jerusademi and raises the ^ to 

; of the ^stoaes was a j ” 


tv 


belief that possibly it was. If, as Mr. Sutton 
suggests, the art of engraving on the diamond 
may have been known to the ancients, it is highly 
probable that some examples would ^have been 
pi'eserved, but nothing of the kind ‘has ever been 
found. While diamonds have occurred having 
natural markings simulating written character^, 
it is highly improbable that ajiy’ of these; would 
be sufficiently like the symbol of one of the tribes 
to pass muster, and in any case there is 'no evi- 
dence that , the Jews had any knowledge ' of the 
diamond as a precious stone. 

Moreover, not one breast-platq, but quite a 
number had to be constructed to, replace tl^ose 
carried off by the Egyptian and Babylonian plun- 
derers who devastated the Holy City at various 
dates from 971 B.C. ‘ The question was very fully 
discussed by Mr. L. Fletcher, Special Guide Np. 
5, British Museum (Nat. Hist.) 1911, who shows 
clearly that the name diamond given in the Bible 
is a mis- translation and that quite a different stonp 
was involved. — I am, &c., 

Thomas Steel. 

Sydney, N. S. Wales. 


THE BRITISH COMMITTEE FOR AIDING 
MEN OF LETTERS AND SCIENCE IN 
RUSSIA. 


T o the Editor of the ^ Chemical News, 


4 


Sir, — W e have recently been abje to get ‘some 
direct communication from men of science and 
men of detters in North Russia. Their condition 
is one of great privation and - limitation. They 
share in the consequences of the almost compelte 
economic exhaustion of Russia; like most people 
in that country they are ill-clad, underfed, and 
short of such physical necessities as ma^e dife 
tolerable. 

Nevertheless, a certain ’amount of scientific re- 
search and some' ikerary work still goes on. The 
Bolsheviks were at first regardless and even in 
some cases hostile to these intellectual workers, 
but the Bolshevik government has apparently 
come to realise something of the importance of 
^scientific and literary work to the community, and 
’‘the remnant — for deaths among theffi have been 
very numerous — ^the remnant of these people, -the 
flower of the mental life of Russia, has now 
gathered together |nto two special rationing 
I organisations which ensure at least the bare 
necessities* of lif^'^for them. 

These organisations have their headquarters in 
two buildings known as the House of Science anc^ 
the House of Literature and Art; Under the for- 


mer we note such great names as those' of Pavlov ' 
the physiologist ^d 'Nob^g?! 'Prizeman^ Karpinsky 
the geologist^ Borodin the botanist^ Belopolsky 
.the^ astronomer, Tagantzev ' "the criminologist, 
Oldenburg " the orientalist and permanent lecrn^t 
.mry of the P^Ograd^AcaicMny of ^Scieiic^,^lC6^;^ 
fitoispy, Bechter^v, Latishev, Morozov, and ^ 
othei^ ftepiliar tP the , whole ’scientific 
Severalwjdiese' scientific have '^"’^' 
discussed 

^larly as whelhw.'^ythfnlr' conkp 
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Notices 

*ki*iparfciilai: , !they> stress'. Their thought and 
tstorfc is’ 'greatly- impeded by the fact that they have 
‘seein practically no’ JEutopean bc^ks or publica- 
jdofnfe .since the R'cvpliitioh. 'This is an incon- 
Venienoe amounting' to i real intellectual distress. 
d®» the jhopeH that' this • condition may be relieved 
by tan 1 appeal' to British scientific workers. Prof. 
Oldenburg formed a small committee and rnade 
a comprehensive list of books and publications 
needed by the intellectual community in Russia 
^if it i?,,to keep alive and abreast of the rest of the 
World.' ' 

'It is, of course, necessary to be assured that 
any aid of this kind provided for literary and 
scientific men in Russia would reach its destina- 
don. ' The Bolshevik Government in Moscow, the 
Russian trade delegations in Reval and L-ondon,, 
and 'our own authorities have therefore been 
consulted, and it would appear that there will be 
no obstacles to the transmission of this needed 
material to the House of Science and the House 
of Literature and Art. It can be got through by 
special facilities even under present conditions. 

Many of the publications named in the Olden- 
burg list will havfe to^ be bought, the costs of 
transmission will be considerable, and accordingly 
the undersigned have formed themselves into^ a 
small cbmmittee for the collectio-n and adminis- 
tratidii of ,a fund for the supply of scientific and 
literary publications, and possibly if the amount 
subscribed permit^ of it, of other necessities to 
th^ese Ryssiaoa savants and men of letters. 

We ’hope to work in close association with the 
Rojfal 'Sddety and other leading learned societies 
in ,this matter. The British Science Guild has 
kindly ^granted the Committee permission to use 
it^ addrjess. 

We appeal for subscriptions and ask that 
cheques' should be made out to the Treasurer, C. 
Hagb^jrg Wright, LL.D,, and sent to the British 
Committee for aiding Men of Letters and Science 
in Russia, British Science Guild Offices, 6, John 
Stf^'%' Adelphi, London, W.C.2. — We are &c., 

■ MtMoNtAGu OF Beaulieu Bernard Pares 
Ernest Barker Arthur Schuster 

, %. P. Cathcart C. S. Sherrington 

A. S. Eddingtot a. E. Shipley 
‘ 1. GpfL'ANcz H. G. Wells 

R. ,A,‘ Gr^^gory a. Smith Woodward 

P. Chalmers Mitchell C. Hagberg Wright. 


N0TICES_0F BOOKS. 

Year Book of Pharmacy for ig3o. Pp. ix+622. 
London . J & A. Churchill, 7, Great Marl- 
borough Street. 

This Year Bobk of:* Pharmacy contains Abstracts 
of papers relating to pharmacy, materia medica, 
and chenal^t^; contributed to British and foreign 
journals frobi July r, igrg, to June 30, 1920, also 
it contains the Transactions of the. British Phar- 
maceutical Conference at its 57th Annual Meeting 
held in Liverpool, July 19, to 23, 1920. 

The Yeasts: By ^Ale:?ovndre Guilhermond, D;Sc., 
translat'd' F. W. TanneR, M.S., Ph.D. 
Pages xix. 4-42^ 1920. London : Chapman & 

II, Henrietta Street, W.C.2. Price 33/- 

is 'stated that Mr. Tanner is the 
|:i:ai|slator of Mr. Guilliermond’s book on Yeasts, 


0/ Books [ 

■ this is not strictly correct. This book is based on 
' Giulliermond’s “Les Lcvures” which was pub- 
lished in 1912, appealing as a volume in the sec- 
tion on Cryptogramic Jiotany of Encyciopcdic 
Scientifique. This series is edited under the direc- 
tion of Dr. Toulouse. The mere translation of 
a book published in 1Q12 on a subject which is 
being developed as rapidly as the yeasts would be 
entirely inadequate, thfe translator has, with the 
assistance o-f M. Guilliermond, added much new 
material, which has been published since 1912. 

The book is divided into 13 chapters. The first 
seven deal with the properties of yeasts, while .the 
remaining chapters are given up to their classifi- 
cation. 


A System of Physical Chemistry. Vol, 11 . , 
“Thermodynamics.” By William C. McC. 
Lewis, M.A. (R.U.I.), D.Sc. (Liver.). Third 
Edition. Pp. viii.+4S4. 1920. I..ondon : Lo-ng- 
mans, Green, & Co., 39, Paterno-ster Row, 
E.C.4. Price is/- net. 

This book belongs to the series “Text Books of 
Physical Chemistry” edited by Sir Wm. Ramsay, 
K.C.B., D.Sc., F.R.S., and F. G. Donnan, 
C.B.E., M.A., Ph.D., F.R.S. 

The author has made a few additions to the 
previous edition, principally in Chapter VII. , the 
E.M.F. method of determining the transport num- 
ber of an ion as employed by Maclnnc.s and 
Parker, an account of the investigation of 
Richards and Daniells on thajlium amalgam cells, 
and Tolman’s work oh' feftfijirifugal 
Chapter VIIL, an extended section dealing with 
ionic activity and ionisation. The problem of the 
activity of un dissociated molecules is also con- 
sidered. In Chaptei XL, a resitnid of the experi- 
mental evidence for Donnan’s theory of inombrami 
equilibria is given, and a fairly full ac*c(nint^ of 
the concept of the micelle in elcTtrolytic colloids. 
The other two volumes comprising this book are 
entitled : Vol. I., “Kinetic Theory”; and Vol. IlL, 
“Quantum Theory.” 


An Introduction to the Structure and Pefrodne- 
tion of Plants. By Fritch and SALISBURY. 
London: Q. Bell & Sons, Price 15/- net 

As stated by the authors, this work, of some 400 
pages, is written as a .sequel to their “Introduction 
to the Study of Plants.” The subject-matter is 
divided into two sections, the first dealing with 
anatomy, and the second with lifc-historios and 
reproduction. Both these sections are copiously 
illustrated^ by photographs and diagrams, very 
largely original; these arc extremely well repro- 
duced and form a valuable part of the book. 

In the anatomy section aie chapters on cell- 
structure, cell-division, and differentiation, with 
separate chapters on the non-living contents and 
by-products of cells. These are followed by sec- 
tions devoted to the different tissues in turn, 
special emphasis being laid on the relations of 
structure to, function in special tissues such as 
cork, secondary wood, and the like. 

In the second section, dealing with life-histories 
and reproduction, a departure has been made from 
the usual system of “types.” The common groups 
are all dealt with in turn, but as large a variety 
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of forms as possible is illustrated in each. In accor- 
dance with this principle, many interesting refer- 
ences of economic and commercial importance are 
introduced. The short concluding chapter deals 
simply with evolution and heredity j its interest is 
increased by clear diagrams of simple laws of 
variation and -maps illustrating distribution. 

Finally, there is a comprehensive appendix and 
an excellent index. The microscopic diagrams 
would be ^ improved by statements of the exact 
magnifications. 


NOTES. 


Candelilla Wax in Mexico. — The candelilla is 
a plant about 25 inches high which grows exten- 
sively in Mexico, wild, especially in the locality 
of Monterey, where there are several works to 
extract the oil. At the end of August, igrg, only 
one of these works was running, owing to the 
poor prices of wax, the daily production being 
^62 lb. The wax is extracted by putting the plants 
into water, which is then heated to boiling. Sul- 
phuric acid is added, the separated wax being 
collected and poured into receptacles to solidify. 
It is then treated with steam in another vessel, 
and sulphuric acid. The refined wax is then run 
into moulds . — Matter es Grasses^ Nov. 15. 

^ Generals Secretary of the 

' Industrial League and Council, has been 
appointed a member of the Commercial Panel of 
the Appointments Department of the Minist^ of 
Labour. Mr. Ames’ long and varied experience 
in connection with Labour matters renders him 
eminently suitable to assist in connection with the 
work which will devolve on this Panel. During 
the last two years, while ofiiciating in the capacity 
of a Trustee and Member of the Executive Com- 
mittee administering the King’s Fimd, of which 
Lord Parmoor was the Chairman, Mr. Ames found 
his experience very useful. 

New Commercial Motor Taxation. — The Soli- 
citor to the Commercial Motor Users Association 
'has compiled for the benefit of members a 24-page 
booklet, indicating the new rates of duty payable 
upon commercial motor vehicles as from January' 
1, together with a summary of the principal regu- 
lations governing the licensing and registration 
of such vehicles, which will also come into force 
on January 1, A limited number of copies of the 
booklet are available, and any user of commercial 
motor vehicles may receive a copy post free upon 
applitktion to F. G. Bristo-w, F.C.I.S., F.S.S., 
A.M.Inst.T., General Secretary, Commercial 
Motor Users Association, 50, Pall Mall, London, 
S.W.i. 

Export of Seed Potatoes.— The Board of 
Trade (Licensing Section) announces that as from 
the 1 6th instant seed potatoes may be exported 
to all destinations other than Soviet Russia with- 
out Privy Council Licence. Exporters are, how- 
ever, warned that it will still be necessary to ob- 
tain certificates of freedom from disease from the 
respective Boards of Agriculture beBre export can 
take place to certain destinations. 

Contracts Closed.— The Turbine Furnace Co. 
Ltd., of 5, Budge Row, London, E.C.4 has received 
orders from (i) Messrs. A. Roberts & Co.; 


Ltd., of Carpenters Road, Stratford, E; fchemic^l 
manufacturers) for one set of furnaces^ for a 
by 8ft* Lancashire Boiler; with sin. fhiesj (2) 
Messrs. The Gas Light & Coke Coke Co,, Ltd,:*, 
Westminster, have placed an order Tor, one^set ^f 
Turbine (Patent). Fumacesi/tfor Mthei'r''ita5’: 
ammonia-producing works at Beckton. ' The fui^- 
naces are required to fit a Lancashire boiler of 
8ft. 6in. diameter. « - h 

Estimation of Phosphatfs and Ar^eni^^Ites. — 
The sulphomolybdic solution hitherto employed 
to characterise, sometimes tin salts and sometimes 
hydrogen peroxide, gives an extremely sensitive 
reagent which M. Denig^s employs in research 
of phosphates and arseniates. Its application vv^^l 
be particularly interesting in analysis of sqils and 
identification of traces of Ph or As, both in bio- 
chemistry and legal chemistry. — Commies Hendtfs^ 
October 26th, ig2o. 



This List is specially comptled for the Chsmtcai N*ius by ^fessfif. 
Rayner & Co , Registered Patent Agents, of 5, Ch^fxcery 
London, W C. 2 ., from whom all informition reefing to Patenta, 
Trade Marks and Designs can be obtained gfat»k6«i}y. ^ 

Mixing or comminuting and dissoivittg alkali silicaUs , — 

J F. Phillips, of Old Burlington 'Street*, London, arid ariotb^ 
gentleman have obtained a Patent No. 151508 , fop *an improved 
method of nnxing or comminuting and dissolving alkali silicata 
in the presence of water under the action of stoa^ or gas in a 
rotary mixer. The steam or gas is arranged to be direct^ in 
form of jets throughout the whe^e internal space of thn mixer and 
to impinge with force upon the particles ot the material ^treat^ 
Preferably, a pipe is arranged substantially along the axis of .the 
barrel or cylinder and provided along its length with a number rif 
orifices so as to cause radical Jets of stesm» eto., to play upqn the 
material as it tumbles with the rotation of the bacrek f , * 

There may be a number of pipes substantially parallel io the 
axis: or the steam may be admitted to ^ ateam-chesi at hue arid ot 
both ends of the cylinder provided with a series of .j^rforations 
which will cause a number pf jots to be projected into we cylin^r 
parallel to the axis.^ As shown on the a<^Pompaiiiea ^mwmg 
cylinder a, is mounted ^ trunnions a and rotated byctoothed 
gearing, and a steam-pipe t passing thropgli the trunnmps rte fitted 
at the end with a safety valve j. The nipa ^ has xadica| 
and may be surrounded by a second or shutter pipe' G naviag 
orifices normaBy registering with those pipe E. 1 - . 

^ means of a hanefie^, the pipe g can be rbtafeATo. Plo?6 
orifices i. of the pipe E, or the pipe g m^y be arr^g^ to be moved[ 
j^xially. The pre^re of the steam or |[as ^ tIie%Kniier may be 
^mployed to discharge the finished materikb * 'r * ' 

Messrs. Rayner & Co*., will obtain planted copies of 
published specifications and forward on pqst fear the opeta^i 
price of i/- each. 





Lattht , Patent r 

35629 & 35630— British Cellulose ^ Chemical Maxmfactnring^C^— 
Trealmgat of products. piad|.^ 5 ^ 



la 


35,647;7-British Dyestuffs Corporation r-Ms^nufacture of new series < 
• - of. soluble aci4 ooiourin^-niatters; of new series of 
, t intermediate comt>ounds for .manufacture* thereof. 

, . iSth. 

35Jt9l>T~Clavelj R.r-Process of dyeing -qellulose acetate. Dec. J4tb. 

35S«3^Seheibler, H.^Manufacture of sulphur preparations of the. 
/ j thiophene seines. Dep. r7th, , 

' * ^picijice^tions Published this Week. 

* I ' 1 t 

132510— Gans, R,— Process for the production of, iron-free 
ammonium alum from aluminium sulphate solutions 
oontaiaing ferric sulphate. 

JfSSiSy-^Aktiebolaget Ferrolegeringar, — Production of chromium 
‘ or alloys of chromium. 

i47543”“Traube, W.— Process for the extraction of ethylene from 
gaseous mixtures containing it. 

. Abstract Published this Week. 
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BDlTORIAIi.-^All Literary communications and Books, Chemical 
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A dvertis’emenis 


‘ Particulars are just to hand of a simpliffed method of obtaining 
alkali percarbonates which has been patented by M. H. Wade, of 
Hatton Garden, London, No. 153368. 

Solid alkali percarbonates are obtained by treating sodium 
carbonate with hydrogen peroxide in presence of sufficiently limited 
quantities of water to produce the solid product directly, and of 
sodium chloride for salting out the product. A previous calcination 
of the sodium carbonate, and the addition of aitti-catalysers such 
as sodinm silicate, magnesium chloride and magnesium— sodium 
silicate are advantageous. 

Messrs. Raynen’ & will obtain printed* copies of the 

published specification^ and will forward on post free for the 
sum of i/- each. ’ 


MEETINGS FOR THE WEEK. 

i, > ' ' 


* ' Saitirdayi Janmiy 8, r93i. 

Rojral Institution, 3. , (Christmas Lectures).. “The Haunts of 
Life — The ' Conquest of the Land," by Prof. J. Arthur 
’ ' Th'omp^ofi. 

Tuesddyi Jammy, ij.. 

Royal Institution; 3* ^^^e^ Mastery of the Air," by Prof. 

J. Arthur ThomP?*E>»* 

Institution of Electridai Engineers; 7. (At Edinburgh). 

Institute of Metals, 7.30, * (At Birmingham), 

Institute of Metals, 6, (At Glasgow). 


Wednesday, January 12. 

Royal Society of Arts, 8, Industrial Fatigue," by Charles S. 
’Myers, M.D„ Se.D., F.R S. W. L. Hlchens (Chairman, 
Messrs. Camifiell Laird dt Co., Ltd.) will preside. 

Institute of Electrical Engineers, 7. (At Birmingham). 


Tftmsday, January 13. 

Institute of Chemistry. (At Liverpool). 

Institution of Electrical Engineers, 6, •* Electrons," by Sir 

W.'H, Braggt 

Optical Society, 7.30, ' ^ 


All communications for this Department should be ad^ 
dressed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E,C*4, 


COUNTY BOROUGH OF BRIGHTON. 


PUBLIC ANALYST. 

A PPLICATIONS are invited for the appoiut- 

ment of Public Analyst for the Borough from Peraiffli|.iOiL, 
engaged directly or indirectly in any trade ox 
connected with the sale of food or drugs in the Borough. ' ff ' ' 

Forms of application with particulars of remuneratioii end 
conditions upon which the appointment will be made, may^^ 
obtained on application to the undersigned. 

Applications (with copies of two recent testimonials encldsfid) 
and endorsed “Publio Analyst" mMt b% 4eliyereid my c^oe 
before 10 o'clock itl the 

Town Hall, Brighton, 

, December, 1920. 
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Element 

Table 

Absolute 

Temp. 

V. 

St. 

Sols. 

P- 

Beryllium.., . 

See 

Table III. 

1*65 

Vlagnesium 

... 308 

0*405 

0*245 

Calcium 

. . 323 

0*243 

0*1804 

1*35 

Zinc ... . 

306 

0* 1476 

0*0932 

1*58 

3 admium 

... 323 

0*087 

0*0548 

1*59 

Mercury 

214 

0*0465 

0*0319 

1*45 

Boron 

Table VI. 

See Table III. 


Aluminium 

. * . 100 

0-305 

0*1226 

2*49 

Aluminium 

... 200 

0-345 

0*1731 

2 

Aluminium 

... 300 

0-3534 

0*2053 

1*72 

Aluminium 

... 700 

0-369 

0*2531 

1*45 

Gallium 

291 

0-135 

0*079 

1*71 

Iridium 

323 

0-848 

0-569 

1*49 


While ^ for silver only falls from 1-62 to 1*56 
between ioo°A and yoo^A, f for aluminium falls 
from 2*49 to 1*45 for the same range of tempera- 
ture. In the latter case the specific heat increases 
much more rapidly than in the former case. 

Table VII, 

Absolut* 


Element 

Temp. 

St. 

Sols. 

p 

Carbon 

See Tables I. 

and IL 


Silicon 

See Table III. 



Tin 

323 

0-0817 

0*0545 

I-S 

Lead 

240 

0-0445 

0*0306 

1*45 

Lead 

307 

0-463 

0*0315' 

1*47 

Table VIII. 



Phosphorus (yellow) 

189 

0*286 

0*169 

1*70 

Phosphorus (yellow) 

266 

0*3 

0*1788 

1*68 

Phosphorus (yellow) 

298 

0*309 

0*202 

1*53 

Phosphorus (red) 

298 

0*309 

0*1829 

1*67 

Phosphorus (red) 

340 

0*3167 

0*2121 

1*49 

Arsenic (cryst) 

318 

0*13 

0*0830 

1*56 

Arsenic (amorph.) 

316 

0*13 

0*0758 

1*71 

Antimony ... ... 

186 

0*076 

0*045 

1*68 

Antimony 

383 

0*0846 

0*0503 

1*68 

Bismuth 

307 

0*462 

0*0305 

1*51 


Generally, f for the amorphous element is 
higher than for the crystalline variety and where 
an element exists in two crystalline forms (cf. 
carbon) the values are by no means the same. 

Table IX. 

Absolute 

Elemeni. Temp. St. Sols. p. 

Sulphur (rhomb.) 83 0*248 0*0835 2*95 

Sulphur (rhomb.) 304 0*299 0*163 1*83 

Sulphur (monoclinic) 289 0*295 0*1774 1*66 

Selenium (cryst.) ... 315 0*1221 0*084 1*45 

Selenium (amorph.) 301 0*1204 0*0953 1*26 

Selenium (amorph.) 312 0*1218 0*1125 1*08 

Tellurium 100 0*0648 0*0462 1*39 

Tellurium 200 0*0735 0*0471 1*56 

Tellurium 300 0*075 0*0480 1*56 

Tellurium 400 0*0781 0*0489 1*59 

Tellurium 500 0*0774 0*0498 1*56 

Tellurium 600 0*078 0*0507 1*54 

Tellurium 700 0*078 0*0516 1*51 

Chromium 309 0*1853 0*0997 1*86 

iy for sulphur is only 1*83 even at 304°A, so that 
it consists mainly of Ss .molecules. Tellurium 
behaves rather erratically, f gradually increasing 
to 400"" A, after which it gradually decreases to 
700® A. 


Element 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron (Temp, of Re- 
calescence) 


Table X. 

Absolute 
Temp, S 


Sols. 

0*1 1 16 
0*1124 
0*1138 
0*1 180 
o* 1267 
0* 1366 


Iron 

1273 

o*i8o8 

0* 1678 

1*08 

Cobalt 

326 

o-i6s 

0* 1067 

1*54 

Nickel 

100 

0*1401 

0*0575 

2-43 

Nickel 

200 

0*159 

0*0878 

1*82 

Nickel 

300 

0*1624 

0*1054 

1*54 

Nickel 

400 

0*1696 

0*1 168 

1*45 

Nickel 

500 

0*168 

0*1233 

1*37 

Nickel (critical 





Temp.) 

623 ? 




Nickel 

900 

0*1773 

0* 1338 

1*32 

Nickel 

1073 

0*1768 

0* 1484 

1*19 

Nickel 

1273 

0*1749 

0* 1608 

1*09 

Rutheniuxn 

323 

0*0954 

o*o6n 

1*56 

Palladium 

323 

0*0912 

0*0592 

1*53 

Palladium 

905 

0*0977 

0*0714 

1*37 

Osmium 

329 

0*051 

0*0311 

1*63 

Iridium . . . . 

323 

0*0505 

0*0323 

1*56 

Iridium ... ... 

973 

0*054 

0*0401 

1*35 

Platinum 

323 

0*0496 

0*0323 

1*53 

Platinum 

773 

0*0523 

0*0377 

1*38 

Platinum 

1673 

0*054 

0*0390 

1*38 

Platinum 

1873 

0^056 , 

0*0398 


The most interesting eleiheht ifi 

tiu 

iron. The value 

of i 

gradually 

increases to 


373° A, after which it diminishes. During 
recalescence new groupings of the atoms evidently 
take place for at ii73°A f is only three quarters 
of its former value ; there is a sudden change 
in the value of 'p from 1*33^ to i'o8, when iron 
consists almost entirely of Fci molecules. Now 
it is kno-wn that iron particles are more susceptible 
to new groupings than the molecules of any other 
element. An iron bar hammered in a magnetic 
field becomes magnetised through the arrangement 
of like poles in one direction; but heat or rough 
usage causes these temporary groupings to break 
up again and they disappear or become impossible 
above 983® A, at which temperature there is evi- 
dently no molecular complexity. It will be 
noticed that nickel does not behave in quite the 
same way unless its critical temperature is above 
90 o®A (as in the case of iron). 

To sum up : (i) Elements which have abnormal 
specific heats (elements of low atomic weights) 
are just those elements whose rate of change of 
f per degree is considerable. 

(2) For most elements i diminishes as the 
temperature rises, and often, in the same group, 
as the atomic weight increases. An exception to 
the latter rule is exhibited by the triad iron, 
ruthenium, osmium, although this^ exception 
might disappear at the melting points (corres- 
ponding temperatures). 

(3) Iron appears to behave normally until its 
critical temperature, when it suddenly changes 
from a mixture of Fes and Fe^ molecules to Fej 
molecules. 
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(4) The values of R at the melting-points are 
relative to Br^j. The values of Rt quoted in 
this paper are equal to 

RxT 

M.P. 

The lower the temperature the smaller does R 
appear to be, and the greater is the value of f for 
any substance. At the absolute zero a substance 
will be incapable of aggregating but with increase 
of temperature the power to do so returns. On 
the other hand ^ will have its maximum value at 
the absolute zero. We might illustrate this 
phenomenon by the analogy of a siege. The 
people of the land represent an aggregation of 
units, more or less organised for defence. As the 
size of the aggregation (Rt) diminishes through 
casualties (starvation) the better organised {f) 
must the remnant become to resist the onslaughts 
of the enemy. Individual tastes and pursuits are 
sacrificed and even the individual identity is lost 
in the interests of the State. So, on approaching 
the absolute zero, when the power of aggregation 
has almost passed away, the atoms or molecules 
show their greatest degree of coalescence. 

Poly 7 nerisation amongst Compounds. 

Most, if not all, elements polymerise, but this 
property is shown more particularly by the ele- 
ments in the first two rows, and they are able to 
exert their polymerising influence in their com- 
pounds. The results for the chlorides are given 
in Table XI. 

Table XI. 


Absolute 


Coaip6und 


Temp. 

St. 

Sols, 


LiCl 

. . . 

328 

0*456 

0*282 

1*62 

NaCl 

... 

330 

0*333 

0*214 

1*56 

KCl 

... 

330 

0*264 

0*173 

V 53 

RbCl 

... 

303 

0*157 

0*112 

1*40 

CuaCla 


331 

0* 199 

0*138 

1*44 

AgCl 


330 

0*1354 

0-0911 

1*48 

NH4CI 

... 

303 

1 * 0^3 

0*373 

2*88 

MgCla 

... 

304 

0*303 

O'lQI 

i '59 

CaCla 


334 

0*264 

0*164 

1*60 

CaCla.6HaO 


264 

0*927 

0*345 

2-68 

CaCla.bHaO 


289 

0*905 

0*647 

1*39 

SrCla 


329 

0*184 

0* 120 

1*53 

BaCla 


329 

0*143 

0*0896 

1-59 

BaCls.zHjjO 


30s 

0*353 

0*171 

2*05 

ZnCla 


333 

0*217 

0* 136 

1*59 

HgaCla 


326 

0*082 

0*052 

1-58 

HgCla 


329 

O’loS 

0*0689 

1*56 

TiCl 4 


329 

0*255 

o*i88 

1*35 

SnCls 


333 

0*155 

0*1016 

rsi 

SnCl* 

... 

329 

o'lgo 

0* 1476 

1*29 

PbCla 


333 

0'io6 

0*0665 

1*59 

PCh 


328 

0*285 

0*209 

i ' S 6 

AsCla 


329 

0*216 

0*176 

1*23 

CuKaCUzHaO 


308 

0*393 

0*197 

2*00 

KaPtCle 


303 

0*175 

0*113 

1*55 

K3ZnCl4 


30s 

0*234 

0*152 

1*55 

KaSnCle 


308 

0*21 

0*133 

1*58 


The chlorides appear to polymerise to about the 
same extent as the elements composing them, but 
the presence of water leads to further polymerisa- 
tion, the value of CaCla.bH^O being 2'68 at 
a64°A. This value drops to 1*39 at 389® A, ^due 
perhaps, to dissociating into anhydrous CaCl» and 
free (liquid) water whose arfe 1.60 and id- res- 
pectively. Three double, chlorides have the fs of 


the separate chlorides. The most interestin 
compound in the list is ammonium chloride whic 
appears to be NsHiaCl. or a mixture of NaHaC 
and N,H,.Cl4. 

The bromides and iodides give similar result 
but the fluorides are slightly more polymerisec 
for fluorine can claim to be a polymerising ager 
(compare HnF» where the complex molecules ar 
probably due to both H and F). See Table XU 


Compound 

Table XII. 

Absolute 

Temp. St, 

Sols, 

p* 

CaCla 

••• 334 


1*6 

KaZnCl 4 

... 305 


1*5 

CaFa 

... 309 0*370 

0*209 

1*7 

AlNaaF. 

... 309 0*459 

0*238 

1*9 

It has previously been shown that 

sulphur doe 


not polymerise to anything like the same exten 
as carbon j boron, &c. do (^ = 1*83 at 304® A) an< 
this fact is comfirmed by determining f for th 
sulphides (Table XIII). 


Compound 

Table XIII. 

Absolute 

Temp. St. 

Sols. 

P > 

CUaS 

... 309 

0*183 

0*120 

i' 5 i 

AgaS ... ... 

... 326 

0*1177 

0*0746 

1 * 5 / 

ZnS 

... 304 

0*1975 

0*120 

v 6 : 

HgS 

... 309 

0*0829 

0*0517 

i* 5 c 

SnS ... ... 

... 329 

0*1293 

0*0836 

V 5 l 

SnSa 

*.• 327 

0*159 

o* 1 193 

i* 3 f 

PbS 

... 305 

o*o8o 

0*049 

1*6: 

SbaSa 

•» 334 

0*145 

0*084 

1*7: 

BijSa ... 

... 328 

0*094 

o*o6o 

i* 5 < 

FeS 

331 

0*222 

0*1357 

1*6: 

FeSa 

•» 305 

0*24 

0*1255 

vgi 

NiS 

... 329 

0*214 

0*128 

1*6; 

CuFe.Sa 

... 307 

0*210 

0*131 

I*OC 


Whereas the raising of FeS to FeSa increases 
f from 1'62 to 1*90, increasing the valency has the 
opposite effect in the case of the sulphides of tir 
(cf. SnCla and SnCl4). This might point to the 
presence of SnS*, SnS, and S even at ordinary 
temperatures, for when SnSa is h^ted, " a por 
tion sublimes without decomposition but the 
greater part is resolved into sulphur and thf 
monosulphide’^ (Roscoe and Schorlemmer, *‘Trea- 
tise on Chemistry,” vol. ii., p. 846). 

Table XIV. gives the results for the sulphate? 
and it will be seen how the presence of oxygen 
and hydrogen (both polymerising agents) l^eads to 
greater polymerisation. 

Tabie XIV. 


Compound 

Absolute 

Temp. 

St. 

Sols. 

A 

(NHJaSO, 

... 302 

i*o86 

0*350 

3*10 

NaaSO^ 

315 

0*477 

0-229 

2*09 

KaSO^ 

329 

0*393 

0*190 

2*07 

KHS04 

308 

0-490 

0*244 

2-02 

CUS04 

335 

0*369 

0*184 

2*00 

CuSOvSHaO 

... 305 

0*81 

0-285 

2-83 

CuSo4,5H20 

— 335 

0*826 

0*310 

2*61 

MgS 04 

335 . 

0*490 

0*225 ) 

2*‘r7 

MgS 04 . 7 HaO 

... *304 

1*051 

0*362 


CaS 04 

.. ... 305 

0*423 


CaS042Ha0 

304 

0-667 


2^58 

BaS04 

366 

0-247 


2-2^^ 

BaS04 

12 

0-251 ; 



PbSO^ . 

o-ipbv, 



FeS0^,7H^0 , 

. 365 


ym -- « 

4 ip 

CoS 04 . 7 H^O 

... 295 
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Polymerisation in the Solid Stale 


The conversion of a sulphide into a sulphate 
raises f from about i*6s to 2+ (for anhydrous 
salts), a tribute to the polymerising properties of 
oxygen. The presence of water of crystallisation 
still further increases Ammonium sulphate is 

I (NHJ^SO, } . 

or a mixture of (NHJ^SaOa and (NHJaS^Oio. 

The results for a few hyposulphites are given 
in Table XV. 

Table XV. 


Compoimd 

Absolute 

Temp. 

Xa^SflOs ... 

335 

NaaSaOa.sHaO 

... 301 

KaSaOs 

••• 333 

BaSaOa 

••• 331 

PbSaOa 

33 X 


Sx. 

Sols. 


0'435 

0*221 

1*96 - 

0-847 

0*445 

1*90 

0-360 

0*197 

1*83 

0-235 

0*163 

1*44 

0-185 

0*092 

2*00 


The hydrated sodium salt is less polymerised 
than the anhydrous salt, surely a rare occurrence, 
although it should be pointed out that the specific 
heats have been supplied by different observers. 
The low; value for the hydrated salt may be due 
to partial decomposition, decomposition into 
Na^jSaOs and HaO (whose are 1*96 and 1+ res- 
pectively). 


The hyposulphates are less polymerised than 
the corresponding sulphates owing to the sub- 
stitution of a sulphur atom for a more highly 
polymerising oxygen atom. 

We should expect the borates, which contain 
two highly polymerising elements, boron and 
oxygen, to be more highly polymerised than" the 
sulphates, and this surmise is confirmed by the 
results quoted in Table XVI. 


Table XVI. 


Compound 

KBOa 

JNaBUa 

Pb{BO,)a ... 
Na,B^O, 
NaaB^Or 
NaaB^Oy. 10H2O 

KaB.Oy 

PbB^Oy 


Absolute 

Temp. 

St. 

329 

0*477 

330 

0*592 

329 

0*232 

30s 

o*6i6 

329 

0*627 

308 

1*083 

* 331 

0*543 

• 329 

0*322 


Sols. 

P- 

0*2048 

2*32 

0*2571 

2*31 

0*090 

2*58 

0*229 

2*70 

0*238 

2*62 

0*385 

2*82 

0*2198 

2*48 

0*114 

2*82 


The bigger the percentage of polymerising 
atoms present, the more polymerised is the sa{t. 
This fact IS very obvious from the lead salts 
(sulphur is not included as a polymerising agent 
as its f is only a little more than that of lead). 


Compound 

BbCla 

PbS 

PbSaOa 

PbSO, 

PfaB,0* 

PbB,0, 


Percentage of 
Polymerising Atoms 
{Boron and Ozygen) p. 


O 

O 

SO 

67 

86 

92 


I'sg 

1*62 

2*00 

2'2S 

2*58 

2-82 


We liave Ken the effect of a basic polymeris 
radicle (NH*) in ammonium chloride (wt 
^«=2-88) and ammonium sulphate, which conti 
basic and an acidic (SCJ^) polymeris 
radicle ^=3-10). What wffl be the effect of 
juxtaposition of the ammonium and the nitric i. 
Whcies? See Table XVII. 


Table XVII. 


Compound 

Absolute 

Temp. 

St, 

Sols. 

P * 

NH.O, 

... 295 

1*071 

* 0*455 

2*35 

NaNO, 

... 316 

0*57 

0*265 

2*15 

NaNO» 

... 329 

0*575 

0*278 

2*07 

KNO, 

••• 303 

0*474 

0*232 

2*04 

KNO. 

... 329 

0*483 

0*239 

2*03 

AgNO, 

330 

0*286 

0*1435 

2*00 

Sr(NO,), ... 

... 305 

0*408 

0* 181 

2*25 

Ba(NO,)3 ... 

305 

0*330 

0*145 

2*28 

Ba(NOa). ... 

... 329 

0*336 

0*1523 

2*19 

Pb(NO.), ... 

••• 305 

0*259 

0* no 

2*35 

Pb(NO,). ... 

331 

0* 266 

0* 1173 

2*26 


'p for nitrates lies between the values for the 
chlorides and the sulphates, except in the case 
of ammonium nitrate. 

Results for a few phosphates, chromates, chlor- 
ates, and arsenates are given in Tables XVIII., 
XIX.,* XX., XXL respectively. 



Table XVIIL 



Compound 

(KHaPO. ... . 

Absolute 

Temp. 

St. 

Sols. 

P- 

.. 30s 

0-564 

0 * 2 q 8 

2*71 

iNaaHPOs.uHaO 

264 

1-145 

0*454 

2*52 

JNaPOa ... . 

.. 303 

0*469 

0*217 

2*16 

(Ca(PO,)a ... . 

.• 329 

0*444 

0’ 199 

2*24 

/Na 4 pa 07 ... . 

*. 330 

0*479 

0*228 

2*09 

jK^PaOy ... . 

330 

0-385 

0* 191 

2*01 

lPb,PaOy ... . 

•• 327 

1-822 

0*821 

2*22 


Table XIX. 



KaCrO^ ... . 

.. 306 

0-345 

0* 189 

1*83 

KaCrjOr ... . 

- 3 p 9 ’ 

0-359 

0*186 

1*92 

PbCrO* ... , 

.. 308 . 

. 0-179 


•'fi# 


Table XX. 



KCl 

.. 

— 

— 

1*53 

KClOa ... . 

307 

0-391 

0*194 

2*01 

KCIO4 ... . 

•* 303 

0-415 

0*.190 

2*19 

Ba(ClOa)a.HaO, 

305 

0-357 

0*157 

2*26 


Table XXL 



KAsOa ... . 

.. 331 

0*301 

0*156 

I'Q2 

KHaAsO* ... , 

.. 304 

0*426 

0*175 

2 * 43 « 

Pba(AsO*)a 

.. 328 

0*141 

0*0728 

,.,.vp 4 


* — W- - ^ 

Table XXIL, which concerns the <;^ihK 5 sb|ites, 
is interesting as it shows the varkmh forms of 
calcium carbonate to be almost equally poly- 


merised. 

Table XXIL 


Compound 

Absolute 

Temp. 

St. 

Sols. 

P. 

NaaCOa 

, 306 

0*543 

0*246 

2*20 

NaaCOs 

. 330 

0*552 

0*2727 

2*02 

KaCOa 

. 30s 

0*417 

0*206 

2*02 

KaCOa 

* 334 

0*426 

0*216 

1*97 

RbaCOa • ... 

. 305 

0*249 

0*123 

2*02 

CaCOa : 

Calespar 

‘ 305 

0*479 

0*2o6 

2*33 

Arragonite 

. 303 

0*479 

0*203 

2*35 

Marble (white 

330 

0*489 

0‘216 

2*26 

Marble (grey) 

• 333 

0*489 

0*210 

2*33 

SrCOa 

. 326 

0*33 

0*1475 

2*24 

BaCOa 

. 328 

0*248 

0* 1 104 

2*24 

PbCOa 

. 305 

0*179 

0*0791 

2*25 

FeCOa 

. 326 

0*42 

0*1934 

2*10 


Table XXI 11 , is au attempt to arrange the salts 
of potassium and lead order of f , ' Perhaps, 

this order will not^'hpld gcod f or the acids them^ 
selves, which will hav% still higher values. JS*g,j 
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the specific heats of sulphuric acid at 243® 
i 273® A, p is 2*80 and 2*48 respectively. 

Compound 

Table XXV. 

Absolute 

Temp. St. 

Sols. 

P 

Table 

XXIII. 


CgO® 

... 300 

0*322 

0*178 

r8i 

Acid 

H^B.O, 

Pb. .. — ti - 

2*82 

— . k 

2*48 

CgCla ... ... 

CaCle 

C13H23O11 . 

■■■ 30 j 

... 307 

0*322 

0*324 

0-194 

0-277 

1*67 

1*17 

HBO, 

2-58 

2*32 

(Crystalline) 

... 309 

1-2775 

0*3005 

4*25 

HCLO4 

— 

2* 19 

(Amorphous) 

... 3OQ 

1-2775 

0*342 

3*74 

HgSO. 

2‘29 

2*07 

CeH. 

... 223 

i*4ih 

0* 262 

5*40 

HNO, 

2-35 

2*04 


243 

1-425 

0*292 

4*88 

H,CO. 

2-25 

2*02 


263 

i ’437 

0*376 

3*82 

HClOs 

— 

2*01 


273 

1-444 

0*460 

3*14 

H 4 pa 07 

2*22 

2*01 


273 

1-444 

0*397 

3*64 

HjCrO^ 

rgS 

I-S 3 

CiflHg 

... 223 

1-204 

0* 240 

5*39 

H2S3O3 

2*00 

1*83 


288 

1-336 

0*314 

4*25 

HaS 

1*62 

— 


318 

1-369 

0*326 

4*20 

HCl 

rS 9 

1*53 


33S 

1-382 

0*334 

4*13 


The values of f for a number of oxides are 
given in Table XXIV. 'p is highest for BaOg, 
Coa, and H3O which are composed of highly poly- 
merising elements. The addition of an atom of 
oxygen (MnO to MnOa) has the effect of raising 
p from 1*74 to 2*07. 


Table XXIV. 


Compound 

iCUaO 


ZAO 
HgO 

BaO. 

JAlaOa (corundum) 
lAlgO, (sapphire) 
SiOa (quartz) 
(opal) ... 
(Hyalith) 


A^olute 

Temp. 

St. 

Sols. 


308 

0*201 

0* n I 

r8i 

308 

0*243 

0*128 

1*89 

335 

0*490 

0*2439 

2*01 

308 

0-828 

0-312 

2*65 

330 

0*241 

0*1248 

1*94 

308 

o*o888 

0*053 

1*68 

330 

0*698 

0-2374 

2*94 

327 

0*475 

0*1976 

2*40 

326 

0-475 

0*2173 

2* 18 

308 

0*481 

0*186 

2*59 

309 

0*481 

0*185 

2*59 

306 

0*48 

0-1755 

2*73 

330 

0*366 

0*1716 

2*13 

305 

0* 190 

0-0894 

2*13 

330 

0*194 

0*0936 

2*07 

307 

o*o86 

0-0553 

1-56 

328 

0*2468 

0*1276 

1*94 

332 

0*1698 

0*0927 

1*83 

328 

0*105 

0*0609 

1*72 

309 

0*31 

0*177 

1*79 

30s 

0* 2662 

0*154 

1*72 

310 

0*166 

0-0894 

1*85 

329 

0'^75 

0*157 

1*74 

30s 

0-330 

0-159 

2*07 

305 

0*289 

0*156 

1*85 

30s 

0*3 

0-1565 

^•96. 

304 

0*472 

0-194 

2*43' 

308 

0*414 

0-178 

2*32 

309 

0-315 

0- 132 

2*39 

140 

0-606 

0-215 

2*82 

127 

0*413 

0-228 

I-8I 

S 3 

1*232 

0-146 

8*44 

140 

I'Sio 

0-285 

5*50 

225 

1*529 

0-463 

3*30 

273 

1*556 

0-504 



SiOa 

TiOa 
.SnOa 

JSnOa (tinstone) 

(PbO 
ASaOa 
iSbaOa 
iBiaOa 
CraOa 

iMoOa 
IWOa 
I MnO 
^IMnOa 
(FeaO, 
iFeaOa 

I MgAlsO^ (spinelle) 

CaSiO* (wollas- 

tonite) 

ZrSiO^ (zircon) 

COa 
SOa 
HaO 
HaO 
HaO 
HaO 

Ice will be about (HaO)ia at^he absolute zero. 

I intended in this article to ii^alce some reference 
tb the main group of organic? compoirf^^ brrt 
subject, though of great imjef’est, 
for. som?e_future ^ 




m Table XX"V* 
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To Calculate the Molecular Weight of a Solid 
Substance from its Specific Heat, 

By means of the specific heat the molecular 
weight of any solid substance (element or com- 
pound) can be determined with ease at any tem- 
perature without vapourising it. All that is neces- 
sary is a reliable knowledge of the behaviour of 
some pure solid which can serve as a standard. 
E.g., ice at 273° A. Now, 

TXs (calc. ) 

= 6*22 


R 

Tx:;^x^ (o1s.)=6*22 R 


-A* f Melticular Wei ght 
^^1 Formula Wt: of H3O 


X 3 


^^2 ^Melticulai^ Weight 
Average atomic weight 
of atoms present (=6) 

6TX3X •5=6'22XMelticular Weight. 
qT =6’22XMelticular Weight (i) 

For any other substance (^) whose specific heat 
isx) is known at T the formula becomes 
Wx X T X px X Sx =6'22X Melticuiar Weight, 
(2) where Vf x is the average atomic weight of 
atoms composing x. 

Dividing (2) by (1) 

“ W* X s* 

Thus, for any temperature, 

p constant, 

or, the he^t {i,e,^ the polmericular 

heatl ' of anSr element or compound at any tem- 
peraturbTs directly proportional to the number^of 
atoms present and is independent of their nature. 

Example, 

W'hat is the molecular weight of solid formic 
acid whose specific heat at 273® A is 0*4301^ \\ 

Here, Vfx = ^ * 

, . - ^ Sstr ^ 0*430 

^2-27 ' r 

Porp^ic acidj.at 273^ A is 
* lnetSb4 i of i^aol 

/ 1 ^ ' r i 1 ^ j if"! 

3- r i X 9 * W i ^ * 
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HOW COAL WASTAGE INCREASES 
TUBERCULOSIS.^ 

By W. H. CASMEY. 

We are using nearly 200 million tons of coal per 
year, 25 per cent of which is wasted by stoking at 
the wrong time and giving approximately 80 per 
cent more air than is required for economically 
burning the coal, and it is the effect of this excess 
air used which has such a disastrous effect both 
on human life and vegetation. 

Consider the earth as forming the base of a sea 
of air, the composition of which as before stated 
is 78 per cent nitrogen and 21 per cent oxygen and 
I per cent of other gases including i part of car- 
bon dioxide in 2500 of air, and that to maintain 
health this proportion must be maintained within 
a margin of 3 parts COa to 10,000 or air, in excess 
of normal conditions, say the maximum CO^ in 
10,000 must not exceed 7 parts. 

The area of the British Isles is 121,000 square 
miles, and to keep our figures small it is proposed 
to take one square mile as a unit and we find we 
consume 1612 tons of coal per year for each square 
mile and when using coal on scientific lines 29,000 
tons of air is required per square mile, say 845 
million cubic feet. The coal consumption in 
Wakefield is 22,000 tons per square mik, and in 
Bradford 37,000 tons. 

The atmosphere will absorb the carbon dioxide 
(CO2) in the gases and gradually diffuse it and so 
maintain the standard 4 parts in ro,ooo from 
which, as already inferred, vegetation is fed, but 
under general working conditions of 30 pounds 
of air per pound of coal the gases discharged into 
the atmosphere is 48,000 tons per square mile as 
against 29,000 tons, the result being that this over- 
charge which is accompanied by a large quantity 
of dust and products of imperfect combustion 
which fouls the atmosphere and does more in des- 
troying both life and vegetation than any other 
cause, and in our industrial centres the dust fall 
during the year ranges from 400 to 600 tons per 
square mile, whereas in the suburbs the deposit 
is less than 30 tons. 

Is there any wonder that under such conditions 
it IS next to impossible to grow either flowers or 
fruit in such areas. Two hours' sunshine is taken 
from us per day with such a mass of floating dust 
and the lungs of plant life are choked. Why.? 
Because we have not followed the Designer's law 
already given, and for these losses and annoy- 
ances we have only our stupid selves to blame. 

If we could follow in burning coal the same laws 
of proportion as used in all our works and fac- 
t^ories we could make no mistake, but the boiler 
house, the greenhouse and the house fires seldom 
receive any sensible consideration. 

^ Under normal conditions the whole of the blood 
in the human body is brought into contact with 
the air once joer minute, and the air we expire 
inay very well be considered as the smoke from 
the boiler furnace, as the law of combustion as 
already stated, applies to both. 

parallel goes still further, the safety valve 
01 the body is set at 98°, and no matter when in 
health if surrounded by air at 20 or 200°, the 
temperature of the blood never varies, in one case 
deeper breath ing is carried on, which supplies 

““ Wakefield" PsSTon 


more air to the body and therefore more heat is 
generated, and in the other case the heat escapes 
through the sweat glands in the form of moisture. 

We take in w^hen we breathe oxygen and expire 
CO2, but if the outside air already holds more CO^ 
than the standard i part in 2500, we are not main- 
taining the health of the body, as no matter how 
foul the air may be by which we are surrounded, 
we are compelled to breathe it. Here the senses 
of smell and taste cannot help us, whereas they 
enable us to reject impure food and drink. 

By great care in our drainage schemes and 
water supplies, typhoid and typhus fevers are now 
practically unknown, and as the greater number 
of diseases are air-borne, every care should be 
taken to- maintain a pure atmosphere, but what 
are we doing in this direction. The appointment 
of a smoke inspector appears to the authorities as 
the only thing necessary, but food and water in- 
spection are considered of vital importance, and 
so they are, but not more so than the air we are 
compelled to breathe. 

Let us now consider how an impure atmosphere 
affects us; take as an example one of our large 
s'chools acoommodating say 1000 scholars. 

In the act of breathing, CO2 is expelled from 
the lungs and to dilute the exi^ired air so that it 
contains not more than 7 parts of CO2 in 10,000 
of air, It is necessary to supply 3300 cubic feet 
of air per child per hour, or a total for the school 
of 3,300,000 cubic feet, so that impurities in the 
outside air are very much in evidence inside the 
school. 

The air supply to this school equals 100 tons 
of air per hour, and without mechanical m,ean§ it 
is not possible to secure it, and the result is, that 
as a rule, windows are opened and the outer air 
obeying the laws of gravitation merely falls 
through the windows, causing what we call 
draughts, resulting in colds to the youngsters near 
the windows, and even when the windows ate 
closed, the so-called draughts continue, caused by 
the quick transmission of heat through the glas^ 
w'hich is six times as rapid as through the walls, 
and every 10® fall in temperature increases the 
weight of a cubic foot of air i grain, the draught 
therefore is again a case of gravitatio'n due to heat 
transmission. 

We cannot burn coal to the best advantage with- 
out a proper air supply, nor maintain health either, 
and we have but few schools or public buildings 
in Yorkshire where anything like scientific venti- 
lation is in use, coal is wasted due to havng too 
great a supply of air, life is wasted by not having 
a sufficient supply. There is no wonder that 
schools are often closed for weeks together due 
to the outbreak of infectious diseases directly 
caused through lack of fresh air. There, no 
doubt, tuberculosis often originates. 

Every buildng should be so fitted up with heat- 
ing and ventilating plant that the correct tempera- 
ture and purity of air is maintained under all 
conditions and the ventilation such that the build- 
ing breathes in unison with the number of people 
occupying it, and it is only by^ adopting the lines 
thus indicated that tuberculosis can be stamped 
out. 

The late King Eward the VII., when addressing 
a conference on the subject of the fresh air cure 
for tuberculosis asked the pregnant question : “If 
preventable, why not prevented ?” And we still 
await the answer. 
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To' save coal we must burn it, the outside air 
will then be kept pure; to prevent consumption 
every building where people are gathered together 
must be made equal to a fresh air hospital by heat 
ing and ventilation. Our trams and railway 
carriages must carry the number of people they 
are constructed to carry, and no more, and w'hen 
we give the same attention to the air we are com- 
pelled to breathe as to our water and food supplies 
we shall have attained what has been attempted in 
a half-hearted way for many years; a kingdom 
tree from coal wastage and tuberculosis. 

In conclusion, let us draw the tangled cords 
together and we find a very simple problem. The 
law of combustion applies both to the human 
trame and the boiler furnace in one, oxygen is 
breathed in and CO3 breathed out. Plant life 
takes in COa, but breathes out oxygen; COj may 
therefore be considered as the link between the 
animate and inanimate kingdoms. 

By careless burning of our coal we discharge 
other gases than COa into the atmosphere and 
practically suffocate the weaker members of plant 
life, thus interfering both directly and indirecth 
with the Creator’s design. 

For months every newspaper has been giving 
' columns on national economy^ whatever that 
means, but little has been said of the foundation 
on which true economy is built. 

Dear coal means dear metal, the machines made 
froBQt these are proportionately dear, and so is the 
they ^sist in producing. The reason is, 
ecause the demand for coal has exceeded the 
supplies, and our coal exports have fallen. If 
we ail unite in using coal as it should be used, we 
should save 50 million tons per year; this would 
bring the supplies in excess of demands, with the 
natural results, easier prices; this would also 
enable us to again export more coals, thus bring- 
ing into our country cheaper produce, therefore, 
cneaper living, and the stability of the country 
would be in tne direction of pre-war conditions. 

The economy we require is not one made and 
practised in the House of Commons only, but 
made and practised daily in each one of our 
8,000,000 houses and 40,000 works, and the result 
of such economy ’would be “reduction in coal con- 
sumption,” “reduction of our death rate',” and 
further, a big reduction in the cost of living. 
Remeber the three “R’s” during 1921. 


PRESENT POSITION OF THE FINE 
CHEMICAL INDUSTRY. 

By C. A. HILL. 

The British fine chemical industry is to-day in a 
critical position-~a conditon resulting from a com- 
bination of oircumstances. According as the 
Government redeems its pledge or not, the indus- 
try can cither stabilise itself and become second 
to no other nne chemical industry in the world, or, 
alternatively,- will sink back into its pie-war con- 
dition, or something very nearly like it. 

The chemical industry consists of two parts : — 
(i) heavy chemicals; (2) fine -chemicals. The 
former has several main branches, such as the 
acid, the alkali, and the soap industries; all of 
these were well-developed and, well-organised 
British industries before the war^ The latter has 


very many branches, but none was well-developed 
before the war, nor was the industry organised. 
Dyes constitute a group of fine chemicals, so large 
and important that they are generally considered 
as a separate branch of chemical industry" ; 
actually, however, they cannot be thus divorced 
trom the rest of the fine chemical industry. Par- 
liament IS legislating for the dye industry ; it must 
also legislate for the remainder, and no short- 
sighted policy should be allowed to interfere in 
this important national question. 

Comparatively few people outside the profession 
of chemistry know what the fine chemical industry 
is ; still less do they know of its many and far 
reaching ramifications, by reason of which it is 
essentially and truly a “key” industry, and there- 
fore of vital importance to the national wellarc. 
Before the war even chemists, generally, had 
rather vague notions as to what precisely fine 
chemicals are. How often has one heard such 
loose expressions as “medicinal and fine chemi- 
cals’ or “fine chemicals and analytical reagents,” 
and the like Indeed, a notorious Board of Trade 
memorandum, born a little more than a year ago 
and now decently interred, made use of the expres- 
aioxi ‘analytical reagents and the following fine 
chemicals.” “Fine chemicals” is the term compre- 
hensive of all fine chemicals, and includes the 
various groups: — (i) laboratory chemicals 
analytical reagents and research chemicals) ; {2) 
medicinal (or pharmaceutical) chemicals ; (3) 

photographic chemicals ; together with other 
groups according to taste. 

It is now well known that whereas before the 
war the manufacture of certain fine chemicals was 
satisfactorily established in this country, m the 
large sense, the fine chemical industry was essen- 
tially German. There vras no organised industry 
and no organisation of manufacturers.^ To-day 
ttie tine Cfiemical Group o>f the Association of 
British Chemical Manufacturers is numerically 
the strongest and possibly the most active in the 
Association. 

The outbreak of war rudely awakened the 
country to the fact that fine chemicals are pro- 
ducts of national importance, and, incidentally, 
that war cannot be waged without them, so that 
many and many a substance which we had until 
then contentedly bought from Germany had to be 
manufactured hurriedly with inappropriate plant 
and almost regardless of cost. Some of these 
were wanted for the immediate purposes of war, 
others for the manufacture of munitions, yet 
o-thers for their medicinal properties. Arrange- 
ments prompted by the action of the Institute of 
Chemistry and the Society of Public Analysts were 
made for the supply of analytical reagents of 
requisite and known purity. More recently the 
manufacture of research chemicals has been 
systematically undertaken, and is now approach- 
ing a satisfactory condition. Good headway has 
been made by the makers of photographic chemi- 
cals, and also by those qf synthetic perfumes and 
essences. The manufacture' of medicinal organic 
synthetic products has made very considerabI4 
progress; those begun early have been improvM^ 
perfected, ^d stabilised; and many others Mhve 
been added or were in course of being a^cfed whe^i 
the present im^passe’^ ‘ It is much to be ^ 4 ' 
to say that we have never gone sh^rt bf^essent^&r^ 
.British manufacturers; have 
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,urn out products of first-rate quality. Economy 
>t manufacture, maximum yields, with corres- 
ponding reduction of costs, were following in due 
-ourbc, slowly, it is true, but nevertheless surely. 

Ro'ipe was not built iu a day. To train up an 
army of skilled organic chemical workers requisite 
Lu uie tine chemical industry is a matter of years. 

The British fine chemical industry — as we now' 
understand it — had to be initiated under war-time 
i.e,j the worst possible conditons. The early post- 
war period afforded manufacturers the first oppor- 
tunity to stabilise their immature efforts, but it 
was then that they experienced to the full the 
difficulties of obtaining plant and erecting build- 
ings, long delays and high prices being the promi- 
nent features. The efforts of the industry — a new 
one — to expand were hindered by the dead weight 
of the excess profits duty. Yet, despite all the 
enormous difficulties, progress on the whole was j 
really good until the Sankey judgment, like a 
bombshell, completely changed the situation. 
This, helped by the anomalous position of foreign 
exchanges, has led to the swamping of the market 
with German goods, a combination of circum- 
stances which threatens defeat unless the Govern- 
ment steps in promptly and redeems its pledge to 
protect “key’’ industries. 

Fine chemical manufacturers after very full 
consideration, have unanimously pronounced in j 
favour of prohibiting imports of tine chemicals j 
except under a systeirC of licences, which should 
readily be granted when British manufacturers 
are unable to meet genuine demands for essen- 
tial products. This, it will be seen, is precisely 
similar to the course it is proposed to adopt in the 
case of dyes ; a natural coincidence when it is 
borne in mind that the fine chemical industry and 
the dye industiy are indissolubly linked together 
and must inevitably go hand-in-hand. Indeed, 
one of the less obvious, but by no means negli- 
gible, features of the fine chemical industry is tnat 
It elaborates the otherwise useless by-products of 
the dye industry, thereby giving employment to 
thousands of men. Inciaentally, it affords a 
training ground for chemists, technical and indus- 
trial, which no other school can rival. 

An amendment to the Dyestuffs (Import Regu- 
lation) Bill was designed to exclude from the 
provisions of the Act ‘^synthetic organic products 
imported mainly for medicinal or surgical pur- 
poses.’^ This attitude on the part of some of our 
legislators does not augur well for the safe- 
gu<tj:aing of the organic chemical industry, nor 
for the future of the Empire. It is, indeed, a 
very short-sighted policy which seeks to gain a 
small, problematical, and temporary reduction in 
the cost of a certain number of medicinal sub- 
stances at the expense of losing an industry 
already half-established, and which if fully devel- 
loped would make the nation permanently self- 
supporting in the production of curative agents. 
Moreover, the Bill provides for the importation 
under licence of substances which cannot be pro- 
duced at home. It is this kind of opposition, born 
in ignorance and nourished in apathy, which con- 
fronts those who have the national welfare at 
heart It is to be feared that there are others re- 
maining in the background and doing their work 
covertly, who are directly concerned that England 
shall wt have a fine chemical industry, and who 


are doing all in their power to let her sink back 
to her pre-war dependence Upon Germany. 

The many uses of fine chemicals in* peace time, 
which justify so fully the claim of the industry to 
be regarded as a “key” industry, do not need to be , 
laboured here. Research chemicals for, 

universities and teaching institutions, together ' 
with analytcal reagents for the same purposes and 
for works’ laboratories, have already been , 

tioned. The importance of the industry to medi- 
cine and national health is not confined to the 
supply of synthetic drugs, but rests also upon the 
fact that the expansion of an organic chemical in- 
dustry is intimately ^sociated with developments 
in biochemistry and in the most modern methods 
of treating and preventing disease. 

It cannot be too frequently nor too cogently in- 
sisted upon that the nation which possesses fine 
chemical and dye industries possesses potential 
arsenals for waging war, so that the nation which 
does not possess them is ever at the mercy of 
nations which do. 

The present critical position of the fine chemical 
industry is largely due to the lack of confidence 
which manufacturers have in the Government. 
To-day it is not too late to save the situation; 
soon It will be. — Journal of Society of Chemical 
Industry J December 31, 1920. 


PROCEEDINGS OF SOCIETIES. 


FARADAY SOCIETY.. 

M ondayj December 13,. f 

Sir Robert Hadfield, Bart., F.R.S., President, 
was in the Chair. 


Dr. a. E. Oxley communicated and initiated dis- 
cussion on a paper presented by Prof. E. D. 
Campbell^ (University of Michigan), entitled, 
Voice Field Dissociation Theory of Solution 
Afflied to Some Properties of Steel” 

The author considers that understanding pf the 
properties of alloys has been obscured by ,the 'i^e 
of the ierm “solid solution” and by expressing 
constitution in terms of percentage weights. 
There is no essential difference between a liquid* 
and a solid solution, and the constitution of both 
should be expressed as molecular or atomic con- 
centrations per unit volume. 

The electrolytic dissociation theory in its usual 
form is inapplicable to alloys. The force field 
force field theory, however, put forward simul- 
taneously by Baly and the author is a modified 
form^ of It which is applicable to liquid and solid 
solutions alike. The assumption is made that in 
a molecule the electromagnetic force field asso- 
ciated with the constituent atoms is closed in the 
combination but in solution this force field is more 
or less^ opened out by the solvent, to an extent 
depending on concentration and composition. 
The reactivity of ions is due to the open force 
fields and not to the presence of electric charges. 
In the presence .of an impressed e.m.f. the re- 
sultant of the reactivity is electrical resistance in 
the case of metallic solutions, electrical conduct- 
ance in aqueous solutions. 

Dr. A. E. OXLEY considered that the field force 
theory alone was insufficient to account for the 
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properties of solutions, the conceptions of Arr- 
henius were also required, otherwise Bragg’s 
lattice structure did not apply. The union of two 
like atoms to form a molecule required that the 
electrons should be in ring or vortex motion or 
otherwise act as a magnetic unit or magneton. 
The Rutherford-Bohr, or “solar-system,” atom 
did not explain the diamagnetic or paramagnetic 
properties o-f matter. Dr. Oxley went on to ex- 
plain Langmuir's cube theory of atomic structure. 
His own theory might be supplementary to that if 
Langmuir's stationary electrons were^ made to 
describe a orbit or be vortical in character. 


Section 11, 

Data are collected showing the effects of various 
elements on the electrical resistivities of iron, 
nickel, palladium, platinum, copper, silver, gold, 
magnesium, cadmium, sodium, arid potassium. 
The atomic effects of the solutes are plotted 
against -the positions in the Periodic Table — the 
results bring out the general relationship that the 
atomic effect of a solute on the resistivity of a 
metallic solvent is large or small according as the 
solute is far from or near to the solvent in the 
Periodic Table. 


Th^ hoped Dr. Oxley's theory would 

prov^, to "explain the remarkable magnetic proper- 
ti^i of alloy steels and the phenomena of 
hardening. 

Dr. Oxley, in reply to a question, thought his 
conception could be made to fit in with spectral 
phenomena. 

^The Electrical Resistivity of Dilide Metallic 
Solutions” By A. L. Norbury, M.Sc. 

It is well known that the small quantities of 
imprities in solid solution cause a large increase 
in the electrical re|istvity of a pure metal. Data 
are collected shqwing the relative atomic effects 
of such impurities and a certain relationship 
bfpugit out by doing so. The paper 



Section 1, 

The general theoretic interpretation of data ob- 
tained by measuring the electrical resistivity of 
alloys is discussed. 

(a) In the case of duplex alloys in which the 
componet metals are mutually insoluble and cry- 
stallise sde by side each crystal grain may be con- 
sidered as a separate conductor. In so far* as the 
arrangement of the grans tend to be in the nature 
of conductors arranged in parallel the conduc- 
tivity will be a linear function of the composition. 
In so far as they tend to be arranged in series the 
resistivity will tend to be a linear function of the 
composition. 

(^) In the case of alloys which form a con- 
tinuous series of solid solutions the atomic effects 
of the metals on one another are approximately, 
represohted by the initial slopes of the observed 
cufvfs oti either side. 

{c) Rea^ps are - given for thinking that the 
initial additions of solute normally cause a lirid^ 
increase in the resistivity of the metallic solvent. 

temperature seems to affect the rekistivity 
of solid solutions as if it were nQ,ade up of two 
independent xjuantitks Of which the increased re- 
sistivity-— consequent on solid solution forma- 
tion — is very little influenced. 

{e) Cold-work and variations in grain size have 
relatively small influences on the resistivity in the 
case of pure metals. In the case of duplex alloys 
the grain size has an increasingly large injfiuenoe 
as the number of atoms forming the crystal 
daiies becomes^ comparable wt#-.tbe total number 
oC' atoms present- The falL ^ re&ti^ity conse- 
quent on tempering martensilSS iteel 
It is suggested that in'martfeh^te 
pr^nt-in & Mghly 

solutiem 


Section 111, 

In this section the results are discussed. 

(a) A comparison with the atomic volumes, in- 
trinsic pressures, electrical resistivities, thermo- 
electric properties and decomposition potentials 
of the elements^ concerned shows that no‘ne of 
these atomic properties can be directly applied to 
explain the results. It is suggested that the 
atomic effects are small when there is little elec- 
trical attraction between the atoms of solute and 
solvent and large according as the electrical atrac- 
tion between the two is greater. 

(b) It seems probable that in the dilute solutions 
quoted the atoms of solute are not associated. 

(^) Assuming, for example, the face-centred 
cube lattice in a dilute solid solution, a nat<^ of 
solute will be surrounded by twelve equidistant 
atoms of solvent and will not be attached to any 
one of these atoms in particular. It will, there- 
fore, exert attractive forces on the electrons of the 
surrounding atoms. 

{d) It is generally assumed that metals conduct 
the electric current by means of their “free^' elec- 
trons, the presence, theiefore, of forces restrain- 
ing the “free" electrons in solid solutions will 
account for their diminished conductivity. 


Annual, General Meeting^ December 13 , 1920 . 

The following Officers and Council were elected 
to serve for the cqming year : — 

President — Prof. Alfred W. Porter, F.R.S. 
Past-Presidents-^^ Swinburne, F.R.S., ^ir 
Richard Glazebrook, F.R.S., Sir Robert 

Hadfield, Bart., F.R.S 

‘ Vice-Presidents — ^W. R. Coqper, Prof. C. H, 
Desch, Dr. J. A. Harker, O.B.E^ F.R.S., Eynil 
' iJatschek, Prof. T, M. Lowry, Cf.B.E., F.R.S., 

J Dr. E. H. Rayner^ Dr. G. Senter. 
{J/mffi#»'^-.Roberl?L*Mp«id, R.R.S.E. 
SCotmcil^iyt A. J. Allmanfl, Dr. H. Boms, Prof, 
t W. C. McC. Lewis, Harold Moore, O.B.E., 

■ Prof. J. R. Partington, C. C. Paterson, O.B.E., 
Prof. A. O. Rankine,' Sir Robert Robertson, 
F.R.S., Sir T. Kirke Rose, Dr. W. Rosenhain,^ 
F.R.S. ^ ^ 

, In proposing a vote of thanks to the retirini|.' 

I President, Sir Robert Hadfield^ who had guiflei/ 
:the Society the w^le critical period Of 

'war, Prof; Porter referf^ to the growth th^ h^€l 
Taken place px thei Society’s work and in 
'tige dining that jferiod. ^ 'He temarko^ 
twenty-six Generjai IHsqussions r that , 
organi^.by the! Socie#, nwjy 
' oi>erMiq^ | 
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CORRESPONDENCE. 

THE PEOPLE’S UNION FOR ECONOMY. 

To the Editor of the Chemical News, 

SiRj — On July i6 last we wrote a letter on the 
extreme gravity of the financial position of this 
country, which you were good enough to publish. 
We were glad to observe the gradual awakening 
ot interest in this matter, and the attention which 
all sections of the community are beginning to 
pay to the critical state of affairs. In order to 
promote further the views we expressed in July 
last the People’s Union for Economy have now 
established their headquarters at i, King’s Build- 
ings, Millbank, Westminster, S.W. i. 

The People’s Union for Economy wull aim at 
keeping a watchful eye upon all Government ex- 
penditure with a view to directing attention ^ to 
overlapping and waste in the administrative 
sphere. For this purpose it will operate through 
a strong Parliamentary Committee including 
members of all parties and of both Houses of 
Parliament, and they will seek to co-operate with 
other Associations working for the same objects. 
The Central Office aims further at becoming a 
bureau of information where ail Parliamentary 
papers and estimates will be critically examined 
and filed for reference. It will be in constant 
tonch with commercial and industrial bodies, in- 
dividual economists and others in all parts of the 
country, with a view to providing the best possible 
material for criticism. 

It is obvious that an organisation of this kind, 
which we believe to be without parallel in the 
country, must rely for its development upon the 
support of the public, whose interest it is solely 
designed to serve. We therefore invite all those 
who agree with the views we have expressed to 
give us their support by joining the Union, and 
by supplying reliable information of any instances 
of public waste and extravagance. 

Forms of membership may be obtained on appli- 
cation to the Hon. Secretary, Mr. Leslie Hore- 
Belisha, i, King’s Buildings, Millbank, S.W.i. — 
W^ e are &c. 

Salisbury ’ C.'w. Bowerman 

Askwith J. W. Wilson 

Midleton Richard A. Cooper 

Emmott F. D. Acland 

Oswald Mosley Walter Leaf 

Godfrey Locker-Lampson Leslie Hore-Belisha 
Islington 


Mr. Eric Tomkinson makes the following addi- 
tion to his letter on ‘The Colour of Water’ in- 
serted in last week’s issue : — 

“It should be remembered that the molecular 
formula of water, determined from surface tension 
nieasurements, was found by Ramsay and Shields 
(Zeit. fhysikal Chem,^ 1893, xii., 464; Journ. 
Chem, Soc.j 1893, Ixiii., 1089) to be (H3OL at o°.” 


Halogen Derivatives of Lead and Thallium 
— They should, it appears, form well defined com- 
binations. By varying the ratio of the two com- 
pounds in a mixture of T 1 and Pb, in aqueous 
solution, M. Barlot successively isolated PbBr-, 
TiBr, PblaTl and i:eCY?hC\,^omftes Rendus\ 
October 21, 1920. 


r Chemicai. News 
L January X4» 


NOTES. 

Royal Institution.— On Tuesday next (January 
18), at three o’clock, Sir G. P. Lenox-Conyngham 
will give the first of two lectures at the Royal 
Institution on “The Progress of Geodesy in 
India”; on Thursday (January 20), Dr. Arthur 
Harden begins a course of two lectures on “Bio- 
chemistry (Vitamins)”; and on Saturday, January 
22, Dr. P. C. Buck commences a course of three 
lectures on the “Madrigal : Rhythm — Key — Tech- 
nique,” Wtth musical illustrations by the English 
Singers. The first Friday evening Discourse on 
January 21, will be delivered by Sir Frank Benson 
on “Shakespeare and Democracy”; and on January 
28 by Sir James Dewar on “Cloudland Studies.” 

^^20,000 FOR Industrial Harmony. — Of ^ the 
many New Year honours conferred by His Majesty 
none was more deserved than the Baronetcy 
bestowed upon Col. Sir Wm. Dupree, J.P., D.L., 
-who, early in the great war, foresaw that one of 
the greatest problems that would evolve from the 
conflict, and which would shake nations to their 
foundations, would be the question of relationship 
between employers and employed. Events that 
have happened in all countries of the world 
during the last twelve months have clearly pro*ved 
the wisdom of Sir Wm. Dupree’s judgment of 
what would be the trend in industrial matters. 
Serious though the situation has occasionally been 
in England, this country has happily been spared 
the terrors of civil strife, and it can with all 
deference be said of Sir Wm. Dupree, as of other 
like public-spirited men, that his hj^oad-^Wed 
munificence and indefatigable energy' have con- 
tributed materially to the factors which have 
enabled England as far to avoid the industrial 
rocks and snags on which she would undoubtedly 
have foundered. So keen was Sir Wm.. Dupree 
on what he felt to be his duty to his countrymen 
in this connection that in December, 1918, he 
approached the Rt Hon. G. H. Roberts, M.P., 
who was then President of the Industrial League, 
and placed in his hands for the use of the League, 
and without any reservations whatever, a cheque 
for £20,000. 

The Action of Copper on Moulds.— The exist- 
ing opinion in favour of the employment of anti- 
cryptogamic bouillies is based upon the theories 
of Millardet applied to hydrated copper oxide. 
Continuing the studies already submitted to the 
Academy, M. and Mme. Villedieu demonstrate 
that the metal Cu is not more toxic for Peronos- 
poacece than for moulds, and that vine stocks arc 
not protected against mildew, although sufliciently 
bathed with ammoniacal nitrate to find the metal 
m the ash from tissue of the leaves. Thus it 
seems possible to replace copper in the mixtures 
hitherto employed by some less expensive ele- 
ments. — Comftes Rendns^ October 18, 1920. 

Action of Selenium on Moulds— The experi- 
ments of Messrs. Nemec and Varchav K^s related 
to various varieties of Mucdiiiece sown in a 
Raulin liquid modified according to their specific 
needs and mixed' with seleniate of sodium. The 
influence of Se was especially notable with P. 
Roqueforiij but in the case P. Candidumj the 
metal apparentl^^^., becomes toxic when the per- 
centage exceeds a certain limit. — Commies 
RenduSj October 18, 1920. 


Conesfondence 
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Traces of Bromine. — The reaction proposed in 
1Q12 by Messrs. Denig^s and Chelle, according to 
the indications of Lebeau, is somewhat modified 
by M. Damiens, and sensitiveness becomes such 
that by a simple colorimetric method, after oxida- 
tion of iodine in form of iodic acid, it attains 
i/ 6 jOOOjOOO. — Comftes RenduSj October 20, iq2o. 




155373— Arrowsmith, H. T. — Manufacture of acid pots to be 
employed in the production of white lead. 

148579 — Sudfeldt & Co. — Process for obtaining the salts of sulpho 
acids and alkyl-sulphuric acids from acid resins. 

Abstract Published this Week. 

Mr C. J. Robins of Hull has obtained a Patent for means and 
apparatus for recovering the acetic acid, methyl alcohol, and acetone 
formed by the destructive distillation of wood in suction gas 
plants, No, 152420 The wash-water from the suction gas scrubbers 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W C. 2 ., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 


Latest Patent Applications. 

35853 — Fyfe, A. W. — Manufacture of i chlor-2-amino-anthraquinone 
Dec. 2ist. 

35876 — Rollason, A. — Production of Ammonia. Dec. 32nd. 

36081 — Starrels, J. — Process for producing fatty acids of high 
melting point, Dec. 23rdi. 

35970— Stockholms Superfosfat Fabriks Aktiebolag— Method of 
Manufacturing acetaldehyde from acetylene. Dec. 22nd 


Specifications Published this Month. 

A. — Production of ammonia. 

15531*9— Moore, T. S.— Reduction of substituted nitro compounds, 
nitroso, and aao compounds. 
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is passed over chalk or barium carbonate until a sufficient concen- 
tration of acetate is obtained, and at the same time the methyl 
alcohol and acetone are withdrawn by means of vacuum. The 
wash-water contained in the tank A is pumped into the vessel B, 
provided with a heating jacket, where it passes through lumps of 
calcium or barium carbonate, and overflows through the pipe bi 
into the vessel D, which also contains calcium or barium carbonate 
and IS fitted with a cooling jacket. The methyl alcohol and acetone 
are drawn off from the heated wash-water in the vessel B by means 
of the pump b into the condensing coil C. The liquid issuing from 
' the vessel D is pumped into the tank E, from which it can be run 
back to the scrubbers of the suction gas plant. The process is 
repeated until the content of calcium or barium acetate is sufficient 
to justify its recovery by evaporation. 

Messrs. Rayner &: Co., will obtain printed copies of the 
published specifications and forward on post free for the official 
price of r/- each. 


MEETINGS FOR THE WEEK. 


NOTICES. 


£I) 1 T 0 RIAL.-"A 11 Literary communications and Books, Chemical 
Apparatus, Ac., for review or notice to be addressed to the 
Editor. 

SUBSORlPTlONSy £1 12s. per annum, payable in advance, should 
he addressed to the Managi:r. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E*C.4, 


IDYERTISEMENTS. 

AU communications for this Department should be ad- 
dressed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E,C,4. 


Monday t January 17, rgai. 

Royal Society of Arts, 8. “ Aero Engines,” by Alan E, L 

Chorlton, 

Tuesday, January 18, 

Royal Institution, 3. “The Progress of Geodesy in India,” by 
Col. Sir Gerald P. Lenox-Conyngham. 

Society of Chemical Industry, (At Edinburgh). 

Mineralogical Socie'ty, 5.30. “The Olivine Group,” by A. F. 
Hallimond, *‘A method of rock-analysis diagrams based 
on statistics,” by W, A Richardson. ” Identity of Trechmann’s 
with Stannous sulphide,” by L. J. Spencer, 
“ Linarite, Caledonite, and associated minerals from 
Cumberland,” by G. F. Herbert Smith. “On the Adare and 
Ensisheim Meteorites,” by G. T, Prior. 

Institution of Petroleum Technologists, 5.30. 

Wednesday, January 19, 

Royal Society, 4.30. “The Magnetic Mechanical Analysis c/ 
Manganese Steel,” by Sir Robert Hadfield, S. R. Williams 
and 1 . S. Bowen. “ A selective hot Wire Microphone,*' by 
W,’ S. Tucker aud E. T. Paris. ** Siren Harmonics and a 
pure tone Siren,” by E. A. Milne and R, H. Fowler, “On 
the Design of Diaphragms capable of continuous Tuning,” 
by Prof. L V. King. 

Royal Society of Arts, 4.30. “ The Future of Industrial Manage- 
ment,” by F. M. Lawson, 

Royal Microscopical Society, 8. 

Thursday, January 30. 

Royal Institution, 3. “Biochemistry (Vitamins)," by Dr. Arthur 
Harden. 

Institution of Mining and Metallurgy, 5.30. 

Chemical Society, 8. 

Friday, January 21. 

Royal Society of Arts, <(.30. “ Indian Timbers,” by R. S. Troup. 

Royal Institution, 9. “Shakespeare and Democracy,” by Sir 
Frank Benson. 

Saturday, January 22. 

Royal Institution, 3. “The Madrigal— (i) Rhythm,” by Dr, 
Percy C. Buck. 


PATENTS, TRADE MARKS. 

and advice free— B. T. King, British and U. S. Regd. P^t®f 
Attorney, l 46 a, Queen Victoria St,, London. 35 years reference 

COVER S FOR Bin ding. 

Cloth, Gilt-lettered, Covers for binding the Half-yearly 
Volumes of the 

CHEMICAL NEWS 

may now be obtained. Price 2/- each {post free 2/3). 

Volumes bound in Cloth Cases, Lettered, and Numbered 
at 35. per volume. 
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STRONTIUM SULPHATE 
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'PHE BRISTOL MINERAL and LAm 

COMPANY, Ltd., are Owners of large deposits, and invite 
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THE STORING OF LIGHT. 

(A Historical Review of Inorganic 
Phosphorescence. ) 

By J. FREDERICK CORRIGAN. 

No department of history can offer a more 
peculiar and fascinating ^ study than that which 
deals with the introduction of mankind to the 
natural phenomena, and which traces the early 
struggles and progress of a crude science founded 
on mystery and superstition, towards the elucida- 
tion of the problems of nature. The histories and 
legends of kings and princes, fair maidens and 
chivalrous knights, of fearsome monsters and en- 
chantments give, it is true, a thrill of pleasurable 
excitement to the reader, but in all of them some- 
thing is lacking — an undefinable something which 
is ever present in the romance of the eternal quest 
for truth. A romance, however, which under cer- 
tain aspects is pathetic, tinged with sorrow and 
with blighted hopes; a story of the struggles of 
early man against darkness and mystery, and with 
the crude ineffective tools of^ his own for^ng. 
Every new idea, every newly-discovered fact is an 
additional step forward along the lonely tortuous 
road which marks the path of science. But at what 
cost is each advance made? At the expense of 
almost Herculean effort, heroic self-sacrifice, and 
untiring devotion. 

Phosphorescence, as a natural phenomenon, is 
widespread. It occurs in various guises, both in 
the living and in the mineral world. Its first 
introduction to mankind would most probably take 
place in the remote age when some poor rude un- 
civilised^ man was first frightened out of his wits 
on noticing the luminous appearance of decaying 
aniinal matter. This phenomenon he would 
ascribe to the of the animal rising forth to 

reveal itself to him, and subsequently lumines- 
ence would always be associated with the super- 
natural.* A phosphorescent object would be re- 
garded as being 

“Luminous, gemlike, ghostlike, deathlike.”t 

In the same way, the first prehistoric savage, 
who, on dipping the oar of his primitive canoe 
into the placid tropical waters and finding that it 
emerged irridescent, shining with a pale ghostly 
light, would doubtless have had the phenomenon 
of pnosphorescence very forcibly impressed upon 
him. And then, as time went on, luminous flying- 
insects and beetles would be noticed, although as 
yet fire would be an unheard-of thing. Needless 
to say, these insects would be invested with a soul 
and would be preserved as sacred. 

This is borne out by the fact that the earliest 
records of phosphorescence occur in the early 
Eastern manuscripts, where reference is made to 
the sacred insects of the Temple, which in the 
darkness shone with a light of their own. Biblical 
allusions to gems which shine in the dark may 
also occasionally found.' ^ 

* Even at the present time, * ‘apparitions” are iiivariahly associated 
with luminous phenomena. 
i Tennyson; “Maud.” 


Pliny was acquainted with the luminous appear- 
ance of decaying animaf and vegetable matter. 
He also refers to certain precious stones which 
shine in the dark. It is customarily supposed, 
however, that apart from these few observations 
of Pliny, the phenomenon of phosphorescence did 
not attract much attention until the mediaeval 
discoveries of the various “phosphoruses.” It is 
more probable that the 16- 17th century discoveries 
of the phosphorescent alkaline-earth sulphides 
were merely rediscoveries of facts known lo-ng 
before the Christian era. Such circumstances are 
not wholly unknown to science, 

A strong point in favour of this view is found in 
Berthelot’s discovery in certain 13th and 15th cen- 
tury manuscripts of various translations of Greek 
alchemical writings. Amongst them, Berthelot 
found recipes explaining methods of “colouring 
artificial precious stones, emeralds, carbuncles, 
hyacinths, according to the book taken from the 
shrine of the Temple.” The authority of several 
alchemical writers is quoted, including Agatho- 
demon, Democritus, and Ostanes, and a close 
study of the writings leaves no doubt as, to the 
acquaintance of the ancients with methods by 
which stones could be rendered phosphorescent 
simply by coating them with a thin layer of a 
substance already phosphorescent. 

Further evidence may be also obtained from Livy 
(xxxix., 13) : “Matronas Baccharium cum arden- 
tibus facibus decunise ad Tiberium demissoque in 
aquam faces, quia vivum sulphur cum caloe insit 
intergra flamma efferre.” 

Which, with a certain ease of translation, may 
be rendered : “The Bacchantes would run down 
to the Tiber with burning torches, and plunging 
them into the water, would take them out with 
the flame unextinguished because they were 
covered with a mixture of living lime and 
sulphur.” 

Thus it is apparent that even the phosphores- 
cence of calcium sulphide was known centuries 
before it was “discovered” by Marggraf in 1750. 

Passing rapidly over a gap of nearly a thousand 
years, during which time the knowledge of phos- 
phorescent substances appears to have been com- 
pletely lost, we find at the beginning of the i6th 
century, Benvenuto Cellini in his “Art of 
Jewellery” putting on record the fact that some 
precious stones had been observed to shine in the 
dark; alsO' the observation of Albertus Magnus, 
that diamonds when moderately heated, Jbecame 
luminous. 

However, the first discovery which attracted the 
then rising scientific attention was that of Vin- 
cenzo Cascariolo, a cobbler of Bologna, who, in 
1639 (according to some authorities, 1602) noticed 
that when a particular kind of earth found in the 
neighbourhood was heated in a certain manner, 
it acquired the remarkable property of emitting 
a soft, ghostly light after a certain amount of ex- 
posure to the rays of the sun. This substance 
was called by its discoverer lafis Solaris^ and on 
account of its power of attracting and storing up 
the golden rays of the sun, it was considered hT 
Cascariolo to be nothing less than the long 
for Philosophers Stone. The Bologna Stone ’^s 
treated as a ^ discovery of the grea|^^ Ipjpott 
Learned treatises where written on the subject % 
the philosophers of the day, ampngst^ whom 
F, hlcetus^ a pro^fessor o| philosophy^ 
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Celias, Potterius, and Kircher. Frequent attempts 
at its chemical analysis were made ; speculations 
as tO' its nature and origin were entertained, but 
with little success. Science was not yet sufficiently 
free from the fetters of alchemy to enable any 
real progress to be made. 

About this time (1609), Brandt of Hamburg had 
discovered phosphorus, by distilling a mixture of 
concentrated urine and sand, at a red heat. Being 
the possessor of business instincts as well as of 
alchemical attainments, he jealously guarded the 
secret of the preparation of the Phosphorus 
iMtrabiliSj and it was only after some time that he 
sold the secret to Krafft for a considerable sum 
of money. Krafft brought the phosphorus over to 
England, where the specimens exhibited created 
an enormous sensation. A new zest was added 
to the production of phosphorescent bodies, and the 
secret of the preparation of BrandVs Phosphorus 
was much sought for. Eventually, however, 
Kunkel (1678) and Boyle (1680) succeeded in 
effecting a preparation by means of methods 
similar to that of Brandt. 

Boyle was also attracted to the study of other 
forms of phosphorescence. He had observed that 
diamonds gave out light when heated or rubbed, 
and in 1663 he investigated the phenomenon of 
the phosphorescence of decaying organic matter. 
Beccanus also made a searching examination of 
various substances, and he claimed to have found 
that “almost everything in nature imbibes more 
or less light, ^ and emits it again in the dark.” He 
divided bodies into several classes as they were 
phosphorescent “with or without preparation.” 
Almost all vegetable and animal substances, when 
perfectly dry, he considered to possess^ this pro- 
perty, which was particularly well exhibited in the 
case of paper. 

In 1677, G. A. Baldwin, of Misnia, whilst en- ; 
gaged in a search for the Philosopher’s Stone, 
discovered that the product obtained by dissolving 
chalk in nitric acid, shone brightly in the dark, 
after exposure to sunlight for a few minutes. 
Great interest was again aroused by this discovery, 
and Baldwin, who was formerly a bailiff, found 
himself suddenly raised to the rank of an 
honoured philosopher. In a letter to the Royal 
Society {Phil, Trans, ^ 1676, ii.), he says : “This 
phosphorus contains the real spark, yea the most 
secret soul of the fire and light of nature, and 
consequently the innate and invisible fire of the 
philosophers 5 attracting magnetically the visible 
fire of the sun, and afterwards emitting and diffus- 
ing in the dark, the splendour of the same.” 

The discovery of Baldwin’s phosphorus was 
particularly w^elcome, as the preparation of the 
Bolognian stone had been kept more or less secret. 
The new discovery, however, threw some light on 
the matter, and it was followed some little time 
afterwards (1764) by the discovery of Cantoris 
phosphorus. Canton prepared his phosphorus by 
calcining oyster shells with sulphur, and it is to 
his credit that he was really the first who 
' attempted to systematically investigate the pheno- 
menon. He found that the phosphorus could be 
made to shine by heating it, after its spontaneous 
phosphorescence had ceased. He devised experi- 
ments whereby the intensity of the light which ex- 
cited the phosphorescence could be compared, and 
he also noted that the phosphorescence took place 
equally readily under alcohol or ether, but that 


water appeared to have some action on the 
substance. 

On the analysis of Bologna* stone and its identi- 
fication as a sulphide of baiium by Marggraf 
(1750), and because of the progressively increasing 
scientific methods displayed in investigating the 
phenomenon, the preparation of phosphorescent 
substances became more frequent, and many were 
the uses to which these bodies were put. Horn- 
berg^s phosphorus (CaCb) w^as sold in phials and 
used for illuminating the dials of watches and 
timepieces in the dark. Celestial objects, such as 
Saturn and his ring,* the phases of the moon, «Src , 
were represented by cutting the object in wood and 
smearing the surface of it with a paste composed 
of equal paits of the white of an egg, and 
(Canton’s Phosphorus) (Priestley’s “History of 
Light and Colours,” 1772). 

In addition to the phosphorescence of the 
alkaline-earth sulphides, by means of which the 
sun’shays were seemingly absorbed and stored up, 
other types of phosphorescence began to be dis- 
covered. Reference has already been made to 
Boyle’s observations on the phosphorescence of 
diamonds when heated or rubbed. ^ In 1705, 
Francis Hawkesbee observed that friction between 
two glass surfaces “in common air, in the vacuum 
of an air pump, or under water” produced “a very 
considerable light.” Du Fay noticed that some 
substances “shone with unusual splendour while 
they were dissolving, and thereby heated, in 
water : but this did not continue long.” D. Hoff- 
man discovered that certain felspars were lumi- 
nous when rubbed together, and Pott added flints, 
certain crystals, and porcelain to the list of sub- 
.stanccs which gave out light when rubbed. 
Thomas Wedgwood, however, is generally 
Cl edited with the discovery of “Luminosity by 
Attrition.” In an extended paper on “The Produc. 
tion of Light from Different Bodies, by Heat and 
Attrition {Phil^ Trans, ^ xvii., 128, 215), he 

separated substances into : — 

[a) Bodies giving out light on warming. 

\b) Bodies evolving light on attrition. 

With regard tO' the former class, he found that the 
substances were by far the most luminou& when 
they were first heated; that the duration of the 
light produced varies to a large degree^ in some 
cases being almost momentary, and m others 
lasting for several minutes. Bodies of the latter 
class he found to be only luminous when rubbed. 
As soon as the rubbing was discontinued, the 
luminescence disappeared. Wedgwood was also 
the first to point out the yet unexplained fact that 
bodies emit a peculiar odour on attrition. He 
found it to be most persistent when the friction 
was greatest, and also to be independent of the 
light produced, as it was often present when the 
light emitted was practically nil. 

But here we must diaw a close to this brief 
sketch of luminescence throughout the ages. 
After the time of Wedgwood, the chain of obser- 
vations and discoveries, never markedly coherent, 
becomes hopelessly broken and entangled in the 
oncoming tide of the scientific revolution which 
began about this period. In conclusion, however, 
a few remarks on the early theories of phosphor- 
escence may be opportune. 

Evelyn in his “Diary” (1650) refers to phos- 
phorescent powders and preparations as a means 

* Only one ring was known at this period. 
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uf ‘‘bottling up sunlight” This observation, pro- 
bably^Ngiven out with cynical intent, contains the 
gist of most of the early theones, and even now 
there remains much to be said in favour of it 
Phosphorescent substances or “light magnets” as 
they were often called were considered to act as 
veritable light-accumulators ^ rai^idly absorbing 
lightj and afterwards emitting it gradually when 
placed in the dark. Priestley, in his “History of 
Light and Colours,” says : “The hypothesis of the 
materiality of light is peculiarly agreeable to the 
phenomena of the Bolognian Stone, which has 
the remarkable property of imbibing light, of re- 
taining It for some time, and of emitting it again ; 
and more especally by its emitting it more 
copiously according tO' the degree of .heat applied 
to It.” ^ 

Not all the early experimenters agreed with 
this type of theory. On the other hand, Kircher 
put forward a theory in which he supposed that 
the air “abounds with a subtle vapour which is 
very easily illuminated.” The phosphorescent 
substance absorbed this vapour (and presumably 
the illumination also) and gradually evolved it in 
the dark. But the theory of Kircher and similar 
ones however, were regarded as fantasies, and 
only the speculations based on the material nature 
of light made any progress — that is, if chemical 
theones did progress at all, in those days. 

It is not within the scope of this article to enter 
into the modern theories of luminescence. Suffice 
it to say that they are all highly problematical 
and delightfully at variance with one another. 
Probably, however, in view of the modern ten- 
dency towards a material or semi-material con. 
ccption of light and heat w^e may witness at some 
not long-distant date the absorption of all these 
varying and antagonistic hypotheses into one 
general, revived, and modified theory of The 
Storing of Light. 


THE CHEMISTRY 

AND CRYSTALLOGRAPHY OF SOME 

FLUORIDES OF COBALT, NICKEL, 
MANGANESE AND COPPER.* 

By FLOYD H. EDMINSTER and HERMON C. COOPER. 
hitroduction. 

The fluorides of the bivalent heavy metals such 
as cobalt, nickel, and copper, have never been 
fully investigated, neither have their composition 
and crystalline forms, including isomorpho-us re- 
lations, been satisfactorily established. An ex- 
amination of the description of these compounds 
in the handbooks {e.g.^ “Gmelin-Kraut”) leaves 
one in doubt as to the facts and relationship. 

In 1824 Berzelius (Berzelius, Pogg. L, 

1824, p. 28; A 7171 . chim. fhys.j [2] 1823, 

xxiv., 61) prepared the fluorides of cobalt, nickel, 
and copper, and regarded them as so similar that 
he described them together. “If the carbonate (of 
the metal) is treated with hydrofluoric acid, it 
will dissolve with effervescence, but soon a salt 
IS precipitated as a heavy powder. If more and 


*A more detailed account of this work was submitted to the 
Faculty of the Graduate School of Syracuse University by Floyd H. 
Edmmster in May, 1918, in partial fulfilment of tne requirements 
for the degree of Doctor of Philosophy. 


more of the carbonate be added, the effervescence 
continues, but the salt already formed decom- 
poses, especially if warmed, and there results a 
pulverulent basic salt. If the addition and de- 
composition of the carbonate be stopped before 
this salt (powder) forms and the solution be 
evaporated, there separates out a crystalline 
crust. ... In this process there is given off the 
excess O'f acid which the dissolved salt contains. 
If the crystallised salt be covered with a very 
small amount of water and the mixture be allowed 
to stand for a long time at room temperature, 
there results a saturated solution which wull de- 
posit these same crystals on evaporation. If, 
how^ever, the mixture is heated to boiling with 
much water, decomposition occurs, pait of the salt 
dissolving in the liberated acid and another part 
remaining undissolved as a basic salt.” 

Berzelius selected the copper salt foi anlysis, 
and found that on heating it with lead oxide there 
were given off tw^o molecules of water, not in the 
least acid. The green pulverent salt resulting 
from the decomposition of the neutra Isalt by 
boiling water proved, by the same method of 
analysis, to be basic salt of the formula 
CuO.CuF3.HaO. 

The three metals, cobalt, nickel, and copper, 
were thus regarded by Berzelius as forming en- 
tirely analogous fluorides; a crystallised normal 
fluoride, MF2.H3O, and an amorphous basic 
fluoride. 

About fifty years later, F. W. Clarke (Clarke, 
Am. Chem. Journ.^ 1887, xiii., 290) described the 
preparation of a supposedly new fluoride, made 
by evaporating a solution of nickel hydroxide in 
hydrofluoric acid, whereby a crystalline crust is 
formed. The analysis of this crust gave the 
formula, NiF2.3H30. 

In 18S4, Balbaino (Balbaino, /. Chem. 
Soc.j 1B84, ii., 1264) stated that he prepared the 
hydrated cupric fluoride (CuF3.2HaO) of Berze- 
lius by dissolving copper carbonate in hydro- 
fluoric acid and adding 95 per cent alcohol, which 
precipitated a pale blue crystalline i>owder. 

Poulenc (Poulenc, Cornet. Rend._, 1892, cxiv., 
1426; Ann. chim, fhys.^ [7] 1894, ii., 47; Ber., 
1S92, XXV., R. 662) is credited with the first des- 
cription of the anhydrous fluorides. They are 
only of incidental interest to us here, but it may 
be noted that, according to Poulenc, the anhy- 
drous nickel fluoride is formed as an amorphous 
yellow powder or as green crystallised prisms 
The anhydrous cobalt fluoride is either a rose-red 
amorphous powder or red prismatic crystal. 

In 1905, Bdhm (Bbhm, Z. anorg, Chem.j 1905, 
xliii., 330) reviewed the work on the fluorides of 
the heavy metals, called attention to the lack 
of accurate inevstigations of well-crystallised 
material, and prepared, along with several other 
complex fluorides, the acid fluorides of cobalt, 
nickel, and copper. He stated merely that he 
obtained these by dissolving the freshly precipi- 
tated hydroxides or carbonates of the metals in 
hydrofluoric acid and concentrating until crystals 
appeared. His cobalt and nickel fluorides are^ 
describe as, respectively, red and green prisms, 
having similar form and composition. They are 
stable in the air and easily soluble in water and 
dilute acids. The metal "was determined by elec- 
trolysis from a sulphate solution, the fluorine by 
heating the salt with pure Iceland spar and the 
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water by heating a mixture of the salt with lead 
chromate in a combustion tube. Bohm found the 
copper-fluoride crystals to be different from the 
others ^ in that they soon lose their water of cry- 
stallation in the air and that they decompose 
completely when heated in a closed tube, water 
and hydrogen fluoride escaping, while copper 
oxide remains. In the case of copper fluoride the 
fluorine was determined by neutralising with an 
excess of sodium hydroxide and titrating back 
with standard hydrochloric acid. The formulas 
assigned by Bohm for these fluorides are of a 
strongly acid fluoride type. 


Purpose of the Investigation . 

It is hardly possible that the conclusions of 
Berzelius, Clarke, and B6hm can all be correct, 
since all of them offer different formulas for salts 
prepared by methods which should yield the same 
type of fluoride for a single metal. It is reason- 
able to suspect that the old master, Berzelius, 
drew too hasty conclusions from his brief experi- 
ments. 

Notwithstanding the slight experimental foun- 
dation on which the existence of the normal 
fluorides is based, one is inclined to prefer a 
normal salt formula to an acid salt formula for 
a halide obtained from the hydroxide or carbonate 
and acid, because it is in this way that the most 
familiar normal chlorides and bromides are pre- 
pared. 

We have undertaken a combined chemical and 
crystallographic study of these fluorides, not 
merely to ascertain the facts in question, but to 
see whether an isomorphous series is involved. 


Preparation of Materials. 

The following general methods were investi 
gated, (i) Treating the hydroxide of the meta 
with an excess of hydrofluoric acid. The exces 
IS necessary for avoiding the formation of th 
• pecomposing the carbonate wit] 
hydrofluoric acid. In either of these cases th 
resulting solution is evaporated until crystal 
appear. Both methods yield satisfactory results 
( 3 ) Dissolving” the metal in hydrofluoric acid 
in most cases the action was so slow that only ; 
very small concentration could he obtained. (4 
^ ^ acetate) wit] 

Double decomposition o 
an alkali fluoride and a salt of the metal. A com 
plex fluoride resulted. 

n1 ® ordinarily em 

ifloyed. The hydroxides were precipitated fron 
the acetate solution with sodium hydroxide th 
precipitate being washed repeatedly by decanta 

Xhallin With phenol 

shirf* "’ashing must be very thorough 

g?wdilv ® An hydroxide adsorbs the alkal 
greeauy. An excess of alkali was avoided an^ 

heated in an excess of wate 

filter 

‘ h^diofluonc acid in a platinum basin an 

So a waTbonI ^ waffunne 

evaSrated^'fn'f 5 should b 

evaporated in a vacuum dessicator over sulnhuri 

acid until crystals appear. Attempts to foHm 


this procedure resulted in the formation, not of 
crystals, but of a crystalline crust on the sides 
and bottom of the container and an arborescent 
creeping growth extending often over the sides 
of the vessel. The walls of the container and the 
dessicato-r were bedewed with a strongly acid 
solution, which was not absorbed by the sulphuric 
acid. If the evaporation took place in the open 
air, the crust was drier and harder and more 
difficultly soluble. 

Under the microscope this crust looked different 
according to the conditions under which the 
evaporation took place. In some cases the crust 
was only a mass of nodules, while in others it 
appeared to be a mixture of amorphous material 
and of small but fairly definite crystals. In the 
case of copper the crust was, fortunately, almost 
wholly crystalline. 

In view of the fact that the anlyses of Berzelius 
and Clarke were made on material prepared in 
this way, special attention was given to preparing 
a product which could be regarded as suitable for 
analysis, but examination with the petrographic 
microscope showed the preparations — ^except in 
the case of the capper salt — to be either amorphous 
and of indefinite water content or mixtures of 
amorphous and crystalline material. Analses of 
these^ products were made and indicated roughly 
a ratio of cobalt or nickel to fluorine of i : 2, but 
the character of the cn^stals was too indefinite to 
warrant careful investigation of their composition. 

Re crystallisation. — If this crust is placed in 
about an equal weight of water, the crystalline 
portion can be seen to dissolve out, while the 
amorphous portion remains. If the amount of 
water is increased and the temperature raised, all 
of the material dissolves. Except in the case of 
cobalt no well-defined crystals, capable of 
measurement, were obtained from the original 
solution of the hydroxide in hydrofluoric acid. 
All of the crystals used for analysis and measure- 
ment have been obtained from-^twr "“water extract 
of the crystalline crusty extract being allowed 
to evaporate slowly^Jm the air. Even then some 
of the crust is nearly always formed around the 
crystals and a^ccond recrystal lisation is necessaiy 
to free therp entirely from the crust. Each re- 
crystallisatioP reduces the acid concentration until 
in the third is practically negligible. 

We hesitated to recrystallise from pure water 
because of the possibility of hydrolysis and, par- 
ticularly, because of the possible loss of acid in 
case^ the salts should be acid fluorides, as o-ur in- 
vestigation as w^ell as Bdhm’s disclosed. Contrary 
to expectations, the proportion of amorphous 
material lessened, rather than increased, with de- 
creasing acidity, indicating that it is not a basic 
salt. The acid concentration, however, appeals 
to control the -equilibrium involving the crystal 
and amorphous phases. 

Preparation of Cohalt Fluoride. first pre- 
paration of cobalt fluoiide was by treating the 
hydroxide with hydrofluoric acid. Because of the 
tendency of the cobalt (ous) hydroxide to oxidise 
in the air during the long washing process to 
cobaltic hydroxide, wihch is insoluble in hydr- 
fluo-ric acid, we generally used the carbonate in- 
stead It is permanent in the air, filters more 
quickly and is more easily washed. It is how- 
ever, less soluble than the cobaltous. hydroxide 
To be sure, the carbonate, when added to the 


Fluorides of Cobalt^ Nickel, Manganese, and Coffer 


hydrofluoric acid, is decomposed as long as there 
is any acid present, but, as Berzelius stated, there 
is precipitated a fine rose-red powdery which is 
dissolved only upon the addition of more acid 
and water. 

The original solution was evaporated on a 
water-bath until solid appeared, whereupon it was 
removed to a heat-insulated box of the Swedish 
box, or flreless cooker type, and allowed to cool 
slowly. No crystals formed. Even after stand- 
ing in the box until half of it had evaporated, the 
solution continued to yield a brittle crystalline 
crust, the last portion being the same as the first. 

The next trial was made in the open air, using 
the mother liquor from this crust, but no real orv- 
stals were obtained. The same method was tried, 
starting ivith a dilute solution and allowing it to 
evaporate slowly at an even temperature, with no 
better results. Bohm’s method of letting stand 
in an evacuated dessicator over sulphuric acid 
was then tried. The evaporation proceeded 
slowly because, as stated above, the escaping 
vapour was not absorbed by the sulphuric acid 
but condensed upon the inner wall of the dessica- 
tor. Solid fluoride formed upon the sides of the 
basin and then crept over the edge. Under the 
microscope this crust appeared to have no crystal 
form and no definite composition. 

The cobalt fluoride crust, however formed, is 
slowly soluble in very dilute hydrofluoric acid. 
For this reason a few drops of hydrofluoric acid 
were added to the water on dissolving. Upon 
evaporation the same results were obtained as in 
the first evaporation. Since the crust appeared to 
consist of more than one form of material, differ- 
mg in solubility, a comparatively large amount 
was treated with a small quantity of water and 
warmed. The filtered solution upon standing for 
six hous began to deposit crystals which, though 
accompanied by crust, were sufficiently distinct 
from it to be separated mechanically. "W hen these 
crystals were recrystallised from slightly acid 
water, very clean, well-defined crystals were 
obtained. 

Preparation of Nickel Fluoride. — For the pre- 
paration of nickel fluoride either the hydroxide 
or the carbonate may be used, since the hydroxide, 
unlike that of cob^t, is stable in the air. The 
first product wa^ a crystalline crust, as for cobalt. 
The crust forming on the surface of the evapor- 
ating solution is identical in appearance under 
the microscope with that deposited oh the bottom. 
Satisfactory crystals were obtained in the same 
way as for cobalt, the cleanest ones resulting 
from a second recrystallisation from water. 

Preparation of Manganese Fluoride. — Of all the 
fluorides investigated that of manganese is the 
most difficult to prepare. The hydroxide is less 
stable in the air than that o-f cobalt; so that, be- 
fore it can be thoroughly washed, much of it has 
become insoluble in hydrofluoric acid ; but a more 
serious difficulty is the comparatively slight solu- 
bility of the manganous hydroxide in hydrofluoric 
acid. The carbonate likewise dissolves only to 
about 10 per cent; further addition of the car- 
bonate produces a marked effervescence and the 
precipitation of a fine powder, which does not 
dissolve upon the addition of more acid and water. 
The solution of the fluoride is consequently very 
dilute. ' ' 
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If the manganous fluoride solution be heated 
on the water-bath, the fluoride precipitates as the 
powder, so that all evaporation must be done at 
room temperatures, requiring on the average six 
weeks to produce crystals. The crust also forms 
as in the case of cobalt and nickel, but decom- 
poses when digested with water. We attempted 
to obtain manganese fluoride by dissolving the 
metal in hydrofluoric acid, but obtained only man- 
ganese dioxide, which was formed by an un- 
usually vigorous reaction between the metal and 
acid. 

Preparation of Copper Fluoride. — For ^ the 
preparation of copper fluoride the hydroxide is^ to 
be preferred to the carbonate, since the hydroxide 
reacts faster with hydrofluoric acid. Although it 
forms a basic salt upon standing in the air, the 
product is soluble in more acid. If the copper 
fluoride solution be evaporated slowly, small 
irregular blue crystals form on the bottom of the 
basin ; while, if the evaporation takes place on 
the water-bath, the fluoride appears as a clear 
crystalline crust of constant composition. Both 
the small crystals and the crystalline crust were 
free from the granular, amorphous material so 
persistent in the deposition of cobalt and nickel 
fluorides. They were regarded as sufi&ciently well 
defined for analysis. The analyses showed 
two products to be identical in composition, viz. 
to be a normal fluoride. 

These normal fluoride crystals are difficult^ 
soluble in water, a white coat forming upon the 
surface. If an excess of water is added and the 
solution is heated, the filtrate yields upon 
evaporation well-defined three- or sixsided pris- 
matic crystals. These are very soluble^ in water 
and, strange to say, have the composition of an 
acid fluoride. On exposure to the air they 
effloresce rapidly. If they are heated,^ water and 
hydrogen fluoride are evolved, leaving copper 
oxide in the tube. Presumably the hydrogen 
fluoride is driven off first, whereupon the water 
of crystallisation hydrolyses the copper fluoride. 

Observations on Dissociation, 

The crystal fluorides of cobalt, nickel, man- 
ganese, and copper all evolve hydrogen fluoride 
when exposed to the air. After a portion of one 
of these substances is washed and dried and set 
aside on the watch glass the latter is found to be 
etched in three minutes. The gradual loss of 
hydrogen fluoride is a very important property of 
these fluorides. It means that the compound can- 
not be preserved with certainty of its retaining its 
original composition and that analyses mu.st be 
made with the freshest possible produ^ This 
phenomenon will be referred to the discussion 
of the analysis. It would be interesting to deter 
mine the rate or decomposition, but no work has 
been done upon it thus far. 

The cystals are soluble in water and dilute 
acids. When heated, they give off water and 
hydrofluoric acid and are themselves converted 
to the oxides, as stated by Bdhm, for the copper 
salt. 

A7ialysts of the Fluorides. ” 

For the medal the following general meth^s 
are applicable, (i) precipitation as the hydroxide 
or sulphide with sub^quent reduction in a streapa 
of hydrogen; (2) evp.poration with sulphuric acid 
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and weighing as the anhydrous sulphate; (3) heat- 
ing at red heat to convert the fluoride into the 
oxide; {4) electrolytic deposition. 

The total fluorine can be determined volu- 
metrically by adding an excess of standard alkali 
and titrating back with standard acid. In this 
case the precipitated hydroxide is filtered off be- 
fore the titration, else it will obscure the end- 
point. With nickel and copper, using phenol- 
phthalein as an indicator, a very good end-point 
can be obtained if the alkali be added slowly to 
the warm solution until the free hydrofluoric acid 
is neutralised and the hydroxide of the metal is 
precipitated. 

The gravimetric determination of fluorine is 
based upon its precipitation as an insoluble fluor- 
ide. A number_ of metals form insoluble fluor- 
ides, calcium being the one most commonly used. 
Lead chloride precipitates the fluorine as the 
double halide, PbFCl (G. Starck, Z, anorg, 
Chem.j 191I5 Ixx., 173; /. Chem, Soc. Ahs,, 1911, 
c., ii., 436), and lithium chloride is said to give 
accurate results (Deladrier, /. Chem. Soc.j 1904, 
Ixxxvi., 440). In our work with the fluorides lead 
chloride gave results uniformly low and lithium 
chloride failed in some cases to give a precipitate 
The difficulties of precipitation are well known. 
Calcium fluoride is an extremely finely divided, 
slimy precipitate, which passes through nearly all 
filters the first time. Refiltering through the same 
filter proved to be exceedingly tedious, and wash- 
ing was impracticable because of the time con- 
sumed in filtration of the so-lution. However, a 
number of determinations for fluorine were made 
by precipitating it with calcium chloride o-r cal- 
cium acetate. While the results were not accu- 
rate, they afforded independent confirmation of 
those obtained by other methods so far as the in- 
terpretation was concerned. 

The purpose of adding the carbonate to the 
fluoiide in the calcium fluoride method (Berzelius) 
is to assist in the filtration. A modification of 
this procedure has given good results in our work. 
Instead of adding sodium carbonate we made the 
solution slightly acid with acetic acid. An 
amount of standard ammonium oxalate was then 
added so that the calcium oxalate precipitated 
would be approximately the same as the weight 
of calcium fluoride. The two precipitates were 
then filtered off together in a Gooch crucible, 
dried and weighed. The difference between the 
weight of the combined precipitate and the weight 
of the calcium oxalate, corresponding to the am- 
monium oxalate added, gave the calcium fluoride. 
The decided advantage lies in the elimination of 
the decomposition, and furthermore, it does not 
necessitate a second filtration. The calcium oxa- 
kte serves the saine purpose as the calcium car- 
bonate and does it equally well. None of the 
absorption methods was used in the analysis for 
fluorine. 

The determination of crystal hydrate water is 
the most difficult, since a temperature sufficiently 
high to expel the last traces will cause a loss of 
at least a part of the hydrogen fluoride'. The 
method used by Bohm — heating the fluoride ivith 
lead oxide — ^is the only one described as being 
satisfactory. _ In the analyses that follow the 
w^ater determinations were so variable that they 
were used only as rough indications of the amount 
present. For calculating formulas use was made 
or the percentage of water by difference. 

(To be continued.) 


THE MOLECULAR STATE OF WATER 
VAPOUR. 

By JAMES KENDALL. 

Up to a few years ago it was universally con- 
sidered that water vapour at ordinary tempera- 
tures was, so far as could be deduced fiom vapour 
density determinations, entirely monomolecular 
HgO and obeyed the gas laws within the limits of 
experimental error. Regnault’s measurements 
gave 1 8*0 for the molecular weight, Gay-Lussac’s 
i8*oi and Leduc’s i8‘i, while the formula HaO 
requires the value i8*oi6 (Abegg, ^‘Handbuch der 
anorganischen Chemie,” [i] 1908, ii., 67). In the 
derivation of equations for osmotic pressure, 
vapour pressure lowerings, &c., in dilute aqueous 
solutions, the assumption was accordingly made, 
without any question, that water vapour could be 
treated as a perfect gas. Some measurements by 
Winkelmann (Winkelmann, Wied. Ann.^ 1880, 
ix., 208) appeared to indicate a tendency tow^ards 
association at temperatures slightly above normal, 
but even as late as^ 1907, m a discussion at the 
Faraday Society (Wilsmore, Trans. Faraday Soc.^ 
1907, lii., 85) the different results quoted for 
saturated vapour at 15*^ varied more among them- 
selves than from the theoretical value, and the 
conclusion that the vapour behaved as a perfect 
gas was undisputed. 

In 1908, however, some calculations were pub- 
lished by Bose (Bose, Z. Elektrochem.j 1908, xiv., 
369), based upon new vapour density determina- 
tions by Kornatz (Kornatz, Inaug-Diss. , Konigs- 
berg, 1908), claiming that association in the satur- 
ated vapour was considerable even at ordinary 

temperatures. The equilibrium (HjOja 

w'as assumed to exist in the vapour phase and an 
equation for the variation in the equilibrium cu'u- 
stant with tempeialure was deiivcd. Tlu.s equa- 
tion indicated for the saturated vapour at o“, 6’() 
per cent association; at 50°, 8*3 per cent associa' 
tion; at 100°, 8*9 per cent association. 

In 1915, (Dddo (Oddo, Gaze. chim. [1] 

1915, xlv., 319), evidently ignorant of the work 
of Bose, calculated from the tables of Landolt- 
Bdrnstein (“Tabellen,” 1912, p. 369) (Regnault’s 
data, reproduced from Zeuner’s “Technische 
Therm odynamik”) the molecular weight of satur- 
ated -water vapour bct\yeen -y-20® and 200®, 
obtaining values steadily increasing fiom 17*03 at 
— 20® to 19*92 at 200®. Only at 32® did tlio 
experimental value agree with that reqiM*.a by 
monomolecular HgO. The conclusion was drawn 
that at temperatures below 33® a dissociation 

equilibrium, + existed, and above 

32® an association equilibrium : (HaO)a.^2HaO. 

At — 20® the degree of “ionisation” was calculated 
to be 5*79 per cent; at 200® the “association” 
reached 19*11 per cent. Great emphasis was laid 
upon the former phenomenon — the sfonta^icons 
ionisation of water vafour — as opening up a new 
field in science, and in a second article (Oddo, 
Gasz. chim. ital.j [i] 1915, xlv., 395) remarkable 
deductions were drawn therefrom upon such 
diverse topics as atmospheiic electricity, the in- 
fluence of temperature on vegetation, the respira- 
tory processes of plants and animals, the electro- 
lytic reactions in a monocellular organism, and 

♦Presented at the Buffalo Meeting of the American Chemical 
Society, April 10, 1919. 
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the first experimental mechanism for the origin 
of life. • 

An adequate discussion of so many important 
questions cannot be entered into here, but since 
the molecular weight of water vapour is a matter 
of fundamental interest in a few minor fields 
(such as the modern theory of solutions and steam 
engineering practice) it has been thought profit- 
able to subject the mutually contradictory con- 
clusions of Bose and Oddo to a critical examina- 
tion, particularly since these conclusions are now 
quoted without reserve in standard monographs 
(Turner “Molecular Association/’ iqis, p. 89). 
The results below 32° may first be considered. 

According to Oddo, saturated water vaiDour 
belo-w 32° IS partly dissociated into hydrogen and 
hydro-xyl ions. At 0° the calculated degree of 
ionisation is 2-6 per cent, the vapour pressure 
being 4*6 mm. From these figures we can deter- 
mine the concentration of hydrogen and hydroxyl 
ions in saturated vapour at 0°. The value ob- 
tained is 7x10— 6 g. ions per litre, in other words, 
just 200 times as great as the corresponding con- 
centration in pure liquid water at 0° (Kohlrausch 
and Heydw’eiller, 7 .. -physik, Chem.j 1894, xiv., 
317). Since the mobility of the ions in the vapour 
phase would certainly be enormously greater than 
in the liquid, owing to the diminished viscosity 
of the medium, it follows that the conductivity 
of saturated water vapour (or air saturated with 
water vapour) at o® sho'uld be compaiable with 
that of a fairly concentrated salt solution. Now 
this is admittedly not the case, hence Oddo’s whole 
argument must be quite invalid. 

The explanation is not far to seek. Regnault’s 
data at temperatures below the normal (although 
smoothed off on a curve to render them consistent) 
are far too inaccurate to be employed as a basis 
for determinations of molecular weights to the 
second place of decimals. In fact, the density 
of the saturated vapour at pressures so low^ as 4*6 
mm. becomes so small that it is impossible to 
measure it with anything approaching the above 
order of accuracy. Even the exceedingly careful 
determinations of Young (Young, Proc, Poy, 
Soc, Dublin, 1910, xii., 374) on the specific 
volumes of the saturated vapour of 30 organic 
liquids are conceded tO' be uncertain at the lower 
temperatures investigated, for this same reason. 
Consequently, until more definite proof of this 
spontaneous ionisation of water vapour is brought 
forward, we cannot consider the molecular weight 
of water vapour to be appreciably diverted from 
the normal value as a consequence of such 
ionisation. (The dielectric constant of water 
vapour is so near to unity as to appear to preclude 
more than the merest trace of ionisation— Bad eker, 
Z. fhysik. Chem.j 1901, xxxvi., 305). 

It remains to examine the abnormally high 
vapour densities for temperatures above normal, 
upon which both Bose and Oddo jxistulate the 

equilibrium (H30)2*^2H30. Bose^s calculations 

are dependent entirely upon a series of 19 deter- 
minations at 13 different temperatures {T ranging 
from 50® to 182®, p ranging from 52*6 to 790 mm.) 
by Kornatz. It is true that a few isolated 
measurements of previous investigators are 
quoted, which are in fair agreerqent with^ these 
results, but of the many determinations which do 
not agree no mention is made. 


While Kornatz’s measurements certainly indi- 
cate a greater vapour density than the theoretical 
for^ monomolecular water throughout the whole 
series, yet examination shows that at any one tem- 
perature the observed vaiiation in density with 
pressure is systematically different from that cal- 
culated by the use of Bose’s equation for the 


equilibrium : The following 

table will illustrate this clearly. Densities are 
given relative to air; the theoretical ratio for 


r 

P 

O^noity ' 

Vaiidtioa 

Density 

(abs ) 

(mm. ) 

(obs ) 

with p. 

(calc ). 

34S 

86-8 

0-6324 j 


0-6307 [ 

348 

231-5 

0-6419 j 

' O'OOQS 

0-6446 j 

353 

71-0 

0-6308 1 

1 0-0063 

0-6276 I 

353 

249-0 

0-6371 j 

0-6420 } 

358 

86-76 

0-6307 

1 0-0052 

0*6278 1 

358 

260-3 

0*6350 . 

0-6394 J 

363 

52-6 

0-6286 

j- O' 006 1 

0-6247 f 

363 

263*0 

0-6347 ^ 

0-6366 / 

368 

63-4 

0*6282 

1 0-005 I 

0-6247 1 

368 

253-6 

0*6333 J 

0-6338 1 


Variation 
with p, 

0-0139 

0'Oi44 

O’DI 16 
0-0119 
0-0091 


It will be evident from the above table that the 
observed variation is approximately only 50 per 
cent of the calculated. Bose remarks, in a pass- 
ing cominent on this fact, that it is possible that 
the experimental results are affected by systematic 
errors, which may be partially explained by 

assuming that the equilibrium (H30)a*^2Ha0 in 


the vapour phase is only slowly established. It 
is extremely improbable that this assumption is 
correct, since even in liquid water no indication 
of anything but instantaneous equilibria between 
the different molecular species present has ever 
been obtained. If Komatz’s data are trustworthy, 
Bose’s interpretation of them is not justified; if 
they are 7 iot trustwoithy, no such interpretation 
should have been attempted. 

We are consequently left to face the fact that, 
ivliile vapour density measurements for tempera- 
tures above the ordinary give abnormally high 
results, these high results cannot be adequately 
explained by assuming association in the vapour 
phase. Indeed, other evidence renders it certain 
that such association is negligible even at 100®. 
Let us compare the abnormality in the density 
of saturated water vapour at this temperature with 
the abnormalities shown by the saturated vapours 
of other liquids at their boiling points. The data 
in the following table are taken from Washburn 
(Washburn, “Principles of Physical Chemistry,” 
iQiS, p. 31). 


Liquid 

Boiling point 

OC 

Vapour 
density 
/ observed 
Vcalculated 

Vapour 
density 
\ / observedx 
ij Vcorrectedy 

Benzene 

8o*i 

1*024 

0-990 

Pentane 

... 36-3 

1-046 

1*002 

Heptane 

... 98-4 

1-055 

1*007 

Chlorobenzene 

... 132-0 

roS 5 

I'Ojg 

Nitrogen 

—1957 

1-05 

1*00 

Helium 

—268-5 

I-OQ 

— 

Water 

... 100*0 

1-028* 

i*oi8t 


* Value taken from Regnault’s determinations* 
see Oddo, Gazs. chmi^ ital,j [i], 1915, xlv., 328. 
t Critical data employed w-ere taken from Hol- 
born and Baumann, Ann, Physih,, [4] igio. 
xxxi., 945 * 
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The ratios obtained in the third column show 
that all substances (even such generally accepted 
non-associated liquids as the saturated hydro- 
carbons and the inert gases) ^ give saturated 
vapours of abnormally high density even at pres- 
sures as low as one atmosphere. As has been 
pointed out by Guye (Guye, Trans. Faraday Soc..^ 

1 9 10, vi., 84), the assumption of the merest trace 
of association in the vapour phase involves ex- 
treme association in the more concentrated liquid 
phase^ consequently if the above abnormalities 
are due to molecular complexity in the vapour 
state than even the so-called “normal’^ liquids are 
all exceedingly complex. While it would^ be 
going too far to state that we have no indications 
of association in the liquid state for the substances 
listed above, yet their general physical^ properties 
show conclusively that any deviations from 
ideality are very slight (Dolezalek has recently 
claimed (Z. fhysih. Chem.j igig, xciii., 585), that 
liquid argon is slightly associated, but rightly 
notes that such association does not extend appre- 
ciably unto the vapour phase). 

To what, then, are the abnormalities due? To 
the simple fact that the saturated vapours under 
discussion do not exactly follow the gas laws, 
but require a correction according to the equation 
of state. When such a correction is applied (as 
has been done in the last column of ^ the above 
table by means of Berthelot’s modification of van 
der WaaPs equation) the abnormalities practically 
disappear (see Washburn, loc. ciU^ p. 33). 

It will be noticed that water vapour diverges 
less than the "theoretical” than the majoiity of 
substances listed. Have we any more reason to 
attribute the abnormalities here to the presence of 
dimolecular (HaO)a than we have to postulate 
polymensation in pentane vapour or the existence 
of Hea in helium gas ? It is true that liquid water 
IS highly associated, and that the vapouis of cer- 
tain similarly associated liquids such as acetic 
acid (Young, loc. cit.) show unmistakable associa- 
tion even at low temperatures, yet from the values 
obtained in the table above it is evident that, 
below 100® at least, association in water vapour 
can only be minute. While the observed vapour 
density is still slightly above the corrected theore- 
tical value, yet the excess is not so great as in the 
case of chlorobendene and may be accounted for 
in part by uncertainty in the critical data. (If 
association exists at the critical point, the crtical 
data are not strictly applicable to the Berhelot 
eq^uation). At temperatures approaching the 
critical, where the pressure is very high, associa- 
tion of the saturated vapour may become appre- 
ciable, but the extensive association claimed by 
Bose and Oddo at temperatures below the boiling 
point is certainly an exaggeration of the facts. 
(The experiments of Ramsay and Young {Pkil. 
Trans. ^ 1892, clxxxiii., 107), indicate a rapid in- 
crease in the ratio (obs./calc.) above 200°. At 
270° the observed vapour density is more than 15 
per cent in excess of the corrected theoretical). 

In conclusion, it is necessary^ to record a protest 
against the optimistic habits prevalent among 
writers of text books as well as of original articles, 
of treating all gases as perfect. In work on 
gaseous systems, it is rare to find any correction 
applied for "the equation of state,” although fre- 
quently intricate calculations which pre-suppose 
considerable accuracy are carried out with the 
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use of the observed densities. In techncal pro- 
cesses (probably following Haber^s “Thermo- 
dynamics of Technical Gas Reactions” and similar 
monographs) no regard at all is commonly paid 
to possible abnormalities, even when reactions 
under high pressures are consideied. That the 
quantities of different gases introduced into the 
reaction vessels under such conditi9ns are quite 
at variance from the correct proportions has been 
strikingly shown in recent work on the Haber 
process (“Physical and Chemical Data of Nitrogen 
Compounds,” 1918, p. s-6 (M.I.D. Research 

Laboratory, University College, London)). The 
extended discussion of this general question given 
by Lewis m several articles does not appear to 
have attracted the attention which it deserves 
(G. N. Lewis, Proc. Am. Acad.^ iqoi, xxxvii., 
60 , etc.; 1907, xliii., 262; J ourn. Am. Chem. Soc., 
1915, xxxvii., 2309). 

For the same reason, vapour density determina- 
tions upon dissociating substances, such as pho'S- 
phorus pentachloride and the ammonium halides 
(Smith and Lombard, Journ. Am. Chem. Soc..^ 
1915, xxxvii., 38, 2055), will not furnish exact 
values for their dissociation unless correction is 
made for the appreciable divergence from the 
perfect gas laws of all of the substances concerned 
in the equilibrium. The possible error in func- 
tions derived from ^variations in the calculated 
degrees of dissociation (such as the heat of disso 
ciation) will naturally be much greater (Smith 
and Lombard, loc. cit,, p. 55). To attempt to 
obtain quantitative values for the association of 
liquid water from uncorrected vapor density 
measurements, as has been done by Guye is ob- 
viously altogethei futile (Guye, Trans, Faraday 
Soc., 1910, vi., 84). 

In the standard Victor Meyer vapour- 
• density experiment the text-books on prac- 
tical physical chemistry “allow” the student 
an error of “less than s per cent,” although 
the abnormalities in the vapour densities 
of many common liquids exceed that value. 
Since correefions of less than i per cent 
{e.g.j for the water vapour content of the atmos- 
phere) have been proposed (Evans, Journ. Am. 
Chem. Soc.^ 1913, xxxv,, 958), it would evidently 
be well worth while to introduce the equation of 
state factor into the discussion. Otherwise, the 
accurate student and the conscientous instructor 
will inevitably clash, without prospect of recon- 
ciliation. 

Summary. 

The monomolecular nature of water vapour has 
recently been questioned, “spontaneous ionisation” 
of H2O into H+ and OH - at lo-w temperatures 
and association into (HaO)^ at higher temperatures 
being postulated. It has been shown here that the 
evidence for the existence of the equilibria - 

H20;^H+ + OH- and 2H20;^(H20)2 
is in each case entirely insufficient, that the abnor- 
malities in the vapour densities of normal sub- 
stances at their bo-iling points are similar to that 
in water vapour at 100 and that such abnormali- 
ties practically vanish on applying the corrections 
for deviation from the perfect gas laws. 

An “equation of state” correction is similarly 
necessary in gas reactions at high pressures, in 
calculations o-n dissociation in the vapour state 
and in Dumas or Victor Meyer vapour-density 
determinatio-ns . — Journal of the American Ckemi 
cal Society j December, 1920. 
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THE DEVELOPMENT OF THE CHEMICAL 
INDUSTRY IN THE FORMER PRUSSIAN 
POLAND. 

The chemical industry in that part of Poland 
which was known before the war as Prussian 
Poland gives signs of a so-und and remarkable 
development. Its productivity has been recently 
extended in the field of the chemical by-products 
of alcohol. The distilleries of Posen and 
Pomerania have been united in a big concern 
“Akwawit Rectification of Alcohol and Chemical 
Factory.” The head office of this new Company 
is in Poznan (Posen). 

Considering the natural wealth of this province 
of Poland as regards alcohol, high hopes are 
entertained that the exports of its by-products will 
contribute considerably to the improvement of the 
economic position of the country in the inter- 
national market. 

The Company has acquired all the distilleries 
situated in Poland, belonging to the firms C. A 
F. Kahlbaum of Berlin, and Breslauer Distillery 
of the Charlottenburg Company, The subscribed 
capital of the “Akwawit” Company amounts* to 

20,000,000 marks. The chief subscribers are The 
Land Bank of Posen (2,500,000 marks). The 
Kwilecki Potocki & Co. Bank (2,500,000 marks), 
The Co-operatives Union Bank (i, 000,000 marks), 
The Commercial Bank of Posen (11,700,000 
marks), C, A. F. Kahlbaum (2,000,000 marks). 

The Board of Control consists of 18 members; 
among them there are eight landowners and five 
bank directors. 

A few more facts pointing to the development 
of the chemical industry deserve some attention. 

A new chemical factory has been founded in 
Glowno near Posen ; it is called “Posen Chemical 
Works of K. Chmielewski.” Another big con- 
cern founded in May, 1920, known as the “Luban 
Potato By-Products Factory” has published a 
leport which shows that up to September 30, 1920, 
its net profits amounted to 3,719,423 marks. This 
Company has already acquired the starch factory 
in Torun (Thorn) which belonged to the German 
concern known as “Deutsche B ruder Unitat in 
Herrnhut,” and it proposes to buy out other Ger- 
man factories, situated in Polish territory, 
especially the branches of the famous German 
firm C, A. Kohlman & Co., of Frankf urt-an-Oder. 
The Luban branch of this firm is already run by 
the^ Polish “Luban Potato By-Products Factory” 
which has acquired the ^rights of tenancy. 

These Luban factories producing potato meal, 
starch, dextrine, soluble starch, and potato pulp, 
constitute the biggest concern of this kind in 
Poland, and are capable of working daily 20 to 
22 wagons of potatoes. Owing to the requisition 
of potatoes by the Food Ministry, the factories 
have been compelled to work only at short time. 
The greater part of the produced potato meal has 
been exported to France, England, and Germany, 
the rest has been used for home consumption. 
The lack of transport has made the exports very 
difficult. The exports for France have been 
transported by trains supplied by the French 
Mission. 

The production of dextrine was possible, only on 
a small scale ; it has been consumed chiefiy by the 
textile industry in Lodz and Bielsk. ’ 


Owing to the devaluation of Polish money, high 
prices of raw materials, and rising costs of trans- 
port, the company proposes to raise its capital to 

20.000. 000 marks. 

Similarly, the wholesale druggist factory in 
Posen has increased its capital to 15,000,000 
marks. 

The Pharmaceutical Products Factory “Barei- 
kowski & Co.” shows a net profit for the year 1919- 
1920 of 987,000 marks. Out of this amount 
400,000 marks have been given away for social 
purposes. This factory has increased consider- 
ably its activity through opening branches in 
Gdansk (Danzig) and Warsaw. Its capital has 
been raised to 15,000,000 marks. 

A factory of matches (“Zygaunt Stabrowski”) 
has been started in Posen; a company has been 
formed in Bydgoszcs (Bromberg) with the view of 
starting another factory of matches, the subscribed 
capital amounts already to 3,000,000 marks. 

The relation between imports and exports may 
be shown as follows : — 

For the period of July i, 1919 to January i, 
1920, the imports of chemical products into Poland 
amounted to 9,000,000 marks, and for the period 
from January i, 1920 to October i, 1920 to 

87.000. 000 marks. The exports from Poland for 
the period from September i, 1920 to January i, 
1920 amounted to 3,000,000 marks, and from 
January i, 1920 to October i, 1920 only to boQjOOO 
marks, 

COLOUR TEST FOR OXALIC ACID. 

By LEWIS H. CHEINOFF Denver, Colo. 

A FEW crystals of resorcinol are added to about 
5 cc. of the unknown solution, in a test tube, and 
the mixture is warmed slightly to dissolve the 
resorcinol. It is then cooled and 5 cc. of con- 
centrated sulphuric acid is carefully and slowly 
poured in along the side of the tube so as to form 
a layer. A blue ring will be formed at the junc- 
ture of the two layers, if oxalic acid is present. 
The colour is best seen if held to the light in front 
of a sheet of white paper. Care must be taken 
that the mixture does not warm up appreciably. 
If the blue colour does not appear in a few 
minutes, the mixture is shaken thoroughly, and, 
after cooling somewhat, 5 cc. more of sulphuric 
acid is added. Should the colour still fail to 
appear, the mixed contents of the tube should be 
gently warmed over a flame (not boiled) when an 
indigo blue colour will diffuse throughout the 
liquid. If the mixture be cooled with ice-water, 
the colour will disappear only to reappear again 
on heating. If the mixture be boiled a few 
minutes, the colour will turn a deep dark greeny 
which will become a light yellow-green on cool- 
ing. If to the cold yellow-green solution an 
equal volume of sulphuric acid be added so as to 
form two layers, the blue colour will again 
appear. It is believed that all these reactions 
taken together are characteristic of oxalic acid 
alone. . . 

This test may be made sensitive to one 
if the dry tmknown substance be warmed with t^^o 
drops of a 10 per cent aqueous resordinol solution 
and the sulphi|ric acid added drop by drop, 
blue colour then appears immediately- Jor .yfejy 

I \ . t, " “ ^ ^ 
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dilute solutions of oxalic acid or its salts, it is 
best to evaporate to a concentration of about 10 
per cent. 

If interfering substances are present the oxalic 
acid may be precipitated in ammoniacal solution 
as the calcium salt, washed with water, and the 
test applied directly to an aqueous suspension of 
the salt — Jo urn. Am. Chem. Soc.j Sept. 


CORRESPONDENCE. 


COLOUR OF WATER. 


To the Editor of ike Chemical News. 

Sir, — With reference to my note on the above 
subject in your Journal of Jan. 7, ig2i (cxxii., p. 
9), the second “Sir’^ in the first line should be 
deleted. 

Bancroft also discussed (Chemical News, igiQ, 
cxviii.) the question as to whether the colour of 
water is due to the scattering of light by sus 
pended particles. This subject has been studied 
recently by W. H. Martin (fourn. Phys. Chem , , 
IQ20, xxiv., 478). He prepared dust-free water 
by distillation in vacuo, by precipitating gelatin- 
ous zinc, cadmium, and aluminium hydroxides 
from solution of the sulphates, and by cata- 
phoresis of water (see inter aliUj T. R. Briggs, 
“Second Rep. on Colloid Chem.,” B.A., iqi8, pp. 
26-52; and also Ormandy, Somerville, and 
Northall-Laurie ; Chemical News, 1920, exxi., p. 
14; and Ormandy, ibid._^ p. 301). 

Martin found that all the dust-free liquids 
which he examined scattered light, that of short 
wave length more than of long wave length. The 
intensity of the scattered light from dust-free 
water was found to be 0*06 (toluene = 1), a com- 
paratively low value, that for, e.g.j o-chloro- 
napthalene being 4-3. Martin also found that the 
scattered light is very largely plane polarised 
from liquids udiich scatter little light (z.^.^ water) 
and the polarisation in different liquids decreases 
as the relative intensity of the scattered light in- 
creases, and he showed that phenomena which he 
observed are really ducto light-scattering and not 
to fluorescence (for recent work on this subject in 
connection with the gases H, N, air, O, CO2, and 
N3O (see Rayleigh, Proc. Roy. Soc.j 1920, xcvii., 
48s; Chemical News, 1920, exxi., 42), and for 
He and Ar (Rayleigh, Proc. Roy. Soc.^ 1920, 
xcviii., 57)). 

Regarding the work of Ducleaux and Wolle- 
mann (see CHEMICAL NEWS, 1921, cxxii., 9) it is 
instmetive to note that Ramsay and Shields 
(Zeitsekr. fhysikal Chem,j 1893, xii., 464; Journ. 
Chem, Soc.j 1893, Ixiii., 1089) from measurements 
of surface tension, found that the formula of 
water at o® is (Ha0)4. This to some extent con- 
firms the hypothesis of Ducleaux and Wollemann, 
inasmuch as the formula of water is shoivn to be 
(HaO)* at o®, and a mixture of HaO. (HaOla mole- 
cules at 100 (from vapour density of stein). — I 
am, &c. , 

E. Tomkinson. 

Walney, Barrow-m-Fumess, 8th January, 1921, 


NOTES. 

British Industries Fair. — The a 1 rangements 
arc well in hand for the forthcoming British 
Industries Fair to be held at London (organised 
by the Depaitment of Overseas Trade), and Glas- 
gow and Birmingham. The London and Bii- 
mingham Fairs run concurrently from February 
21 to March 4, while the Glasgow' Exhibition 
opens a week later on February 28. Intending 
visitors will therefore have no difficulty in getting 
fiom one section to another. Only British manu- 
facturing firms are allowed to show and the goods 
must be of the exhibitor’s actual manufacture. 
The Glasgow Exhibition will have considerable 
interest for the chemical manufactuiing trades, 
inasmuch as its schedule includes chemicals 
(heavy and light), domestic chemical products and 
dyes, while at London, places are given to diugs 
and druggists’ sundries, photographic apparatus, 
.scientific and optical in.struments, and glasswaic 
of all descriptions. Manufactured metal goods, 
general hardware, guns, small tools, weighing 
instruments, and motorcycles and cycles will be 
important features at the Birmingham Fair, and 
a ’position of prominence is given to paints, 
colours, oils and varnishes and painters’ lequisitcs, 
and to nautical scientific instruments and appaia- 
tus. Lighting and heating appliances form a 
much larger section than last year. 

Board of Trade Announcement.— In pui- 
suanC'C of the powers conferred upon them by 
Section 4 (1) of the Gas Regulation Act, 1920, the 
Board of Trade have appointed Sir R. T. Glaze- 
brook, K.C.B., F.R.S., to be Chief Gas Examiner 
under that Act, and Mr. C. V. Boys, F.R.S,, Mr. 
J. S. Haldane, F.R.S. , and Mr. W. J. Atkinson 
Butterfield, M.A., F.I.C,, F.C.S., to be Gas 
Referees. The Board have also appointed Mr. 
H, C. Honey to be Director of Gas Administration 
in the Powei Transport and Economic Dcpait 
merit, Board of Tiade Offices, Great George 
Street, ^ S.W. i. Furthermore, in pursuance of the 
provisions of Section 2 (4) of the above-mentioned 
Act, the Board have appointed Sir William 
Pearce, M.P. (Chairman), Dr. T. Carnwath, 
D.S.O., M.B., Mr, William Doig Gibb, O.B.E., 
M.InstC.E., and Dr. T. Gray, D.Sc., Ph.D., tc 
be a Committee to enquire whether it is necessary 
or desirable to prescribe any limitation of the 
proportion of carbon-monoxide ^ which may be 
supplied in gas used for domestic purposes, and 
also Mr James Hunter Gray, K.C. (Chairman). 
Mr. W. J. Atkinson Butterfield, M.A., F.I.C., 
F.C.S., and Dr. C. H. Lander, D.Sc., 
M.I.M.E., A.M.I.C.E,, to enquire whether it i.*^ 
necessary or desirable to prescribe any limitations 
of the proportions of incombustible constituents 
which may be supplied in gas, Communicationf 
may be addressed to the Secretary to each of 
these Committees at the Power Transport and 
Economic Department, Board of Trade, Great 
George Street, S.W. i. 

Hydrogen Peroxide and Flour.— The method 
employed to analyse catalase in milk by measure- 
ment of the volume of oxygen disengaged in con- 
tact with a certain quantity of hydrogen peroxide 
is applied by M, Marion to wheat fiour. Thus 
the degree of purity can be determined and alsc 
that of milling, — Comftes RenduSj October 26. 
1920. 
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Cyanamide and Dicyanamide in Calcic Cyan- 
amide. — The most frequent analyses of calcic 
cyanamide relate to (i) total nitrogen; (2) nitro- 
gen of cyanamide ; (3) nitrogen of the dicyan- 
amid. Analysis of the total nitrogen is made by 
the Kjeldahl method. As for the cyanamide 
and dicyanamide nitrogen, analyses are _ based 
upon the following rcaction.^ (1) Solution of 
calcic cyanogen gives with nitrate of silver and 
in presence of ammonia an argentic precipitate 
containing all the nitrogen of the cyanamide. {2) 
An aqueous solution of dicyanamide does no-t pre- 
cipitate with nitrate of silver in presence of NH^, 
but gives a precipitate when the ammoniacal ^solu- 
tion is boiled with excess of NaOH or KOH. 
Thus an argentic precipitate of dicyanamide can 
be obtained with the ammoniacal mother liquor 
from precipitation of the cyanamide. Some 
authors (Kappen for cyanainide, and Ulpiani, 
dicyanamide) proposed an estimate of the silver 
in the argentic precipitates, with AgNO* and 
CNSNH4. Confirming what had already been 
noted by Caro with argentic cyanamide, Messrs. 
Marqueyrol, Loriette and Desvergnes, noted that 
the silver in the argentic precipitates was in 
variable proportion for cyanamide and that the 
argentic dicyanamide was joarticularly soluble in 
water. The only method which gives precise re- 
sults is quantitative analysis of the nitrogen in 
the argentic precipitates, estimating from this 
analysis the percentage of cyanamide and di- 
cyanaraide.^ — Bull, Soc, Chbn. de Frmice^ Novem- 
ber 20 1920. 

Linseed Oil Substitutes. — The last number of 
Revue de Chhnie htdiistrielle draws attention to 
an error they made in 'netting up the type, lines 
of one paragraph being mixed with another It 
should read as follows from line ending ^T inseed 
oils’' : — “If one wishes to give siccative^ properties 
to non-siccatives such as fish oils it suffices to add 
vamish to them. The fish oil is first boiled in 
presence of the necessary metallic siccatives, then 
the hot linseed oil is poured slowly into it so that 
theie will not be a fall of temperature. _ When 
fish oil is subjected to the action of ozonised gas 
in piesence of spongy platinum they acquire sic- 
cative properties A product is obtained similar 
to the lacquer of Rapolin by boiling^ thick oils 
(20 kilogrms. linseed oil and wood oil) with 10 
of Brazil copal at about .280® C. The temperature 
is let fall to 160° C. and 50 grms. of flowers of 
sulphur added, 40 grms. paraffin; no grms. 
rubber solution ; 60 grms. mirbane essence ; 6 
kilogrms. spirit o-f turpentine, and 6 of benzine.” 
The last 18 lines belonged to another paragraph. 



This List is specially compiled for the Chemical Neivs by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.Sl., from whom all information relating to Patents, 
Trade Marks and Designs ©an be obtained gratuitously. 

Latest Patent Applications. 

36581— Anderson, J.— Fusion of organic substances with alkalies- 

36536-Britis?r^Dyestuffs Corporation— Manufacture of oxy and 
sulpho-oxy derivatives of anthraquinone. Dec. sotb. 
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36377— -Chemische Fabrik Flora. — Manufacture of silver thio- 
glycolate of sodium. Dec. 29th. 

36712 — Cook, D —Chemical and physical synthesic. Dec 31st. 
36476 — Fitzgerald F. W, V.— Preparation of substitutes for vulcanite 
horn, etc from blood Dec. 30th. 

36644 — Moulin, R. — Apparatus for diffusion of essence or volatile 
liquids Dec 31st. 

36465 — Plauson, H.— Manufacture of phosphatic manures. 
Dec. 30th. 

36558 — Piauson, H. — Oxidation of acetaldehyde to acetic acid. 
Dec. 31st. 

36286— Watson J. — Method of treating mineral stained barytes to 
produce a pure white. Dec. 29th. 

757 — Asclikenasi, L. — Manufacture of perborates and di-sodium- 
phosphates Jan. 7th 

471 — Blanc, G A — Extraction of Potash from leucite or leucite 
rocks. Jan. 5th 

121 — Bleicen, B — Apparatus for production of distilled water. 
Jan 3rd 

515—Boocock, M. — Recovery of ammonia from ammoniacal- 
liquor. Jan. 6th. 

414 — Burke O’Donogon. — Manufacture of lithopone zinc sulphide 
andammoma. Jan 5th. 

519 — Deutsche Gold-und Silber-Scheideanstalt vorm Rossler — 
Manufacture of acetone. Jan. 6th. 

885 — Norsk Hydro-Elektnsk Kvalstofaktieselskab — Apparatus 
for effecting continuous crystallization of solutions 
Jan. 7th. 

Spectficahons Published tins Week. 

155600 — Head, C. J. — Method for the production of metallic tungsten 
power direet from sodium and potrasium tungstates. 

155609— Sauer, J N. A — Process for the purification and separation 
or filtiation of liquids or liquors. 

136061— Jaloustre, L. A. and Knifetz, Z. and Warchabsky, M.— 
Process for the production of condensation products of 
phenols and aldehydes. 

155692 — Hood, J. J. — Purification of Sulphur. 

141059 — Mrreau C. and Dufraisse, C — Condensation products of 
acrolein with phenols. 

126625— Desachy, P.— Process for the manufacture of anhydrous 
zinc sulphide. 

137071 — Norsk Hydro-Elektrisk Kvelstofaktieselskab, — Production 
of concentrated nitrous gases and nitnc acid. 

14573a — Krupp Akt.— Ges. F.— Acid-resisting receptacles such as 
boilers, pipes and the like. 

Abstract Published tkts Week. 

Zirconium Salts — Mr. H. Wade, of Hatton Garden has obtained 
a Patent No. 153113 for a new basic sulphate of Zirconium of the 
composition 5Zr02, sSOa, i3HaO free from iron titanium, and 
silicon is obtained by adding sulphuric acid in the requisite 
quantity to a solution of zirconium oxychloride containing free 
acid preferably hydrochloride acid. The basic sulphate is 
precipitated on heating. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and forward on post free for the official 
price of i/- each. 


MEETINGS FOR THE WEEK. 


Monday t January 24, 1921. 

Royal Society of Arts, 8. **Aero Engines,’" by A. E. L 
Chorltou, , 

Tuesday, January 25. 

Royal Institution, 3* **Tbe Progress of Geodesy in India,” by 
Sir Gerald P. Lenox-Conyngham. 

Institution of Electrical Engineers, 7 - (At Leeds). 

Wednesday, January 26. 

Royal Society of Arts, ^.30. “ Origin and Development of the 

Research Associations established by the Department of 
Scientific and Industrial Research,” by A. Abbott. 

Society of Chemical Industry, 7. (At Nottingham). 

Thursday, January 27. 

Royal Institution, 3. ** Biochemistry (Vitamins),” by Dr. Arthur 

Harden. 

Institution of Electrical Engineers, 6. ^ “Temperature Limits of 
Large Alternators,” by G. A. juhlin. 

Friday, January 28. 

Royal Institution, 9. “Cloudland Studies,” by Sir Jame$ Dewar. 

Physical Society, 5. , 

Institute of Metals, 7-30. (At Sheffield). 

Saturday, January 29. 

Royal Institution, 3- l^adrigal (Key),” by Dr. P. C. ^uck. 


Notes. 





NOTICES. 


ED1T0R1A.Iji.— A ll Literary communications and Books, Chemiwl 
Apparatus, &c., for review or notice to be addressed to the 
Editor. 

SUBSCKIPTIONS, £1 12s. per annum, payable in advance, should 
be addressed to the Manager, 

BAGK NUHBEBS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS. 

97, Shoe Lane. London, E.C 4. 

adyertisements. 

All communications for this Department should be ad* 
dressed to— 

T. O. SCOTT & SON, 

63, Ludgate Hill, London, E.C. 4, 

By Order of the Society of Apothecaries of London. 

CITY OF LONDON. 

In an extremely important and central situation between Ludgate 
Hill and Queen Victoria Street, and immediately opposite the 
Publishing Offices of the Times Newspaper. 

NOTICE OF LETTING BY TENDER 
of the valuable 

BUILDING SITE. 

at present occupied by premises adjacent to Apothecaries' Hall 
and abutting on 

GLASSHOUSE YARD and CHURCH ENTRY, 

Water Lane, 

BLACKFRIARS, 

comprising a GROUND AREA of about 6,300 sup. feet 
and offering a splendid Site for the erection of a 
BLOCK of OFFICES, MANUFACTURING or WAREHOUSE 
PREMISES. 

A Lease for Qg years from Lady Day, 1021, will, subject to 
certain conditions, eventually be granted. Tenders to be received 
by the under-mentioned Surveyors on 7th February, 1921. 

Particulars and conditions of Letting, with Plan and Form of 
Tender, may be obtained of 

Bingham Watson, Esq., Clerk to the Society of Apothecaries, 
11, Bouverie Street, B.C.dv 

or of Messrs, 

CHESTERTON & SONS, 

Chartered Surveyors, 

62-3, CHEAPSIDE, E.C., Kensington, Sloane Street, Etc. 


Manufacturers of Food and Commercial 

products. 

For Sale, from 1,000 to 2,000 gallons of Fresh Separated Milk 
daily at the Creamery, John O’ Gaunt, nr. Melton Mowbray. 
Steam , water, and the use of vats and part of premises provided. 
Apply to the Manager. 


XTITROGENOUS COMPOUNDS. The | 

owner of patent 22231/1911 relatiug to manufacture of 
nitrogenous compounds from metallic carbides, desires to sell 
his patent or to grant manufacturing licences thereunder. Address 
enquiries to Ferny & Feeny, 60, Queen Victoria Street, 
London, E.C.4. 


AN experienced Laboratory Attendant is 

required by the British Cotton Industry Research Association, 
with a thorough knowledge of Scientific Glass Blowing, 
Applications stating salary should be addressed to the Director 
Shirley Institute, Didsbury, Manchester. 


A NALYTICAL Chemist, age 32, desires 

trustworthy position in Laboratory or works, excellent 

references, 15 years experience.—Box 821, “Chemical News” 

Office, 63, Ludgate Hill, E.C.4. 
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PATENTS, TRADE MARKS. Handbook 

A and advice free—B. T. King, British and U. S. Regd. Patent 
Attorney, l46a, Queen Victoria St., London. 36 years reference 

COVER S FOR BIN DING. 

Cloth, Gilt-lettered, Covers for binding the Half-yearly 
Volumes of the 

CHEMICAL NEWS 

may now be obtained. Price 2/- each {post free 2/3). 

Volumes bound in Cloth Cases, Lettered, and Numbered 
at 35. per volume. 

CHEMICAL NEWS OFFICE. 

97, SHOE LANE, LONDON. E.C. 4, 


T TVDITR PfI ltd Stirling Chemical Works 
■ I Tncn Cb UUi| S TRATFOBD, LONDON, B 

CHEMICALS for Analysis, Researeh, and Technical purposes 
TECHRIOAL EXPEBIMERTS carried out 

on a MANUFACTURING SCALE. 

Inquiries soliciteif from INVENTORS and PATENTEES 
especially foreign) under the New Act 1906. 


STRONTIUM SULPHATE 

(Average sp. gr. 3*95). 

T'HE BRISTOL MINERAL and LAND 

COMPANY, Ltd., are Owners of large deposits, and invite 
enquiries. 

Address, Carltoa Chambers, Baldwin Street, Bristol, England. 
Telegraphic address— “ Beetroot.” Bristol.” Telephone No. 38 
Bristol. 

1 CHEMICALLY PURE I 

TINT I 

CAPPER PASS & SON, Ltd. 

BEDMINSTER SMELTING WORKS 

BRISTOL* 


NEW TYPE 
HIGH EFFICIENCY 
OZONE GENERATOR 
rOR RESEARCH. 


Particulars from 

OZONAIR LIMITED 
96, Victoria Street, 


London, 8. W . I 


Pioneer Movement for EsitKoitshing a British Bureau of Standards. 

BRX'TISH; GHEIMCXCJSLX^ S X? A XSrX> A.RX> S 

STEELS (Plain Carbon and Alloy) AND CAST IRON. 

Analytically standardised by, and issued under the auspices of Co-operating Chemists representing different districts and sections oi industry. 

RittwrY ■ 1 1 Works Chemists .. Working to ipietficaiion 

Motor OR Aero Makers Ch.mists.” y j ] Referee Analysts Independent. 

With every portion of standard turnings a Certificate is issued, showing the type of method used by each analyst, bis results, and the average of at 
The only available Standard Samples of Established Authoritative Value, 

Already a knowledges and used by about /50 Wi rks and Independent Ana. at hi<me and abroad. 

Can be obtained of leading Chemical Dealers, or at Headquarters, 3, Wilson Street, Middlesbrough. 
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CONSTITUTION OF MATTER AND 

ELECTRICITY* 

By A N. SRIVASTRA. 

In this article the author hesitatingly attempts 
to express certain ideas regarding , the structure 
of the atom and the constitution of matter and 
electricity, which, though in direct contradiction 
to the existing notions on the subject, might be 
of interest to some speculative minds. In^ this 
system of chemical philosophy, aether is believed 
to be the matter of matter and in it, 

* Wrapt in mystic silence and gloom" 

The slumbering secrets of creation lie." 

Matter is aether condensed, and electricity is 
aether in motion. The electron at rest has no 
meaning, and it is motion that justifies its exist- 
ence. The central nucleus is aether condensed, 
and thus excessively fine grained, capable of 
throwing out small particles, like the planets 
once shot from the sun. The electrons in the 
orbit are responsible for all the physical and 
chemical properties of the atom, and the pheno- 
menon of radio-activity involves a derangement, 
both in the system of electrons and the central 
nucleus itself. The relative positions of the elec- 
trons, the diameter of their orbits, and their velo- 
cities, are determined by the charge of the nucleus 
and the field of force to which this charge gives 
rise. The number of electrons in motion round 
the positively charged nucleus in an atom is of 
the order of the half the atomic weight for the 
lighter elements. *For an accurate determination 
of these numbers we are indebted to Mr. H. G. J. 
Moseley, but the evidence of his experiments is 
only comparative, not absolute. Thus, if the 
atomic number for hydrogen be n, for helium it 
is w+i, for lithium w+2, and so on. Moseley 
fixed the atomic number for hydrogen as i, and 
then He is 2, Li 3, and so forth. 

In *the meantime, the existence of two light 
gases, coronium and nebulium, between hydrogen 
and helium, has been suggested by Rydberg. 
Prof. Rydberg, therefore, proposes that the atomic 
numbers be converted into ordinals by adding two 
units to all the elements but hydrogen. This 
would not, although, affect Moseley’s data, but 
measurements of the scattering of X-rays by gases 
indicate consecutive numbers for hydrogen and 
helium. This difficulty can be overcome by 
placing the two hypothetical elements before 
hydrogen instead of after. This was the notion 
held by Mendeleeff. Coronium is his element, 
with an atomic weight existing in the corona 
of the sun, and nebulium is his element. The 
aether, with an atomic structure and an insignifi- 
cantly small atomic weight. As there seems to 
be no near possibility of other elements of low 
atomic weight, we may pla^e aether as the element 
with zero atomic number (compare with Rydberg’s 
electron gas). Coronium, on this table, will have 
an atomic number i, and Moseley’s numbers have 
to be increased by one unit. 

Next turn to the question, the structure of the 
nucleus as understood by m o dern scientists. In 

* Extract from a paper read before The Students’ Society, Lucknow 

by tbe kind permission of Mr, M. P, Nigam, Secretary, 


connection, reference may be made to an article 
by Prof. A. Berthond, that appeared in the April 
numbers of the Chemical News. Prof. Berthond 
states, “the positive charge of the nucleus does 
not represent merely the number of positive elec- 
trons which the nucleus contains. There is_ no 
doubt that the negative electrons also enter into 
its constitution. The apparent charge is deter- 
mined by the number of positive electrons in ex- 
cess as compared with the negative electrons. It 
is, however, probable that with hydrogen the 
atomic nucleus reduces to a single jxDsitve elec- 
tron, the mass of which is 1830 times that of the 
negative electron.” And further, “thus the posi- 
tive electron reveals itself as the smallest cor- 
puscle which enters into the constitution of 
matter, and at the same time as that to which 
bodies owe almost the whole of their weight.” 
The positive electron is assumed to be the basis 
of all matter. Why then is the negative electron 
1830 times lighter? It is a corpuscle of electri- 
city, but with the thought as to the nature of 
electricity the professor is lost in the wilderness 
It has been loosely said, “Matter is an aggregate 
of positive and negative electricity.” Still, the 
very fact that positive and negative electricity 
destroy each other renders such an idea incon- 
ceivable._ Positive electricity is not the absence 
of negative electricity. The two are related like 
the positive and negative quantities in algebra. 
Thus, in our conception, as the negative elec- 
tricity is produced by the motion of indefinitely 
small aether particles pund the nucleus, at a tre- 
mendous in an anti-clockwise direction, the 
nucleus rotating round its axis in a clockwise 
direction generates positive electricity, and the 
two annul each other. 

To our imagination the nucleus, therefore, 
appears as an aggregation of highly-condensed 
aether particles, which for some unknown reasons 
group themselves into hydrogen or helium nuclei 
on detachment from the parent nucleus. Another 
extract will illustrate the hopeless confusion and 
self-contradiction arising out of a belief in the 
positive electrons. Here is another quotation 
from Prof. Berthond : “Thus an electron appears 
as a corpuscle of electricity, devoid of any basis 
of matter; in the ordinary sense of the word it is 
at one and the same time the elementary particle 
of negative electricity, and an elementary particle 
of matter.” In fact, it is a mistaken notion in 
science to identify ele< tricity with matter. Matter 
and energy manifesto in motion are two entirely 
different things, although both of them convey 
the idea of mass. 

As a last point, it may be emphasised that the 
electrons which take part in a radio-active change 
seem to be tl\ose in the outer rings, as the trans- 
formation of an element is always accompanied 
by a change of valency, and the shifting of an 
electron from one ring to another liberates vast 
quantities of energy. 

The idea enur^lafed in these columns gains 
additional strength on ademmt of its 
to known astronomical phenomena. Tins we 
may fancy the electron revolving ^t^und the 
nucleus, much in ^an\e way as the earth, 
round the sun, and so forth. This is all 
hopeful speculation, and as sPcJif T i| , 

to our readers, ’ t f 1 " 
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High-Level Diamond Deposits of Brazil 


NOTES ON THE HIGH-LEVEL DIAMOND 
DEPOSITS OF BRAZIL. 

By A.. M. PONTIE, A Inst M M. 


Diamonds -were first discovered in Brazil in 1720, 
at a place called Tijaca, in the State of Minas 
Geraes. 

They are found in two distinct varieties of 
deposits ; 

1. In recent gravels, or ancient river terrace^: 

2. In high-level areas, which by many are 
thought to be conglomerates of fiuviatile origin. 

Many of the rivers of Brazil, though situated far 
apart, carry diamonds in greater or less quan- 
tities, the principal of these being . 

^ The Jequitinhonha, near the town of Diaman- 
tina, Bagagem, Somno, Sao Antonio, Prata, 
Abaete, Sao Francisco, in Minas, Paraguassii, m 
the State of Bahia, Tibaji, in Parana, and many 
streams in Matto Grosso and Goyaz. 

High-level diamond bearing deposits exist in 
many of the upper basins of these rivers ; the 
best known are, Sao Joao da Chapada, Dattas, 
Serrinha and Boa Vista, near Diamantina, Grao 
Mogol, about 120 miles further north, Agua Suja, 
near the towm of Bagagem, and Lengoes, District 
of Bahia. 

The majority of these high-level deposits are 
situated on the dividing ridges of the streams, 
several hundred feet above the present river 
valleys. 

The discovery of diamonds in the high-level 
deposits dates from 1834, when an old slave 
woman found a laige stone embedded in blue 
clay; this led others to investigate the formation, 
with the result that the locality, Sao Joao da 
Chapada has been worked for many years with 
very satisfactory returns. 

For a number of years before this discovery, 
no attempt had been made to ascertain the source 
whence the diamond-bearing gravels of the rivers 
and valleys had acquired their precious stones. 
The great richness of these gravels, and the cfleap 
slave labour, probably satisfied the then owners, 
and no doubt, lack of initiative and curiosity de- 
terred them from studying the problem more 
fully. Prospecting in a country like Brazil is not 
at all easy; the lack of roads, the dense forests 
and thick undergrowth handicap the traveller, 
and the country is mostly covered with a thick 
coating of surface soil which obscures the under- 
lying rock formation. Mo.reover, the insect pests 
which abound make the life of the explorer a per- 
fect misery. 

The most important high-level deposits so far 
located, are situated in the Serra do Espinhago. 
This range of mountains extends northward from 
Ouro Preto to Joazeiro, a distance of about 620 
miles, with a width of nearly 40 miles in its^ 
widest section. Some of the rivers rising from 
the higher eminences of this Serra have yielded 
the bulk of the diamonds. 

The Serra do Espinha^o is flanked on the west 
by the valley of the Rio Sao Francisco, and on the 
east by the granitic and schistose foot hills, which 
extend to the Atlantic; the general altitude of the 
Serra is about isooft. above sea level, though 
many of the peaks rise to 4600ft. 


discus^d at the Meeting of the Institution of Mipmg 
and Metallurgy, on Thursday, January, 20th, 1921, * 


The Serra is composed of a series of rocks, con- 
sisting of alterations of quartzites, with yellow 
and grey shales. These different beds occur 
throughout the series. The general dip of the 
strata is to the west towards the valley of the Sao 
Francisco, though it frequently alters and a re- 
verse dip occurs. Where un weathered, the quart- 
zites consist of a hard mass, made np of minute 
rounded grains of quartz, but where affected by 
considerable weathering, the quartzite is altered 
into soft sand-stone. The quartzites and sand- 
stones arc stratified and false bedded, the inter- 
bedded shales aie laminated and generally slaty in 
structure. Quartz veins arc abundant in both 
the quartzites and shales. Gold occurs in many 
of these veins There are also thin layers of 
quartz conglomerates interbedded in the quart- 
zites. The Espinhago quartzite near the town of 
Diamantina, where extensive weathering has 
taken place, shows many lines of faulting, slightly 
inclined beds butting up against vertical or over 
turned strata These phenomena are evidence of 
the enormous amount of pressure wdiich must, at 
one time, have taken place. 

The most important, though perhaps the least 
known, high-level diamond bearing deposits of 
the Serra do Espinhago, are Serrinha, Bda Vista, 
and Sao Joao do Barra. 

The Serrinha deposit is situated eight miles 
south-east from the town of Diamantina. 

This deposit lies on the crest of a mound, 
situated at the foot of a vertical cliff formed at 
this point by the uplifting of the Serra do Espin- 
hago. 

The diamond-bearing ground covers an area of 
about half a square mile. Owing to lack of water 
on the ground and the altitude of the deposit, 
about 1 000ft. above the river which flows at its 
base, regular and continuous work is not being 
catried out. The ground is well exposed by the 
existing cuttings and pits, in many places to a 
depth of over 40ft. On careful examination of 
the walls of these cuttings, it is evident that this 
deposit is a breccia consisting of boulders of soft 
sandstone, seldom more than a foot, or less, than 
3in. in diameter, angular in shape, with blunted 
corners. These boulders, some of which are flat 
and stand on edge’ are embedded in a blue-grey 
mass, which contains a few rounded pebbles of 
quartz no doubt derived from the conglomerate 
beds in the Espmhaqo quartzites. The boulders 
rarely touch one another, and are completely sur- 
rounded bv the cementing mineral, which shows 
lines of schistose material curving round them. 
Small veins of iron oxide running through the 
mass are not uncommon. 

The breccia has the characteristic of being able 
to stand in a vertical position. Clear faces 200 
to 300ft in length by 40ft. in depth, are exposed 
to view The whole mass of mineral is soft, and 
readily disintegrates under the influence of a 
stream of water from a hydraulic nozzle, with 
5olb. pressure per square inch. 

Concentrates by jigging show the following 
minerals : 

Magaetitie, small octahedra, abundant, sp. gr. 5*0 
Hematite, abundant, sp. gr. 4*5 to 5 3. 

Martite, abundant, $p. gr. 5*2. 

Pyrope garnets, rare sp. gr. 

Some tourmaline and mica^ rare, sp. gr. about 3-5 
Diamonds, 
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THE PREPARATION OF SELENIUM 
OXYCHLORIDE. 

By VICTOR LENHER, 

The first record in the literature that we have of 
selenium oxychloride is its preparation by Weber 
in 1850 (Weber, Pogg, A^in,^ 1859, cviii., 615), 
who heated together in a knee-shaped tube the 
vapours of selenium tetrachloride and selenium 
dioxide. Michaelis prepai‘ed the oxychloride by 
the action o-f phosphorus pentachloride on sele- 
nium dioxide (Michaelis, Ann,^ 1887, ccxL, 150). 
Later, in 1889, in their work on selcnic acid, 
Cameron and Macallan mention that selenium 
oxychloride is formed when common salt is dis- 
tilled with selenium dioxide (Cameron and Mac- 
allan, Chemical News, 1889, lix., 267). 

The methods used in this laboratory for the 
formation of selenium oxychloride may be 
grouped under three heads. 

I. Direct Union of Selenium Tetrachloride and 
Sele 7 iiiim Dioxide at Room T emferatures. 

When elementary selenium is suspended in car- 
bon tetrachloride and chlorine gas is passed in, 
the chlorine first dissolves in the carbon tetra- 
chloride, this being an excellent solvent for 
chlorine at low temperatures. The dissolved 
chlorine immediately attacks the selenium, form- 
ing selenium monochloride which also' dissolves 
at once in the carbon tetx*achloride. Selenium 
monochloride, in turn, is an excellent solvent for 
elementary selenium. The solution and chlorina- 
tion of the selenium is therefore, much expedited. 

An^ alternate method of preparing the two 
chlorides of selenium which possesses interesting 
advantages with certain selenium containing 
materials is to- suspend them in carbon tetra- 
chloride, chloroform, or similar solvent, and pass 
in chlorine. This converts the selenium first to 
the monochloride which is soluble in carbon tetra- 
chloride while most of the metallic chlorides, 
being insoluble in carbon tetrachloride, can be at 
once removed by filtration or decantation, while 
the furth-er chlorination of the selenium mono- 
chloride gives white selenium tetrachloride, which 
being sparingly soluble, separates out and if de 
sired can be removed fro-m the solvent by a second 
filtration. 

To the suspended selenium tetrachloride in car- 
bon tetrachloride it is co-nvenient to add the calcu- 
lated amount of selenium dioxide. Reaction takes 
place with formation of selenium oxychloride, 
which dissolves in the carbon tetrachloride. The 
liquid can then be distilled. Carbon tetrachloride 
distills at 76-77® and selenium oxychloride at 
hence they can be readily separated by dis- 
tilaltion. Selenium oxychloride can be con- 
veniently distilled under diminished pressure to a 
high degree of purity. 

The carbon tetrachloride suggested in the above 
procedure can be replaced by chloroform or still 
better replaced by selenium oxychloride itself. 

Inasmuch as selenium oxychloride is a solvent 
for elementary selenium, the entire operation of 
its formation can ^ be^ accomplished by mixing to- 
gether selenium dioxide and elementary selenium 
treating this mixture with selenium oxychloride 
and then cblonnating. 


2. Partial Hydrolysis of Selenium Tetrachloride, 

This can be readily accomplished by treatment 
with water according to the following reaction. 

ScCL+H, 0 ~* -SeOCla+2HCl. 

This reaction can be carried out with solid sele- 
nium tetrachloride or with the selenium tetra- 
chloride suspended in carbon tetrachloride, 
chloroform, selenium oxychloride 01 other liquids. 

3. Dehydration of the Compound SeO^'zHCl. 

This substance, first described by Ditte, can be 
formed by bringing hydrogen chloride into con- 
tact with selenium dioxide [.Ann, chiiii. fhys.j [5} 
1877, X., 82). The two substances unite at moder- 
ately low temperatures to form an amber-col oured 
liquid of the formula Se02.2HCl. It is possible 
to remove the elements of water from this com- 
pound by means of phosphorus pentoxidc, calcium 
chloride, or a similar dehydrating agent. The 
reaction can be carried out m the laboratory in 
one of two ways. 

Selenium dioxide can be treated with hydrogen 
chloride, the resulting liquid mixed with excess 
of the dehydrating agent and the oxychloride dis- 
tilled off, or selenium dioxide can be first mixed 
with the dehydrating agent and this mixture" 
treated with hydrogen chloride. The operation 
can be conducted by either first passing hydrogen 
chloride into the mixture of selenium dioxide and 
dehydrating agent in the cold and subsequently 
heating to drive off the selenium oxychloride 
formed, or the mixture can be heated, hydrogen 
chloride passed in, and selenium oxychloride dis- 
tilled from the hot mixture as it forms. 

The author takes this opportunity of acknow- 
ledging the valuable help rendered by his assis- 
tant, Mr. A. J. Snyder, for various preparations 
of material in the above processes. — Journal of 
the American Chemical Society^ December, 1926. 


THE PREPARATION OF SOME 
HYDRAZINES.* 

By LEONARD THOMPSON, M.Sc. Tech. 

The hydrazine compounds were discovered in 
1871, in which year Strecker and Romer [Bfr,^ 
1871, 784) prepared potassium phenyl hydrazine 
sulphonate, CeHjNH.NHSOsK, by reducing dia- 
zobenzene nitrate with potassium bisulphite. E, 
Fischer [Ber.j 1875, 589) hydrolysed this cor»i 
pound and thus obtained phenyl hydrazine. 
Phenyl hydrazine is generally prepared either by 
FischePs method [Ber,j 1876, 1331) or by the 
method of Meyer and Lecco (Ber.^ 1883, 2976, and 
1884, 2972). 

In FischePs method, benzene diazonium chlor- 
ide is converted into benzene diazosulphonatc by 
pouring the diazo solution into a cold neutral 
solution of sodium sulphite. The diazo-sulphon- 
ate is most conveniently reduced by means ot 
zinc and acetic acid. The solution of phenyl hy- 
drazine sulphonic acid thus obtained is hydrolysed 
by hot concentrated hydrochloric acid, the phenyl 
hydrazine hydrochloride then being isolated and 
treated, with caustic soda to give the free base. 
The yield of purified base is 60-65 per cent. 

In MeyePs method a strong solution of benzene 
diazonium chloride is added to a cooled solut ion 

* Read before the Manchester Section of the Society of Dyers and 
Colourists, November 19, 1920. 
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of excess of stannous chloride in concentrated 
hydrochloric acid. The tin double salt of phenyl 
hydrazine hydrochloride separates, from which 
the base is obtained by treatment with caustic 
alkali. The maximum yield stated is 85 per cent. 

Phenyl hydrasuie p-sitl^honic acid.— This tech- 
nically important derivative was first prepared by 
Strecker and Romer (Ber.j 1871, 784) by treating 
diazotised sulphanilic acid with potassium bisul- 
phite and hydrolysing the resulting hydrazine 
sulphonate with hydrochloric acid. This method 
substituting sodium bisulphite, however, is used 
technically (A7i7ialeu 278, p. 297). Stannous 
chloride also brings about the reduction {Ber.^ 
1889, ref. 2 i 6), and sodium amalgam may be used 
to reduce the sodium iso-diazo salt {Ber.^ 1897, 
218). This hydiazine compound is also produced 
readily with quantitative yield bv sulphonating 
phenyl hydrazine (Ber.^ 1885, 3172; cf. also E. 
Fischer, Ajinalen^ 1878, p. 7()). 

Para-nitro phenyl hydrazine, — This is one of 
the most useful of the hydiazine compounds and 
is largely leplacing phenyl hydrazine itself, and 
the 2^-bromo derivative, for the preparation of 
characteristic derivatives of aldoses and ketoses 
owing to its stability' and the greater crystallising 
power of Its derivatives. i^-Nitro phenyl hydia- 
zine was first obtained by Purgotti (Ber,^ 1892, 
1 19), who used sodium bisulphite as the reducing 
general method of preparation is that 
of Bamberger and Kraus [Ber.j 1896, 1829), in 
which the neutralised concentrated diazo solution 
is poured into excess of neutral potassium sul- 
phite, when ^-nitro phenyl hydrazine disulphonate 
of potassium is produced. This is isolated hydro- 
lysed with hydrochloric acid, and the hydrazine 
base obtained by treatment with sodium carbon- 
ate and sodium acetate. The yield is given as 
almost quantitative. 

Sodium sulphite may be used instead of the 
potassiurn salt, the method being described by 
Cohn {Dze Pyrazolfarbstoffe), but this has several 
disadvantages. 

Meta-nitro phenyl hy dr mine, — This hydrazine 
derivative was first prepared and described by 
Bischlcr and Brodsky [Ber,, 1S89, 2809), who ob- 
tained it by the reduction of meta-nitro benzene 
diazonium chloride with stannous chloride. The 
tin double salt of w-nitro phenyl hydrazine hydro- 
chloride is produced, which is freed from tin by 
means of hydrogen sulphide. Yield, 50-60 per 
cent. The free base is obtained by treatment with 
sodium acetate. 

The preparation by the sulphite method does 
not appear to have been fully investigated (see 
Hantzsch and Borghaus, Ber,^ 1897, 8g). 

The hydrazine compounds enumerated above 
include the more important members of a class 
of compounds having numerous practical appli- 
cations. Thus they are used in the manufacture' 
of dyestuffs of the Tartrazine class, and in the 
identification and quantitative estimation of cer- 
tain aldehydes and ketones, especially the carbo- 
hydrates. 25-Nitro phenyl hydrazine has also been 
found to be a very useful reagent for the identi- 
fication of oxycellulose, though it has been proved 
to be useless for the quantitative estimation of 
this substance. It was with a tiew to its use for 
this purpose, however, that the present work was 
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undertaken In view of the results already pub- 
lished (Journ. Soc. Dyers and Colourists j Aug., 
1920) on the estimation of diazo compounds by re- 
duction to the corresponding hydrazine compound, 
it was thought desirable tO' try other reducing 
agents, and of these sodium hydrosulphite and 
titanous chloride have been experimented with. 

It is now found that phenyl hydrazine hydro- 
I chloride can be readily prepared directly by the 
reduction of benzene diazonium chloride with 
sodium hydrosulphite in presence of hydrochloric 
acid, according to the equation — 
C„H,NXl 4 - 2 Na,S, 0 ,+ 4 H 30 = 

CeHsNH.NH 3 .HCl+ 4 NaHS 03 . 

If solid sodium hydrosulpliite be used for the 
reduction, the reaction is not quantitative, a small 
quantity of bright red compound being formed. 
This is presumably azo benzene ;^-hydrazine sul- 
phonic acid, as observed by Grandmougin (Ber,^ 
1907, 858), who obtained in addition, a large pro- 
portion of diazoimides and sulphones, as well as 
the hydrazine sulphonate when carr\dng out this 
reduction with hydro-sulphite under different con- 
ditions. 

The preparation of phenyl hydrazine can be 
earned out by using only one molecule of hydro- 
sulphite, in which case the first product is phenyl 
hydrazine sulphonate of sodium. Besides being 
the cheaper process, this method gives a higher 
yield, as the volume of the solution is kept down 
to a minimum. 

i8-6 grms. of aniline are treated with 55 cc. of 
concentrated hydrochloric acid and 50 grms. of 
ice. The paste of aniline hydrochloride is cooled 
in a freezing mixture and diazotised with a cooled 
solution of 15 grms. of sodium nitrite in 30 cc. 
of w’ater, a clear diazo solution being thus ob- 
tained. 46 grms. of hydrosulphite (So per cent) 
is dissolved in 250 cc. of water containing a few 
drops of caustic soda to prevent decomposition, 
the solution being prepared in a stoppered flask 
of 250-300 cc. capacity. Both solutions are cooled 
to 0° C. ; 20 cc. of concentrated hydrochloric acid 
IS added to the diazo solution, and the hydrosul- 
phite solution is then added fairly rapidly to the 
well-stirred diazo solution. Complete reduction 
takes place immediately, sulphur dioxide is 
evolved, and some of the hydrazine sulphonate 
is precipitated, 100 cc. of concentrated hydro- 
chloric acid is added, and the solution boiled for 
a few minutes. A colourless solution of phenyl 
hydrazine hydrochloride is obtained, from which, 
on cooling to 0° C., the hydrochloride separates 
as a mass of white necidle-shaped crystals. This 
is Altered off, pressed, and dried. Yield, 24*5 
grms, (85 per cent of the theoretical). 

A further quantity can be obtained from the 
mother liquor by adding a large quantity of con- 
centrated hydrochloric acid. The mixture of the 
hydrazine hydrochloride and common salt which 
separates is removed by decantation and gives, 
on treating with caustic soda and extracting with 
ether, a further 1*5 grm. of the base (7 per cent 
theoretical), AUeroaJii^ely the mo-ther liquor may 
be rendered alkaline with strong caustic soda I 
tion and extracted with ether, giving a S‘ 

per cent yield of the besSe. Hence a yield of over . 
90 per cent of the hydrazine is obtained l>y this . 
method. The free base can be obtained „ 

hydrochloride in the ordinary way by shals^ng:,’*^ ! 
10-20 per cent caustic soda and eaffr^cl^ . 



42 


pCHEMICAL 

L January a*?*, 192 ! 


Prefaration of Sonic Hydrazines 


times with ether. The ethereal solution is dried 
with potash, filtered, freed from ether by distilla- 
tion, and purified by distillation under reduced 
pressure. 

The hydrosulphite reduction process has certain 
advantages over the methods of reduction in use. 
Sodium bisulphite is not a sufficiently strong le- 
ducing agent to bring about the reduction to hy- 
drazine sulphonate readily, hence Fischer used 
zinc and acetic acid as the leducing agent, but 
this cannot be used without first forming the diazo 
sulphonate. Hence a somewhat more energetic 
reducing agent than bisulphite, which moreover 
affects the reduction directly, is preferable, 
especially as there is no risk of further reductipn 
occurring at the hydrazine group. As compaied 
with V. Meyer’s piocess, the h\ drosulphite method 
has the advantage ot giving pure phenyl h\dia- 
zine hydrochloride, whereas in the former method 
practical ditliculties arc introduced by the pre- 
sence of tin The^ hydrosulphite process gives a 
better yield than either of the other methods 

The reactions are represented by the following 
equations — 

CoH,N,CH-Na,S,0,+H.O = 

C^H^NH.NHSOaNa+NaCl+SOa. 

CeH^NH NHSO,Na+HCl4-HaO = 

C,H,NH.NH,.HCl+-NaHSO,. 

Phenyl hydrazine f-sulphonic acid . — This can 
be readily prepared by a method similar to that 
used for preparing phenyl hydrazine, employing 
either one molecule or two molecules of hydro-- 
sulphite. In the latter case the hydrazine is 
obtained directly with a yield of about 53 per 
cent. Using one molecule of reducing agent the 
method is as follows : The solid diazo anhydride 
is first prepared by dissolving iq grms. of rc- 
crystalliscd sulphanilic acid in 23 cc. of 20 per 
cent caustic soda and 100 cc. of water. Seven 
grms. of sodium nitiite are added, and the solu- 
tion is poured into a cold solution of 12 cc. of 
'strong sulphuric acid in loo cc. water. The pre- 
cipitated diazo compound is filtered off. The 
diazo compound in the foim of a paste is reduced 
with a cooled solution of 22 grms. of hydro- 
sulphite in 125 cc. of watci, 20 cc. of hydrochloric 
acid being added during the reduction. The clear 
yellow solution of the 2^-sulphonic acid of phenyl 
hydrazine sulphonate of sodium which is thus pio- 
duced, IS easily hydrolysed by boiling with a 
further 30 cc. of hydrochloric acid. The free 
hydrazine is obtained directly as this hydrazine 
derivative forms no hydrochloride; 8*5 grms. of 
the pure base are obtained on crystallising, and 
the mother liquor gives a further 3 grms. ou boil- 
ing down. This gives a total yield of 60 per cent 
ot the theoretical, calculated on the original 
amine. 


/N : N 

C.H.<' /+Na,S30.+ HCl+H,O = 

^ SO, 

SO.H.C,H,NH.NHSO,Na4-NaCl+SO, 
SO.HC.H,N,H,S0,Na+H,O = 

. . SO,H.C.H,NH.NH,+NaHSO, 

“terestmg to note that the theoretica 
reducing agent is employed, whereai 
in the ordmarj' method about 24 times the theore 
tical quantity of bisulphite is generally used. 

* kydrashie.—rh^ reduction o 

^-mtro benzene diazonium chloride with hydro 
sulphite does not give satisfactory results unde 


the cohditions given above, or, indeed, under any 
of our experimental conditions. This is due to 
several factots. />-Nitio phenyl hydiazine differs 
from the hydrazines already dealt with in being 
further reducible both^at the hydiazine group and 
the nitro gioup the ’ultimate leduction pioduct 
being /-phenylene diamine. Consequently, the 
bulphonic gioLips cannot be removed from the 
hydrazine disulphonate by the fuithcr action of 
hydrosulphite. Moi cover, it is not theoretically 
possible to- prepaic the hydrazine disulphonate by 
the action of hydrosulphite alone, whether the 
latter goes to sulphite or sulphate, and there is 
no monosulphonatc. Furtheimore, the product of 
the reduction always rcsinifics, thus accounting 
lot the presence of uni educed diazo sulphonate. 
The best yield of h>dia/ine was obtained under 
the following conditions: 42 grms. o-f /-nitrani- 
line wcie boiled with 2ou cc of water and lou cc. 
of conccntiated hydrochloric acid, and the solu- 
tion cooled in a ficczing mixtuic. This was diaz- 
otised at a low tcmperatuie by r-apidlv adding 24 
grms. of sodium nitrate dissolved in 50 cc. of 
water. The filtcied diazo' solution was tieatod 
with 30 cc. of concentrated hydrochloric acid, 
stiircd mechanically, and slowly reduced at a 
temperature not exceeding 2® C. wdlh 130 grms. 
of hydrosulphite dissolved in 700 cc. of w’ater. 
The solid product contained both the hvdiazine 
hydrochloTide and hydrazine disulphonate, and 
gave 13 grms. of the hydrazine base after hydro- 
lysing and treating w'Uh sodium carbimate and 
sodium acetate. The mothci liquor gave b grms, 
of the base on neuluiUsing, and after salting out 
the remaining hydiazine disulphonate, this gave 
a further 4 gims. of the base. By extracting with 
ether a further small quantity was obtained. This 
makes a total yield of 24 grms. or 53 pei cent of 
the theoretical. 

When the reduction is carried out in sodium 
carbonate solution, the main product appears to 
be 2^-nitio diazo benzene imide. 

Para-mtYo phenyl hydrazine can, however, be 
prepared by reduction of sodium /^-nitro isodiazo 
benzene with hydiosulphite in alkaline solution, 
the method being similat to that used for the esti- 
mation O'f this diazo or nitrosamine compound. 
The product is a tautomeric form of i^-nitro 
phenyl hydrazine which is supposed to have a 
quinonoid structure and forms a sodium salt, as 
shown by Baly and Tuck (/. Cheni. Soc.^ igoO). 

C) 

N— ^N— NH, 

/ 

NaO 

This gives the ordinary hydiazine on neutral- 
ising with acid. The pioduct obtained in this 
preparation consists of a mixture of /-nitro phenyl 
hydrazine w’ith a small proportion of the hydra- 
zine disulphonate. It is best to isolate the nitros- 
amine compound and to catry out the reduction 
fairly rapidly so as to minimise the piopoition of 
hydrazine disulphonate formed. Under certain 
pnditions the product is obtained on neutralising 
in a finely divided form wffiich is difficult tc 
isolate. This is obviated if the acid hydrolysis 
is carried out as described below without isolating 
the hydrazine. The production of hydrazine com- 
pound was shown by titrating the solution result- 
ing from this preparation to be practically quan- 
titative. 


THE CHEMICAL NEWS, January 28, 1921 


THE 

CHEMICAL NEWS 

AND 

JOURNAL OF PHYSICAL SCIENCE. 

VITH WHICH IS INCORPORATED THE “CHEMICAL. GAZETTE " 

% |0tintal 0f ^ractual Cbeimstnj 

IN ALL ITS APPLICATIONS TO 

PIIA.RMACY, ARTS, AND MANUFACTURES. 


edited by 

JAMES H. GARDINER, F.C.S. 


VOLUME CXXI. igao 


LONDON : 

PUBLISHED AT THE OFFICE, 97, SHOE LANE, E.C.j^. 
AND SOLD BY ALL BOOKSELLERS. , 





Chemical News, i 
January 28, 1931 f 


LONDON ; 

PRINTED BV H. O. LLOYD & CO., 
327, UPPER STREET, ISLINGTON, 


LTD 

N.J. 



anuary z8, 1921 


INDEX. — SUPPLEMENT TO THE CHEMICAL NEWS, 


325 


INDEX. 


A CETALDEHYDE, emanation 
from npeapples, 129, 139, 147 
^cid, acetic, dibtnbution between 
water and charcoal, 49 
carbonic, dilatation and com- 
pressibility of liquid, 248 
hydrocyanic, action on glucose, 
131 


nitric, synthetic, 10 
phosphoric, and nitrogen of 
wheat, 262 

l.erouautical engineering, appli- 
cations of electro-deposition 
m, 309 

Africa, South, associated scien- 
tific and technical societies 
of, 83 

Aggregation at the melting point, 
87, 151 

Aitchison, Leslie, electroplating 
for the prevention of corro- 
sion, 309 

Ucohol fuel development, 203 
fuel patents, 131 

Aliphatic compounds, simple 
relations between the con- 
stitution of, and their sweet 
taste, 159 

Alkali rocKS, origin of, 273 


Allen, G. D., service experience 
with condensers, 166 
Alsace, Upper, potash deposits 
of, 1^ 

Alsatian potash, 119 
potash salts, 250 
Aluminium, 178 
and Its alloys, plating of, 9 
and magnesium alloys, con- 
stitution, 154 

America, rat extermination for 
the United States, 167 
Ammonia-soda process, 295 
Anglesey, geology of, 11 
Aniline stannichloride, quinoline 
trom, 239 

Antimony — copper — tin alloys, 

constitution and structure, 
155 

Apparatus for collecting samples 
of water at great depths, 297 . 
Victor Meyer^s, 249, 307 


Apples, odorous constituents of, 
and emanation of acetalde- 
hyde from the ripe fruit, 
129, 139, 147 

Armstrong, E, F and T. P. 
Hilditch, study of catalytic 
actions at solid surfaces, 43 


Association of British Chemical 
Manufacturers, 215 

Aston, F W. and T. Kikuchi, 
moving stnations m neon and 
helium, 46 

Atmosphere, relationship between 
pressure and temperature in 
the free, 248 

Atomic structure, magnetism and, 
272 

weight of lead from a Japanese 
radio-active mineral, 5 
weight of tin, revision, 3 
weights, report of international 
committee, 73 

Atoms, proximity in gaseous 
molecules, 272 

structure of, and its bearing on 
chemical valence, 29 

Attar of roses, production in 
Bulgaria, 52 


TDACTERIA of the Hevea 
Latex, 274 

Ballard, W E and T G. Bam- 
ford (See Bamford, T. G.) 

Bamford, T. G and W. E. 
Ballard, influence of gases on 
high-grade brass, 164 

Barberry, fruit of the Japanese, 
61 

Barclay, W, R., electro silver 
plating and its technical 
development, 310 

Barium, spectrum of, revision of 
the series in, 11 

Barker, G. and E. Tomkmson 
(See Tomkinson, E.) 

Barnett, Edward de Barry, modi- 
fication of Skraup’s quinoline 
synthesis, 206 

Barr, Guy. new relay for heavy 
currents, 287 

Barratt, S .origin of the cyanogen 
bands, 46 

Barratt, T. and A. J. Scott, radia- 
tion and convection from 
heated surfaces, 8 

Barrett, Edward P. and J. P. 

# Bonardini (See Bonardini, 

J. P.) 

Barry, Paul, colloidal sulphur, 
142 

Bateson, William, genetic segre- 
gation, 7 


Baumann, Julius, Portland ce- 
ment and calcio cyanamide, 
323 

Benn, E. J. P , are profits 
necessary ? 11 

Bennett, A. G., occurrence of 
diatoms on the skin of whales, 
45 

Bergengren, Mr., spectra of 
absorption of phosphorus for 
X rays, 268 

Bertolo, P., lemon seed oil, 32B 

Bingham, Kathleen, £ , allotropy 
of zinc, 167 

Birmingham University, 191 
University and research, 202 

Bismuth, gravimetric estimation 
as phosphate and its applica- 
tion in ore analysis, 297 

Bloch, Leon and Eugene, spectra 
of samples of mercury, 
copper, zinc and thallium in 
the extreme ultra-violet, 298 

Bohemian glass industry, 47 

Bonardini, J. P. and Edward P. 
Barrett, determination of 
molybdenum, 196. 206, 231, 
245, 256 

Books, Reviews and Notices of— 
‘‘Berzelius, Letters of,” 22 
“ Bygone Beliefs,” 46 
“Chemistry, Intermediate 
Text-book of,” 9 * 

“ Margarine,” 260 
“ Oils, Fats and Waxes, Animal 
and Vegetable,” 58 
** Techno - Chemical Receipt 
Book,” 46 

Borates, 194 

Bougault, J. and J. Perrier, action 
of hydrocyanic acid on glu- 
cose, 131 

Bourquelot, Emile, glucosaue, 
107 

Bouton, C. M. and L. H. 

! Duschak, determination of 


mercury, 23 

Bouvier, Pierre, and Pierre 
Jolibois (See Jolibois, P.) 

Bracken rhizomes and their food 
value, 320 

Brackenbury, Cynl, automatic 
counting machine for check- 
ing tram waggons, 296 

Bradford Technical C'ollege, 178 

Brannerite, 22 

Brannt, Wm. T. and Wm. H. 
Wahl, * * Techno-Chem ical 

Receipt Book ” (Review), 46 


Brass, beta, features m the 
behaviour of, when cold- 
rolled, 166 

foundry practice at Messrs. 

Vickers, Limited, 163 
influence of gases on high- 
grade, 164 

British Association, presidential 
address, 97, 109 

chemical section, presidential 
address, 121 

engineering section, presiden- 
tial address, 171, 188 
British chemical glassware, 263 
Industries fair, 1921, 143, 155 
Brook, G B , appointment, 48 
crystalline structure of electro- 
deposited silver, 311 
Brook, G B.,and L. W. Holmes, 
chemical composition of old 
silver-plating solutions, 310 
Brotherton's, ammonia distillery, 
178 

Bucdhlans, W , linseed oil sub- 
stitutes, 311 

Bulgaria, production of attar of 
roses in, 52 

Burgess, George K., temperature 
measurements ia steel fur- 
naces, 289 

Burgess, W T , apparatus for 
collecting samples of water 
at great depths, 297 
Butterworth, J. F., results 
achieved m industry by 
modern methods, 70* 77 


^ADMAN, Sir John, appoint- 
^ ment,23 

Caffeine from coffee soot, 27 
Calcification of the vertebral 
centra in sharks and rays, 2^ 
Calcio cyanamide and Portland 
cement, 323 
Calcium, 63 

Campbell, J. Morrow, origin of 
primary ore deposits,- 249, 
m 291, 304 

Camphor, examination of Chinese 
crude, 3 

Canada as a source of helium, 190 
Canadian Auto Accessories Co, 
enquiries, 2% 

University, pliysical apparatus 
for, 3 




326 


INDEX. — SUPPLEMENT TO THE CHEMICAL NEWS. 


January 28 , 1921 


Carbon dioxide and nitrous oxide, 
similarity between, i2l72 
Carnauba wax, 322 
Carpenter, H. C. H., and Con- 
stance F. Elam, crystal 
growth and recrystallisation 
m metals, 154 

Carr, Byron, eleotro-deposition of 
cobalt, 309 

Carteret, Georges, titanium atid 
Its industrial applications, 287 
Casmey, W, H., coal economy 
from a national standpoint, 
222, 233 

Catalytic actions at solid surfaces, 
43 

activity of copper, 44 
Caterpillar, analysis of droppings 
of, 181 

Cellular immunity, 296 
Cement, Portland and oalcio 
cyanamide, 323 

Chapman, E. H., relationship 
oetween pressure and tem- 
perature at the same level in 
the free atmosphere, 248 
Charcoal, absorption of colouring 
matters by, 62 

and water, distribution of acetic 
actd between, 49 

Chatterji, N. G., and N. R. Dhar, 
physics and chemistry of 
colloids and their bearing on 
industrial questions, 253 
Chemical Society, 47 
Chemical glassware, British, 253 
industry, gas manufacture and 
282 

Chemicals, research, 216 
Chesnut, Victor K and Frederick 
- B, Power {See Power, F. B ) 
Chile, discovery of cinnabar in, 
256 

China, tungsten mining in, 6 
Chinese crude camphor, examina- 
tion. 3 

Chree, C., simultaneous values 
of magnetic declination at 
different British stations, 44 
Chrome ore and chromium, 214 
Chromium in steels, estimation 
cf small quantities, 297 
Cinnabar, discovery of Chile, 266 
Clarke, J. Percy, appointment, 
194 

Clays and electrical osmosis, 71 
Clayton, William, “Margarine” 
(Review), 250 

Coal as a future source of oil fuel 
supply, 223, 237 

economy from a national stand- 
point, 222, 233 
hre, 156, 2S3 

Coal-gas and air, internal energy 
of inflammable mixtures of, 
after explosion, 308 
Coates, J. E., appointment ,48 
Cobalt; electro-deposition of, 309 
Cobalti— amines, constitution, 

physico-chemical researches, 
10 

Cobra venom, natural and 
acquired immunity to, 296 
Collins, E. J., genetics of sex in 
fumana hygrometnca, 262 
Collins, Hawksworth, constitu- 
tion and structure of the 
radio-active elements, 243 
constitution and structure of the 
chemical elements, 157, 219 
five mam principles in the 
constitution and structure of 
the chemical elements, 182 
structure of matter, 59 
Colloids, physics and chemistry 
of, and their bearing on 
industnal questions, 60, 178, 
202, 217, 229, 241, 253, 301, 313 
use m electro-deposition of 
metals, 309 

Colour industry, Dutch, 324 
Colouring matters, absorption by 
charcoal, 62 

Commerce, need for Government 
assistance for, 301 
Condensers, service experience 
with, 166 


Conveiters, magnesite-lined, con- 
verting high-grade matte m, 
297 

Cooke, C. J, Bowen, obituary, 

228 j 

Cooling, convective, and the 
theory of dimensions, 9 
Copaux, H. and C. Phillips, heat 
of oxidation of glucinum, 250 
Copper, catalytic activity of, 44 
spectrum in the extreme ultra- 
violet, 298 

tin, antimony, alloys, con- 
stitution and structure, 165 
Corrigan, J Fredenck, isotopism, 
88,102 

Corrosion, electro-plating for 
prevention of, 309 
Coste, J. H.jStre^tfield memorial 
lecture, 265 

Counting machine, automatic, for 
checking tram waggons, 296 
Crookes, B. H., relativity, 239 
radiometer, modified form, 126 
Crop yields of the Northern 
hemispheres in 1920, 250 
Crops, cereal, prospects, 22 
Crystal growth and recrystallisa- 
tiou in metals, 154 
Currents, new relay for heavy, 
287 

Cyanogen bands, origin of, 45 


pyARLEY, J. H. and O. F. 
^ Hudson (Sc« Hudson, O F.; 
David, W.T., internal energy of 
inflammable mixtures of coal- 
gas and air after explosion, 
308 

radiation in explosions of 
hydrogen and air, 248 
Davies, Ann C. and F. Horton 
(See Horton, F.) 

Delepine, Marcel, ethylene sul- 
phide, 59 

Dhar, N, R. and N, G. Chatterji 
(See Chatterji, N. G.) 

Diatoms on the skin of whales, 
45 

Dickenson, J. H. S., note on the 
failure of manganese bronze, 
166 

Dimensions, convective cooling 
and the theory of, 9 
Disinfecting fluid, 179 
Dovey, E. R., examination of 
Chinese crude camphor, 3 
Druce, J. G, F,, qulnoltne from 
aniline stannichloride, 239 
volumetric methods for esti- 
mating tin, 173 

Duckham, Sir Arthur, coal as a 
future source of oil fuel 
supply, 223, 237 

Dupre, P, V. and F. H, Dupre, 
notes on the reactions be- 
Iween fulminate of mercury 
and sodium hyposulphite, 5^ 
Duschak, L. H. amd C M. Bou- 
ton (See Bouton, C. M ) 

Dutch colour industry, 324 
Dyes and the textile industry, 284 
Dyson, F. W., theory of rela- 
tivity, 298 


D WARDS, Fred. , G,, equation 
^ of state, 3 

Edwards, J, D. and S. F. 
Pickering, permeability of 
rubber to gases, 176 
Elam, Constance F. and H. C. H. 
Caijeger (See Carpenter, 

Elastic plate in contact with 
water, vibrations of. 247 
Electric furnaces, Wilde-Barfield, 
215 

Electrical osmosis, clays and, 71 


Electricity meters for New 
Zealand, 119 

Electro-deposited silver, crys- 
talline structure of, 311 
Electro-deposition, applications 
in aeronautical engineering, 
309 

of cobalt, 309 

of metals, use of colloids m. 
309 

Electrolysis of zinc sulphate 
solutions, commercial, ^ 
Electro-plating, discussion on, 
216 

for prevention of corrosion, 
309 

Electro-silver plating and its 
technical development, 810 
Electron collisions with atmo- 
spheric neon, effects of, 46 
Electrons and nuclei, 118 
emission under influence of 
chemical action, 272 
Elements, chemical, constitution 
and structure, 157, 182, 219 
periodic classification of, 269, 
804 

radio active, constitution and 
structure, 243 

Empire motor fuels committeei 
72 

Equation of state, 3 
Error, reduction by linear com- 
pounding, 44 
Ethylene sulphide, 59 
Evans, B. S,,iiew process for the 
estimation of small quantities 
of chromium in steels, 297 
Evans, J. W., origin of the alkali 
rocks, 273 

Evaporation, spontaneous, 80 
Ewe, George E., caffeine from 
coffee soot, 27 
calcium, 53 

Exhibition, Advertising, 131 
British Empire, 179 
International Advertising, 226 
Machine Tool Trades, 131 
Royal Photographic Society, 
176, 179 

Explosions of hydrogen and air, 
radiation in, 


pARADAV Society, 202 

and Institute of Metals, 308 
Farmer, John Bret land, appoint- 
ment, 167 
Felspar, 153 

Fibrolite as a gem -stone from 
Burma and Ceylon, 273 
Field, S.j commercial electrolysis 
of zinc sulphate solutions, 
309 

deposition of gold-silver alloys, 
311 

Fielding, William R., aggregation 
at the melting point, 87, 151 
Firebricks, clay, porosity and 
volume changes at furnace 
temperatures, 27 
Flett, Dr, J. S., appointment, 47 
Flint implements, rostro-carinate, 
and allied forms, 42 
Food Investigation Board, report 
for the year 1919, 199, 210, 
286, 246, 258 

Forces in surface films, 273 
France, Haber discoveries m, 107 
Fringe systems in uncompensated 
interferometers, 287 
Frog, South African clawed, 
reflex times in, 296 
Fryer, Percival J., time factor in 
saponification, 297 
Fuel, alcohol, development, 203 
alcohol, patents, 131 
economy, 133, 145 
oil, coal as a future source of, 
223,287 

question in Norway, 323 
Fuels, empire motor, 72 
Fuller’s earth, 165 
Furnaces, electric, Wilde-Bar- 
field, 216 

steel, temperature measure- 
ments in, 289 


^AS absorption, effect of pres- 
^ sure on, 1 

manufacture and chemical 
industry, 282 

Gases, influence on high-grade 
brass, 154 

luminous, effect of concentra- 
tion on spectra of, 308 
Re-examination of the light 
scattered by, in respect ot 
polarisation, 42, 248 
Gasnier, Maxiine and Leon 
Guillet (See Guillet, L ) 
Gayler, Marie L, V, and D 
Hanson (See Hanson, D.) 
Genetic segregation, 7 
Geology of Anglesea, 11 
Germany, economic conditions 
of, 10 

imports from, 107 
Glands suprarenal, effect of 
certain dieUry deficiencies 
on, 262 

Glasgow, Biitish Industries Fair, 
179 

Glass industry, Bohemian, 47 
silica, double refiaction and 
crystalline structure of, 307 
Glassware, British chemical, 253 
increasiug demand for, 41 
Glucinum, heat of oxidation, 250 
Glucosane, 107 

Glucose, action of hydrocyanic 
acid on, 131 

Glycerin, production from sugar, 
261 

Gold-silver alloys, deposition of, 

Goucher, F. H., ionisation and 
excitation of radiation by 
electron impact in helium. 
286 

Grinding wheels, their manufac- 
ture, etc., 19 

Guild, J., fringe systems in 
uncompensated interferome- 
ters, 287 

lotion of interference fringes, 

Guillet, Leon, and Maxime Ga»- 
mer, plating of aluminium 
and its alloys, 0 

Gum, Kauri, umuslry, develop- 
ment in New Zealand, 52 
Gun-melal, admiralty, effect of 
increasing proportions of 
antimony ana arsenic respec- 
tively upon the properties of, 

16<i 

Gumi, J. A, and R, St. A. 
Ileathcote, cellular immunity, 
observations on natural and 
acquired immunity to cobra 
venom, 296 


T_J Is It composed of a whole- 
number part (Z) plus an 
auxiliary part (B) and a 
rotating electron f C) ?, 315 
Haber discoveries in France, 107 
Hackh, Ingo W. D., Isomerism, 
tautomerism and pseudo- 
merism of organic compounds 
and their relation, 85 
Hall, Norris F,and Theodore W. 
Richards, (See Richards 
T. W.) 

Hallimond, A. F., Monticellite 
from a mixer slag, 273 
Hallimond, A.F. and H. H. 

Thomas. Thomas, II. H.) 

Hanson, D. and Marie L, V. 
Gayler, constitution of the 
alloys of alii minium and 
magnesium, 164 
Hardy, W. B., appointment, 23 
Hatschek, Emil, physics and 
chemistry of colloids and 
their bearing on industrial 
questions, 241 

Heathcote, R. St. A. and J. A. 
Gunn. (See Gunn, J. A.) 



inuary 28 , 1921 


INDEX. — SUPPLEMENT TO THE CHEMICAL NEWS. 


327 


[elium, Canada as a source of, 
190 

commerctal manufacture, 63 
ionisation and excitation of 
radiation by electron impact 
m, 286 

and neon, moving stnations 
in, 46 

spark spectra in., of various 
elements, 43 

spark spectra in, of various 
elements in the extreme ultra- 
violet, 43 

lendrick, James, bracken 
rhizomes and their food 
values, 320 

lerdman, William A , address to 
the British Association, 97, 
109 

ierring, P. T-, effect of thyroid- 
feeding and of thy ro para- 
thyroidectomy upon the 
pituitnn content of the 
posterior lobe of the pituitary, 
the cerebrospinal fluid and 
blood, 295 

leycock, C. T*, address to the 
Chemical Section of the 
British Association, 121 
Jighheld, John Somerville, W 
R. Ormandy and D. Northall- 
Laurie, commercial applica- 
tion of electrical osmosis, 14 
Jilditch, T. P. and E. F. 
Armstrong (See Armstrong, 
E. F.) 

Jill, Leonard, growth of seedlings 
in wind, ^5 

■lodges, E. Rattenbury, note on 
aluminium, 178 

Jogben, L. T,, studies on 
synopsis,' 296 

Jolmes, L. W. and G. B. Brook 
(See Brook, G, B.) j 

Jorton, F. and Ann C. Davies, 
effects of electron collisions i 
with atmospheric neon, 45 
fJudson, O. F. and J. H. Darley, 
constitution and structure of 
certain tin-antimony-copper 
alloys. 165 

Hughes, W. E-, use of colloids in 
the electro-depositiou of 
metals, 309 

Hydration as an explanation of 
neutral salt effect, 74 
Hydrides, metallic, 177 
Hydrogen and air explosions, 
radiation in, 248 

Hydrogen sulphide, precipitation 
of mercuric salts by, 46 


T NCLINOMETER. electrical 
* hot-wire. 8 

Industry, results achieved in, by 
modern methods, 70. 77 
institute of Chemistry, 71 
of Metals, 118, 201, 308 
of Metals, annual meeting, 163, 
166 

institution of Electrical En- 
gineers, 240, 298 
of Mining and Metallurgy 244, 
2-19,296 

of Mining Engineers, 118 
of Petroleum Technologists, 
223, 237 

interference fringes, location of, 
286 


Interferometers, fringe systems 
in uncompensated, 287 
Ionisation and valency, 83 
Ions, influence on the osmotic 
pressure of solutions. 64 
Ireton, H- J. C., J. C. McLennan 
and J. F. T Young. (See 
McLennan, J. C.) 

Irish Sea, tidal motion in, 44 
Iron and Steel Institute, ^ 

Iron cast, trade, grey and 
> malleable, 203 
Isomerism, tautomerism and 
pseudomerism of organic 
compounds and their relation. 
8$ 


Isotopes, 105 

lead, melting points and thermo- 
electric behaviour, 185 
Isotopic B, Si, Br and S (’), 
non-isotopic F, As, and P (’), 
69 

Isotopism, 88, 102 


JAPANESE barberry, fruit of, 

J 61 

Java sugar industry, importance 
of, 38 

Jeffery, G. B., plane stress and 
plane strain in bipolar co- 
ordinates 44 

Jeffreys, H., tidal friction in 
shallow seas 43 

Jenkin, C. F , address to the 
Engineering Section of the 
British Association. 173 188 
dilatation and compressibility 
of liquid carbonic acid, 248 

Job, M. A,, physico-chemical 
researches into the constitu- 
tion of the cobalti-animes, 10 

Johnson F., some features in 
the behaviour of Beta brass 
when cold-rolled, 166 

JoHbois Pierre, and Pierre 
Bouvier, precipitation of 
mercunc salts by hydrogen 
sulphate, 46 

Jolly, W. A , leflex times in the 
South African clawed frog, 
296 

Jumelle, M., the Takota tree, 322 

Juntz, Charles F., analysis of 
droppings of caterpillar, 181 


ATOKA tree, 322 

Kellaway, C, H , effect of certain 
dietary deficiencies on the 
suprarenal glands, 262 

Kellaway, F. G,, the need for 
government assistance to 
commerce, 301 

Kemper, Graham H., production 
of attar of roses in Bulgana, 
62 

Kern, Erwin J. and John Arthur 
Wilson. (See Wilson, J. A.) 

Kikuchi, T and F. W. Aston. 
iSee Aston, F. W.) 

KillDv, L. G., appointment, 202 

Kingdon, J. H., low voltage 
ionisation phenomena in 
mercury vapour, 43 

Kloyd,John Un, when is poison 
not a poison? 37 

Knecht, Edmund, absorption of 
colouring matters by charcoal 
62 

Knight, Nicholas and J. B. 
Shumaker Shumaker, 

J. B.) 

Krepelka, Henry, revision of the 
atomic weight of tin, 3 


J AMB, H., vibrations of an 
^ elastic plate m contact with 
water, 247 

Langmuir, Irving, structure of 
atoms and its bearing on 
chemical valence, 29 
Lankester, Sir Ray, some rostro- 
cannate flint implements and 
allied forms, 42 

Lead* alleged allotropic form of 
ij. metallic, 267 

from a Japanese radio-active 
mineral, atomic wei|ht, 6 
isotopes^ melting points and 
thermo-eliectnc behavioiir, 185 


Lemon seed oil, 322 
Lewis, A. C. and J, C. McLennan 
(See McLennan, J. C.) 
Lewton-Bram, L,, rubber seed 
oil, 206 

Libellula depressa, nuclear 
organisation of the germ cells 
in, 296 

Liebig's Extract of Meat Com- 
pany, Limited, 194 
Light, absorption and scattering 
of, 271 

scattered by gases, re-examina- 
tion in respect of polarisation, 
42, 248 

Lmseed oil, processes of dessi- 
cation of, 303 
oil substitutes, 311 
Liquid mixtures, refractometer 
for determination of, 273 
Livingstone College, 23 
Loeb, Jacques, influence of ions 
on the osmotic pressure of 
solutions, 64 

London, City and Guilds of, ! 
Institute, 83 

Loomis, George A., porosity and 
volume changes of clay fire- 
bricks at furnace tempera- 
tures, 27 

Loring, F. H., clays and elec- 
trical osmosis, 71 
electrons and nuclei, 118 
Is H composed of a whole- 
number part (A\ plus an 
^ auxiliary part (B) and a 
rotating electron (C) ?, 315 
Isotopic B, Si, Br, and S (’), 
non-isotopic F, As and P (’), 

. 59 

Relativity, a few selections 
from recent literature, 277 
Structur*- of matter and the 
quantum theory, 2 
Structure of matter: isotopes, 
105 

Valency and ionisation, 83 
Lubrication and the germ process, 
133 


TV/TcAULAY, A , multenions and 
differential invariants, 308 
McLennan, J. C., Canada as a 
source of helium, 190 
McLennan, J. C. and A. C. Lewis, 
spark spectra of various 
elements in helium in the 
extreme ultra-violet, 43 
McLennan, J. C., J F. T. Young 
and H. C. Ireton, arc spectra 
in vacuo and spark s^ctra in 
helium in various elements, 
43 

Madagascar, chemical compoiri- 
tion of two palm tre« seeds 
of, 285 

Magnesite, 175 
and shell-making, 203 
lined converters, converting 
high-grade matte in, 297 
Magnesium and aluminium alleys 
constitution, 154 

Magnetic declination, simulta- 
neous values, at different 
British stations, 44 
susceptibility, measurement of 
low, by an instrument of a 
new type, 308 

Magnetism and atomic structure, 
272 


flallock. A., influence of tempera- 
ture on the rigidity of metals, 
42 

Janchester CoUege of Techno 
logy war memorial, 2 (^ ^ 
Janchester Literary and Philo- 
sophical Society, 215 
Hanganese bronze, note on fajli^ffle 
of, 166 ^ ^ 

Jartin, Geoffrey, ‘‘Animal and 
Vegetable Oils!,. Fhts <^i^d 
Waxes (re view!, 58 
«ason> Frank, new maximum 
current density in commeri^ 
sUver-piasting;, 310 


Mason, O’Neal, fruit of the 
J apanese barberry, 61 
Matiguon, Camille, tungsten, 10 
Matte, converting high-grade, in 
magnesite-lined converters, 
297 

Matter, structure of, and the 
quantum theory, 2 , 59 
structure of, isotopes, 105 
Medicines, proprietary, Bill, 167 
Melting point, aggregation at, 
87, 151 

Mercuric salts, precipitation by 
hydrogen sulphide, 46 
Mercury determmation, 23 
spectrum in the extreme ultra- 
violet, 298 

vapour, low voltage ionisation 
phenomena in, 43 
Mercury fulminate and sodium 
hyposulphite, reactions be- 
tween, 298 

Merton, T. R., effect of concen- 
tratioji on the spectra of 
luminous gases, 308 
Merton, T. R. and J. W. Nichol- 
son (See Nicholson, J. W.) 
Metals, crystal growth and re- 
crystallisation in, 164 
electro-deposition of, use of 
colloids in, 309 

failure under internal or pro- 
longed stress, 179 
influence of temperature on 
the rigidity of, 42 
Metric system, 195 
Milk products in America and 
Europe, 47 

Mineral resources of Great 
Britain, 274 

resources of the world, 153, 
165, 175, 194. 214 
wealth of Eastern Siberia, 215 
' Minerals with four variable 
components forming two 
isomorphous pairs, com- 
parison of, 273 
i Mmeralogical Society, 273 
j Molecules, gaseous, proximity 
of atoms in, 272 

Molybdenum, determination, 196, 
206. 231, 245, 256 
Monazite, 214 

Montague, Wallace T,, grinding 
wheels, their manufacture, 
etc., 19 

Monticellito from a mixer slag, 
273 

Mouypenny, J, H. G., stainless 
steel, 318 

Multenions and differential in- 
variants, 308 

Myers, Rollin G. and Ernest 
Oertly (See Oertly, E ) 


N ational physical Labora- 
tory report for 1919, 274 
Neon and helium, moving 
striations in, 46 

atmospheric, effects of electron 
collisions with, 45 
New York, soft waters of central, 
25 

New Zealand, development of 
kauri gum industry in, 52 
electricity meters for, 119 
Nicholson, J.W. and T R Merton 
effect of asymmetry on wave- 
length determinations, 308 
Nickel catalyst, rate of change 
conditioned by, and its hearing 
on the law of mass action. 43 
Nitrogen and phosphoric acid of 
wheat, 262 

Nitrous oxide and carbon dioxide, 
similarity between, 272 
Nodder, C. R., convenient form 
thn periodic o las sif ^ ton 
of the eaements, 269 i - 
Noli palm, 323 

Northall-Lanrie, JD., John Somer- 
ville Highflrdd ai^ W. R. 
Ormandy. (See 

Norway, fne! 

try, 3^ " J i i ' 



328 


INDEX. — SUPPLEMENT TO THE CHEMICAL NEWS. 


January aS, 1921 


r\BITUARY, Cooke, C. J. 

^ Bowen, ‘2*28 

Oceanography and the fsea- 
fisheiies, 79, 109 

Oertly, Krnest and Rollin G. 
Myers, new theory relating 
constitution to);taste, 159 

Oil cakes, selecting, 323 
fuel supply, coal as a future 
source of, 223, 237 
lemon seed, 322 
linseed, processes of dessica- 
tion of, 303 

linseed, substitutes, 311 
rubber seed, 206 

Onnes, Kainerlingh, appoint- 
ment, 10 

Ore deposits, oiigin of primary, 
249, 278, 291, 304 

Organic compounds, isomerism, 
tautomensm and pseudo- 
mensin of, and then relation, 
85 

Oiinaudy, W. R, physics and 
chemistry of colloids and 
their be.inng on industrial 
questions, 301 

Oimandy, W. R , John Somerville 
Highfield and D. Northall- 
Lauiie. {See Highfield, J Sd 

Osmosis, electrical, commeicial 
application of, 14 

Osmotic pressure of solutions, 
influence of ions on, 64 

Oxley, A. E , magnetism and 
atomic structure 272 

Ozonise! for laboratory work, 
new form of, 193 


pALM, Noll, 323 

Palm tree seeds of Madagascar, 
c'hemicdl composition of two, 
285 

Palmer, W. G., catalytic activity 
of copper, 44 

Pans, world's market m, 119 
Partington, J. R., periodic classifi- 
cation of the elements, 304 
Pascal, Paul, synthetic nitric 
acid, 10 

Patents, new, 300, 312 
Patterson, T. S., slight modifica- 
tion in V ictor Meyer’ s vapour | 
density apparatus, 307 
Peachey, S. J., new process fori 
vulcanising rubber, 5 1 

Periodic classification of the 
elements, 269 1 

Perrier, J. and J. Bougault {See 
Bougault, J.) 

Petrunkevitch, Alexander, 
Russia’s contribution to 
science, 32, 39, 56, 67 
Philips, C and H.^Copaux {See 
Copaux, H.) 

Phosphorus, spectra of absorp- 
tion of, for X rays, 268 
Physical Society, 7, 202, 286 
Pickering, S F. and J. D. 

Edwards {See Edwards,!. D.) 
Pickering, W J., gas manufac- 
ture and chemical industry, 
282 

Pickles, Alwyn, distribution of 
acetic acid between water 
and charcoal, 49 
effect of pressure on gas ab- 
sorption, 1 

velocity of sorbiton, 25 
Poison, when is it not a poison ? 
37 

Porter, Everett E and Harry B. 

Weiser {See Weiser, H, B.) 
Portland cement and calcio 
cyanamide, 3‘23 

Portsmouth Municipal College, 
167 

Potash, Alsatian, 119 
deposits in Spain, 48 
deposits of Upper Alsace, 142 
salts, Alsatian, 250 
Powell, James & Sons, Limited, 
Annual General Meeting, 41 


Power, Frederick B. and Victor 
K. Chesnut, odorous con- 
stituents of apples. Emana- 
tion of acetaldehyde from the 
ripe fruit, 129, 139, 147 

Powers, large, generation at 
radio frequencies, 63 

Pressure and temperature, rela- 
tion between, at the same 
level in the free atmosphere, 
248 

Price, A , Victor Meyer’s appara- 
tus, 249 

Profiteering Acts, Central com- 
mittee, 60 

Profits, are they necessary 11 


Q uinoline, from amime 
stanmchlornle, *239 
modification of Skraup'ssynthe- 
sis, 205 


T3ADIATI0N and convection 
from heated surfaces, 8 
in hydrogen and air explosions, 


ionisation and excitation of, by 
by electron impact in helium, 
286 


Radio frequencies, generation ot 
large powers at, 63 
Radio-active elements, constrtu- 
tion and structure, 243 
Radiometer, modified form of, 
^ 126 

Rain and snow, substances 
dissolved in, 13 

Ramaiah, Y. V. and M. V. N 
Swamy, new form of ozoniser 
for laboiatory work, 193 
Rankirie, A. O., proximity of 
atoms in gaseous molecules, 
272 


similar ty between carbon 
dioxide and nitrous o.xide, 
272 

Rat extonnmation in the United 
States, 167 

Rayleigh, Lord, double refraction 
and crystalline structure of 
silica glass, 307 

re-examination of the light 
scattered by gases in respect 
of polarisation, 42, 248 
Redgrove, H Stanley, “Bygone 
Beliefs’’ (review), 46 
Refractometer for determination 
of liquid measures, 273 
Relativity, 239, 277, 298 
Research, scientific and industrial, 
annual report of the commit- 
tee of the Privy Council, 169 
Richards, Theodore W. and 
Norris F. Hall, meltingpomts 
and thermo-electric behaviour 
of lead isotopes, 185 
Richards, Theodore W and 
Jitsusaburo Sameshima, ato- 
mic weight of lead from a 
Japanese radio-active mineral 

Richardson, L. F, convective 
cooling and the theory of 
dimensions, 9 

Richardson, 0. W , emission of 
electrons under the influence 
of chemical action, 272 
Ridewood, W G , calcification of 
the vertebral centra in sharks 
and rays, 262 

Ringelmann, M , selecting oil 
cakes, 323 

Road transport progress, 179 
I Robertson, Sir R., physics and 
chemistry of colloids and 
their bearing on industrial 
I questions, 313 

Robson, H. C., converting high- 
grade matte in magnesxte- 
( lined converters, 297 


Rolfe, R. T , eflect of increasing 
proportions of antimony and 
arsenic respectively upon the 
properties of Admiralty gun- 
metal, 156 

Rousseaux and Sirot, MM., 
nitrogen and phosphoric acid 
ot wheat, 262 

Royal Institution, 23, 228, 288, 311 
Royal Photogiapluc Society, 
Annual exhibition, 176, 179 
Royal SocK^ty, 7, 42, 217, 262, *271, 
295, 307 

Rubber, permeability to gases, 
i75 

seed oil, 206 

vulcanising, new process, 5 
Russia’s contiilmtion to science, 
3*2, 39, 66, 67 


CAMESillMA, Jitfausabiuo, and 
Theocloic W. Richards {See 
Richards, T. W.) 
Saponification, time factor in, 
297 

Saunders, F. A , revision of the 
series in tlie spectrum of 
barium, 11 

Schoeller, W. R. and li. P'. 
Waterhouse, gravirnetuc es- 
timation of bismuth as 
phosphate and its application 
in ore analysis, 297 
Schuster, Sir Arthur, ahsoi ption 
and scattering of light, *271 
Scott, A. J. and T. Barratt (St/c 
Bairatt, T.) 

Seedlings, growth m wind, *296 
Sewage sludge, de-watenng of, 
79 

Sex, genetics of, in Fumaria 
hygrometrica, 26*2 
Sharks and rays, calcification of 
the vertebral centra in, 262 
Shell-making, magnesite and, 203 
Sheppard W. F., reduction of 
error by linear compounding, 
44 

Shumaker, J. B. and Nicholas 
Knight, some soft waters of 
Cemlral New York, 2.6 
Siberia, imneial wealth of 
Eastern, 215 

Siemens Brothers and Co. 

Limited removal, 209 
Silica glass, double refraction 
and crystalline structure of, 
307 

its separation from alumina 
270 

Silk industry, Rescaich Associa- 
tion for, 46 

Silver, electro-deposited, crys- 
talline structure of, 311 
Silver-gold alloys, deposition of, 

Silver-plating solutions, chemical 
composition of old, 310 
new inaxinuim current density 
in commercial, 310 
Simpson, E, S,, graphic method 
tor the comparison of 
minerals with four variable 
components forming two 
isomorphous pairs, 273 
Sir John Cass Technical Institute, 
143 

Sirot and Rousseaux, MM. {See 
Rousseaux) 

Skraup’s quinoline synthesis, 
modification of, 205 
Smith, Alexander, “ Intermediate 
Text-book of Chemistry’’ 
(review), 9 

Snell, Sir John Francis Cleverton, 
appointment, 298 
Snow and rain, substances 
dissolved in 13 

Society of Dyers and Colourists, 
191 

Society of Leather Trades’ 
Chemists, 177 

Society of Public Analysts, 297 


Soderbauin, H. G., “ The Letters 
of BerzeliUh ’’ (review), 22 
Sodium hyposulphite and ful- 
minate of mercury, reactions 
between, 298 

Sodium phosphide, 104, 177 
Solutions, influence of ions on 
osmotic pressure of, 64 
Sorbiton, velocity of, 26 
Southcombe, James E. and Henry 
M. Wells. (6'c<! Wells, II. M.) 
Spain, potash deposits m, 48 
Spectra, arc, in vacuo, and spark, 
in helium of various elements 
43 

of absoi ptioii of phosphorus for 
X rays, 268 

of luminous gases, ellect of 
concentration on, 398 
of samples ofiueicuiy, coppei, 
zinc and thallium in the 
extreme ultra-violet, 298 
spaik, of various elements in 
helium m the extreme ultia- 
violet, 43 

Spectrum of barium, revision of 
the senes in, 11 

Spencer, L. J , fibruhte (silliuuin- 
ite) as a gem-stone fioiti 
Burma and Ceylon, 273 
Steel furnaces, tempeialiire 
measurements in, 289 
stainless, 318 

Steels, chroiniuin m, esUmation 
of small quantities, 297 
Streatfield Meinoiial lecture, 265 
Street, R 0., tidal motion in the 
Irish Sea, its currents and its 
energy, 41 

Sti ess and strain , plane, in bi polar 
co-ordinate.s, 44 

Sugar industry, uupoitanceof the 
Java, 38 

production of glycerin from, 
261 

Sulphur, colloidal, 142 
Svedberg, Dr, The., physics and 
chemistry of colloids and 
their bearing on industrial 
questions, 217, 229 
Swain.T. Lester, British chemical 
glassware, 253 

Swamy, M, V. N. and Y. V, 
Ramaiah. (5rfl Ramaiah, 
Y. V.) 

Synopsis, studies on, ‘296 


■'^ANNING value of vegetable 
tanning materials, 99 
Taste, new theory relating con- 
stitution to, 159 

Technical Inspection Association, 
‘26U 

Tempeiature and pressure, lela- 
tionship between, at the same 
level in the fiee atmosphere, 
248 

Thain, W. A., some applications 
of electio-deposition in aero- 
nautical engineering, 399 
Thallium specti inn mtheextiemo 
ultra-violet, ‘298 
Theobromine estimation, ‘297 
Thiel, A., an alleged allotrotnc 
form of metallic lead, 2H7 
Thomas, H. II., and A. F, Ilalli- 
mond,a refractometer for the 
d( termination of liquid mix 
tures,‘273 

Thomas, J, S. G., electrical hot- 
wire mclinometer, 8 
Thyroid-feeding and thyropaia- 
thyioidectoiny, eflect upon 
the pituitiin content of the 
posterior lobe of the pitmtai y, 
the ccrebro-spinal fluid and 
blood, 295 

Tidal friction in shallow seas, 43 
motion in tfie Irish Sea, 44 
Tin, atomic weight, 3 
estimating, volumetric methods 
173 



January a 8 , 1921 


INDEX. SUPPLEMENT TO THE CHEMICAL NEWS. 


329 


Tm - antimony - copper alloys, 
constitution and structure, 
155 

Titanium and its industrial appli- 
cations, 287 

white industry, Norwegian, 306 
Tomkiuson, E sodium phos- 
phide, metallic hydrides, 177 
Tomkmson, E. and G. Barker, 
sodium phosphide, 104 
Trade, the trend of, 11 
Tram waggons, automatic count- 
ing machine for checking, 296 
Tree, Katoka, 322 
Tungsten, 10 
mining in China, 6 


■^ALENCY and ionisation, 83 

Vapour density apparatus, Victor 
Meyer’s, modification, 307 
Vegetable tanning materials, true 
tanning value of, 90 
Vibrations of an elastic plate in 
contact with water, 247 
Vickers, Limited, brass foundry 
practice at 153 


\X7ADSWORTH, Raymond V„ 
^ * estimation of theobromine, 
297 

Wages and prices, future of, 226 

Wahl, Wm. H. and Wm T. 
Brannt. {See Brannt, W T.) 

Water and charcoal, distribution 
of acetic acid between, 49 
samples, apparatus for collect- 
ing at great depths, 297 

Waters, soft, of central New 
York, 25 

Waterhouse, E, F. and W. R 
Schoeller. (See Schoeller, 
W.R.) 

Wave-length determinations, 
effect of asymmetry on, 308 

Wax, Camauba, 322 

Weeks, H. B., brass foundry 
practice at Messrs. Vickers, 
Limited, 153 

Weirum, H. F., magnesite and 
Shell-making, 2C® 

Weiser, Harry B. and Everett E. 
Porter, spontaneous evapora- 
tion, 80 

Wells, Henry M and James E 
Southcombe, lubrication and 
the germ process, 133 


Wells, Roger C,, note on bran- 
nerite, 22 

West, Gilbert D., modified form 
of Crookes radiometer, 126 

Whales, diatoms on the skin of, 
45 

Wheat, nitrogen and phosphoric 
acid of, 262 

Wilde-Barfield electric furnaces, 
215 

Williams, A M , forces in surface 
films, 273 

Williams, H. G , ammonia-soda 
process, 295 

Wilson, E , measurement of low 
ma^etic susceptibility by an 
instrument of a new type, 308 

Wilson, John Arthur, hydration 
as an explanation of neutral 
salt effect, 74 

Wilson, John Arthinr and Erwin 
J. Kem, true tanning value of 
vegetable tanning materials, 
90 

Winslow, Alfred A., development 
of kauri gum industry in 
New Zealand, 52 


Wood, R W , extension of the 
Balmer senes of hydrogen 
and spectres copic phenomena 
of very long vacuum tubes, 
46 

Woolcock, W J. U., dyes and 
the textile industry, 284 


X rays, spectra of absorption 
of phosphorus for, 268 


YOUNG, J. F. T., J. C. Mc- 
^ Lennan and H J. C'. Ireton 
{See McLennan, J C ) 

Young, Sydney, appointment, 23 


^INC, allotropy of, 167 

Zinc spectrum in the extreme 
ultra-violet, 298 

Zinc sulphate solutions, com- 
mercial electrolysis of 309 

Zirconium in zirconia ore, deter- 
mination, 194 


End of Volume cxxi. 



Supplement to the Chemical News, 
January ?8, 1931 



jMu“ry*28,^9«*] Fluofides of Cobalt, Nickel, Manganese, and Coffer 43 


The nitrobamine compound is obtained by pour- 
ing the diazo solution into caustic soda, as des- 
cribed by Schraube and Schmidt (Ber,^ 27, 514). 

Ten grms. of the pure nitrosamine compound, 
N02C6H4N20Nai2H30, was mixed with a little 
water containing 5 grms. of caustic soda and re- 
duced at o® C. with 20 grms. of hydrosulphite dis- 
solved in 120 cc. of water. Some of the hydrazine 
ba^e crystallised out as the quantity of alkali was. 
only slightly in excess of that required by the 
equation : 

NO 2 CeH,N 20 Na+ 2 Na 2 S 204 + 3 Na 0 H- 

N02CeH,N2H,+4Na2S0,. 

200 cc. of hydrochloric acid was added and the 
solution boiled, in order to hydrolyse the small 
quantity of hydrazine sulphonate present. On 
neutralising the cooled solution with sodium car- 
bonate and sodium acetate, 6*2 grms. of ^-nitro 
phenyl hydrazine was obtained. Ether extraction 
of the mother liquor gave a further 0*3 grm. of the 
base. The total yield is 95 per cent of the 
theoretical. 

Meta-nitro 'phenyl hydrazine. — The action of 
hydrosulphite on /;^-nitro benzene diazonium 
chloride under various conditions was investigated 
with the object of preparing 7/^-nitro phenyl hvdra- 
zine. The reduction is analogous to that of the 
^-nitro compound, but only comparative! v loiv 
yields, of the hydrazine (40 per cent) were obtained, 
together with the hydrazine disulphonate, the 
diazo sulphonate, and, when working in sodium 
carbonate solution, the diazo imide. 

Use of titanous salts for the reduction of diazo 
compound. — It has been stated in a previous paper 
that phenyl hydrazine is not obtained bv the action 
of titanous salt on benzene diazonium chloride, 
the product being diazo benzene phenyl hydrazide, 
which is a condensation product of the diazo com- 
pound with phenyl h\drazine. In the case of 
diazotised ^J-nitranilme a similar reaction pro 
bably occurs, as only about half the theoretical 
quantity of reducing agent is used up. By carry- 
ing out the reduction with this reduced quantity 
of titanous sulphate, a bulky red precipitate was 
obtained which was extracted with alcohol and 
treated with sodium carbonate. The product thus 
obtained was free from titanium and contained 
no diazo imide. It was insoluble in cold water, 
decomposed by hot water, and melted at 65-70® 
C. By treating with alcoholic potash or alkaline 
hy'drosulphite and then acidifying, ^-nitro phenyl 
hydrazine was formed. Hence the substance was 
probably a diazo hydrazide, and although the 
compound NOaCeH.N : N.NtNH.lC^H.NO, has 
not been previously described, Bamberger 
xxviii. , 840) obtained a very similar compound of 
the formula N02C,H<N : N.N.(NH2)C«H4. 

It has now been found that analogous reactions 
take place when stannous chloride and bisulphite 
of soda are used as reducing agents, the equiva- 
lent of only one molecule (-2H instead of 4H) of 
either of these being sufficient to prevent the 
coupling of a solution of diazotised ^-nitraniline 
with d -naphthol. These results have some bear- 
ing on the method of producing white resists under 
insoluble azo colours in calico printing. In the 
printing of stannous chloride and bisulphife re- 
sists on d-naphthol prepared cloth under diazo- 
tised 2^-nitraniline or «-napbthylamine, it is 
generally assumed that the diazo compounds do 
not touch the printed parts owing to their being 


instantly reduced to hydrazine compounds. This 
evidently does not take place, and the fact that no 
colour develops is due to other causes. .Pre- 
sumably in the case of diazotised ^-nitraniline, 
a precipitate of the insoluble diazo hydrazide is 
immediately formed ^ffiere the diazo compound 
comes in contact with the stannous chloride. 
Furthermore, the stannous chloride used is 
capable of destroying, as far as the coupling 
effect is concerned, twice as much of the diazo 
compound as if it brought about the reduction to 
the ordinary hydrazine. 

In the case of diazotised meta-nitraniline, a 
similar reaction apparently occurs, but here the 
diazo hydrazide is further reducible either by 
titanous or stannous salts, and it has therefore 
been possible to prepare »i-nitro phenyl hydrazine 
by using titanous sulphate as reducing agent. 
The product of the reduction is a yellowish-orange 
frothy precipitate, which is remarkably bull^. 
After filtering and extracting with hot alcohol, the 
alcoholic solution gives a fiocculent precipitate of 
what appears to be the titanium double salt of 
m-nitro phenyl hydrazine. Such double salts of 
titanium with a salt of an organic base are very 
rare, and an attempt was made to purify some of 
this as the oxalate, but it could not be obtained 
cr>^stalUne. The free hydrazine base was obtained 
from the solution of the double salt by treating 
with sodium acetate, boiling, and filtering from 
the residue of titanic hydrate. The yield of the 
base thus obtained is 65 per cent of the theoretical. 
This method of preparation does not seem to be 
of much value, owing to the practical difficulties 
•which are encountered. 

Thus it IS evident that sodium hydrosulphite 
can be used with advantage in the preparation 
of hydrazine derivativeSj in place of bisulphites 
and stannous salts, which have formerly been 
almost invariably used. In certain cases titanous 
salts may be used for the purpose, but d > not 
offer any advantages In conclusioiy I wish to 
thank Prof. Knecht for his direction and super- 
vision of this work. 
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AND CRYSTALLOGRAPHY OF SOME 

FLUORIDES OF COBALT, NICKEL, 
MANGANESE AND COPPER* 

By FLOYD H. EDMINSTER and HERMON C. COOPER- 
(Continued from p. 30.) 

Cohalt Fluoride Anal'fsis. — The fluorine of the 
cobalt fluoride was determined by adding an ex- 
cess of standard alkali to the water solution. The 
precipitate was four times washed by decantation 
•with hot water, whereupon it was brought upon 
the filter and washed with hot water until the 
washings gave no test for alkali with phenol- 
pthalein. The filtrate was then titrated with stan- 
dard hydrochloric acid and the weight of sodium 
hydroxide used was cjalculated. In order to check 
this method, determina$K)ns were made by pre- 
cipitating the fluorine with calcium acetate. The 
results were lower than by titration, and are not 
considered reliable. ^ 

*A more detailed account this work was submRted to the 
Faculty of the Graduate School of Syracuse University by 
Edminster in jgtS, in oi the 

for the degree of Doctor of Pfiilfsephy* , * ^ 
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Ali of the general methods weic uacd foi dctci 
mining cobalt metal. The fii&t method employed 
was that of precipitating with sodium hydroxide, 
filtering the precipitate, and washing^ it with hot 
water. The dried hydroxide was ignited and the 
oxide decomposed with concentrated sulphuric 
acid. This acid solution was then evaporated to 
dryness and the anhydrous cobalt sulphate 
weighed. 

Another method used for cobalt was to treat 
the fluoride with sulphuric acid and evaiJorate. 
This should volatilise all of the constituents ex- 
cept the metal. Consistent results were obtained 
by this method which agree with the electrolytic 
determinations. The reaction with sulphuric acid 
IS vigouious and complete within a few minutes. 
The sulphuric acid is then driven off in an air- 
bath, the residue heated for five minutes and even- 
tually weighed as anh>drous cobalt sulphate. 

In electrolytic deposition, cobalt docs not be- 
have ideally; it docs not always foim a good coat- 
ing on the cathode, but often scales off before the 
deposition is complete. We carried out the elec- 
tiolysis as specified by Tread well-Hall (Tread- 
well-Hall, “Analytical Chemistry” II., 1915, p. 
158, 4th ed.., N.Y.). Our experience has been 
that, if the voltage exceeds 1*5 volts, the cobalt 
will precipitate as the hydroxide, and, if the solu- 
tion is not kept strongly alkaline, a black ring 
will be deposited, particularly around the edge. 
A voltage of fo to rs and an amperage of 1*0 
to 1*3 gave the best i?esults. A loo-cc, platinum 
basin served as the cathode. It is not necessary 
to precipitate the hydroxide of cobalt, but the 
crystals may be dissolved in water, ammonium 
hydroxide added, and the solution clectralysod 
directly. The possibility of contamination with 
alkali is eliminated and accurate results are to be 
expected, but no- determination of fluorine can be 
made on the same sample. 

Cobalt hydroxide was also reduced to the metal 
by the Rose^jmethod. Unfortunately, the ignited 
precipitate was always in masses, which would 
not reduce unless removed from the crucible and 
ground. If this was not done, the reduction was 
incomplete, and the results were too high. 

Nickel Fluoride Analysis, — In the nickel fluor- 
ide the fluorine was determined as in the case of 
cobalt. The metal also was determined (i) as the 
anhydrous sulphate, after evaporating the fluoride 
crystals with sulphuric acid; (2) by electrolysis; 
and (3) as the oxide. Unlike cobalt oxide, nickel 
oxide has a constant composition and the metal 
can be calculated from the weight of the oxide. 

Anhydrous nickel sulphate is hygroscopic and 
must be weighed quickly after removal from the 
desiccator. The electx'olysis was conducted in a 
strongly alkaline solution with a voltage of about 
1*5 and an amperage of 1*5. In all cases the 
platinum basin was used as the cathode. 

No analyses for nickel were made by the Rose 
method. 

Coffer Fluoride Analysis. — The copper is best 
determined (i) by electrolysis in the water solu- 
tion of the crystals, which ax*e acid with hydro- 
fluoric acid, unless the fluorine is to be determined 
in the same sample. In the latter case, the copper 
is precipitated as the hydroxide,- dissolved in 
dilute nitric acid, and subjected to electrolysis. 
Copper was also * determined (2) by evaporating 
the crystals with sulphuric acid. {3) When the 


copper fluoride crystals are heated alone, they 
give oIT water and hydiofluonc acid and are con- 
verted to the oxide. The weight of copper calcu- 
lated fioni the oxide thus obtained agices approxi- 
mately with that obtained by other methods. 

Manf^anese Fluoride Analysis, — The fluorine 
was determined by the same method as for the 
otliei fluoiides. The metal was determined (i) 
by decomposing with sulphuric acid, and (2) by 
converting to the pyrophosphate. Fur the latter 
method the manganese is first precipitated as the 
hydroxide, washed free fiom alkali and dissolved 
in dilute sulphuric acid. 

The Analytical Data, — The resiilts of the analy- 
ses arc tabulated in the following tables. The 
numbcis in the first column are analytical refer- 
ence numbeis; the method employed in the 
analysis is indicated in the second column; the 
weights of salt and constituent, respectively, arc 
given in the next tw^o columns; the computed per- 
centage is found in the fifth column ; while below 
will be found memoranda that might aid in the 
appraisal of the results. 


Cohalt Fluoride. 


Piepaicd by 
or caibonate, 
plod nets. 

Reference 

No. 

0 Pptd. as 
3 Titration 

63 I'itration 

64 Titration 
c)o Titration 


the action of HF on the b 
no difi’cience being seen 


CaF., 


Salt 

G. 

0*3000 

0*5000 

0*3000 

0*4007 

o'3ouo 


Fluorine, 

G. 

0*1214 
0*1310 
O* 1 221 
0' lf)C>5 

0*1285 


ydroxide 
in the 

Per 

cent. 

39’ 97 
41*30 
40*78 
41*45 
42*85(a) 


130 

Pptd. as CuFa H- 





OaC^O^, ... ... 

0-2934 

0*1458 

42-7y(a) 

>31 

Pptd. as CaFa + 





CaC304 ... • . . 

0-2280 

0*1232 

43 -79(a) 

(a) 

Taken from solution, washed, diiod, and 


analysed immediately. 



Reference 

Salt. 

Motal, 

Per 

No. 


G. 

G. 

cent. 

37 

Dissolved hydiox- 





ide in HaSO^ and 





electrolysed . . 

0*3026 

0*0591 

19' 53 (id 

39 

Dissolved hydrox- 





ide in HaSO^ and 





electrolysed 

0*4483 

0*0864 

19*27 

50 

Decomposed with 





H2SO4 and xveigh- 





ed as C0SO4 

.0*3520 

0*1793 

I9*3fi 

63 

Electrolysis 

0*3000 

0*0571 

19*40 

78 

Electrolysis 

4*4007 

0*7840 

1 9' 40(b) 

93 

Electrolysis 

0*3000 

0‘05Q0 

1 9' 60(c) 

SI 

Electrolysis 

0*2544 

0*0484 

I9*03(d| 

(a) Crystals xvere w'ashed in alcohol. 



(b) Very clean crystals, 

(c) Dissolved in water and -electrolysed. 

(d) Dehydrated. 


Reference Salt. Metal. 

No G G. 

5 1 Heating and col- 
lecting the w*ater 0*2544 0*1036 

130 Heating and col- 
lecting the w*ater 0*3024 0*1195 

133 Heating with PbO 0*3313 0*1363 

135 Heating with PbO 0*1853 0*7440 

137 Heating and col- 
lecting the w^ater 0*2107 0*8650 


Per 

cent. 

4070 

39-52 

41-14 

41-15 

4>-05 
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Nickel Fluoride, 

Prepared from the hydroxide and hydrofluoric 
acid. 

Reference 

No. 

58 Titration , 

80 Titration ... . 

8q Titration ... , 

96 Titration ... . 

97 Titration . . , 

13 1 Pptd. as CaFsH- 

CaCflO* ... . 

(a) Washed in alcohol. 

(b) Old crystals. 

(c) Clean crystals fresh from solution. 

(d) Clean crystals fresh from solution 

(e) Old crystals 

(f) Crystals fresh from solution. 

Reference 
No. 


Salt. 

Fluorine. 

Per 

G. 

G. 

cent. 

0*3000 

0*1259 

4 J' 90 (a) 

0*3000 

o* 1658 

4i-30(b) 

0*3000 

O* 1 296 

43 - 27 (c) 

0*3000 

0*1292 

43 ‘ 05 (d) 

0*3000 

0* 1248 

4 i'f) 7 (€) 

0* 1876 

0*09x4 

437 ^’ (f) 


54 

58 

62 

64 

91 


Electrolysis 

Electrolysis 

Electrolysis 

Electi'olysis 

Electrolysis 


Reference 

No. 


Heating and col- 
lecting water in 
H,SO, 


Reference 

No 

76 Titration 

69 Titration 

92 Titration 

(a) Crystals fresh from so 

Reference 

No. 

76 Heating with H^SO^ 

and weighing as 

MnSo^ 

60 Heating with HaSO^i 
and weighing as 
MnSO, 

77 Heating with HaSO^ 

and weighing as 

MnS04 

Reference 

No. 

127 Heating with PbO 
and collecting 
the water 


Salt, 

Metal, 

Per 

G 

G. 

cent. 

0*3070 

0*0677 

19*80 

0*3000 

0*0584 

19*60 

0*3000 

0*0574 

19*50 

0*2497 

0*0489 

19*58 

0*3000 

0*0478 

10*26 

Salt. 

Water. 

Per 

G. 

G. 

cent. 

0*2764 

0* 1 149 

41*50 

Fluoride, 


Salt. 

Fluorine. 

Per 

G. 

G. 

cent. 

0*3537 

0*1313 

43-02 (a) 

0*3004 

0*1 190 

39-63 

0*3020 

0*1220 

40-68 

lution* 



Salt. 

Metal. 

Per 

G. 

G. 

cent. 

0*0365 

0*1817 

18*09 

0*3537 

0*1810 

18*89 

0*2892 

0*1457 

18-35 

Salt. 

Water. 

Per 

G 

G, 

cent. 

0*317^ 

0*1221 

38*2 


Reference 
No. 

43 Titration 
59 Titration 
6s Titration 
127 Precipitation 
* 

Reference 

No. 

59 Electrolysis 

60 Electrolysis 

61 Electrolysis 
79 Electrolysis 


Confer Fltioriie (Crystals), 

Salt. Fluorine, 
G. G. 

0*3000 0*1282* 

0*300Q 0*1281 

0*4220 0*1 808 

... 0^3612 0*1519* 

CaFa+CaCaO^ 

Salt. Metals 

G. G. 

... 0*3000 0*0610 
. P‘3O0f Q'o6p2 
... 0*3609^ 0*0604 < 
... 0^4$ xz. 9*9838 


Per 

cent, 

42*76 

42*71 

43'05 

42*20 

Per 

cent. 

20*30 

20*07 

20“O6 

20*38 


Reference 
No. 


Co-pfer Fluoride (Crystalline Crust), 


52 

5 3 
5O 
74 
83 


Titration 
Titration 
Titration 
T itration 
Titration 


i>alt 

G 

0*6087 
0'68g6 
o* 5000 

1*1751 

0*9401 


Fluorine. 

G. 

0*1692 

0*1270 

o- 143.7 

0*3323 

0*2646 


(a) These two are the same preparation. 


Reference 
No. 

52 

53 

82 

83 

49 


Electrolysis 

Electrolysis 

Electrolysis 

Electrolysis 

Electrolysis 


Salt 
G 

0*0609 
0*6896 
0*8219 
0*9401 
0*3621 
(To be continued.) 


Metal. 

G 

0*2814 
0*3158 
0*3767 
0*4306 
o* 1643 


Per 

cent. 

27*8o(a) 

27*00 

28*75 

28*28 

28*13 

Per 

cent. 

46* 10 
45 '80 

45-83 

45*82 

45*40 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting j January 20, 1921. 

Prof. C. S. Sherrington, President, m the Chair. 

The following papers were read : — 

^^‘The Magnetic Mechanical Analysis of Man- 
ganese Steel,^^ By Sir Robert Hadfield, S. R. 
Williams, and I. S. Bowen. 

This paper is an attempt to correlate some of 
the magnetic and mechanical properties of man- 
ganese steel. Tests w^ere made on six rods 
quenched in water, when they are in the non- 
magnetic condition, and three w'ere afterwards 
annealed, w'hich renders them magnetic. The 
changes in length of the rods when subjected, to 
magnetic fields were determined (Joule Effect). 
In the case of the rods in the magnetic condition 
the change was an increment for all field 
strengths. No change in length to 0*000004 cm. 
could be detected for the non-magnetic specimens. 

The effect on the intensity of magnetisation 
when subjected to longitudinal stress -was investi- 
gated (Villari Effect). An absolute method of 
measuring the intensity of magnetisation^ when 
comparatively small was adopted, consisting in 
the use of an exploring coil made up of two coils 
in series so arranged that the E M.F. generated 
in the first balances that in the second, and cali- 
brated by means of a long solenoid of general 
dimensions equal to ffeose of tfie rods tested. For 
all field strengths thfe'’ application Pf tensile 
stress increased the intensity of magnetisation of 
the magnetic specimens. 

The non-magnetic rods showed no change in 
intensity of magnetisation by being stretched. 
They did, however, show an intensity ‘of magne- 
tisation about I /36 of that of the specimens in the 
magnetic condition. This effect was found to be 
entirely due to oxidation of the skin of the rbds, 
for, on removing a few thousandths, ^ the speci- 
mens showed no susceptibility when 

tested by a hand magneC 
“A Selective Hot-wire Microphone, By W/ 
TUCKER, D. Sc., Paris. . " ^ 

The instn^pieuttxmai^ts of an electrically heated 
grid of fine platinum mte placed ia the nec^ 
a Helmioltz ,rdsonat'or. ^ The' .pi 
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having the same frequency as that natural to the 
resonator itself is to produce an oscillatory inotion 
of the air in the neck of the resonator, which in 
turn causes changes in resistance of the platinum 
wire grid. The total resistance change comprises 
a steady fall in resistance, due to an average cool- 
ing of the grid and a periodic change due to the 
to-and-fro motion of the air. 

Two methods of using the microphone are 
described : — 

(i.) A Bridge method, depending on the steady 
drop in resistance, and 

(iL) An Amplifier method which makes use of 
the periodic resistance changes. 

Curves are given showing the sharpness of re- 
sonance a smeasured by the Bridge method. The 
various factors affecting the sensitivity of the 
microphone are discussed. 

Results of experiments on cooling the grid bv 
loxv-velocity air-currents are described. It is de- 
duced that the principal resistance changes to be 
expected when the grid is cooled by an oscillatory 
air-current are : — 

(1) A steady drop due to an average cooling; 

(2) A periodic resist?ince change of the same 

frequency as that of the sound ; and 

(3) A periodic resistance change of frequency 

twice that of the sound. 

All these effects are found, in practice. Further 
deductions are that the steady change of resistance 
is proportional to the intensity of the sound, 
while the periodic resistance change in (2) is pro- 
portional to the amflitude. These conclusions are 
confirmed by experiment. 

“Siren Harmonics and a Pure-tone SirenJ^ By 
E. A. Milne and R. H. Fowler. 

The ordinary siren can be regarded as a point 
source of air variable flux, the flux being propor- 
tional to the area of the orifice exposed by the 
holes in the disc. In general the tone from such 
a siren is far from pure. 

The relative intensities of the harmonics for a 
siren with circular holes and a circular orifice are 
calculated and compared with experiment. It is 
concluded that a fairly pure note should be ob- 
^tained from a siren of this type, in which the 
distance between the centres of adjacent holes is 
twice the diameter of the holes. 

If, however, the original is rectangular in sec- 
tion, the holes can be so shaped that the area of 
the orifice exposed varies exactly as the sine of the 
displacement. Such a^ siren should produce a 
very pure tone. 

Experimental tests of a siren constructed - on 
these lines are quoted and discussed. 

“Design of Diaphragms capable of Contintwiis 
TunmgP By L. V. KING. 

In designing submarine sound generators and 
receivers it is important to be able to tune the 
diaphragm to a desired pitch, thus realising selec- 
tive transmission and reception. 

^ A type of diaphragm so constructed that con- 
tinuous tuning is achieved by the application of 
air-pressure (or suction) was designed by the 
writer and is designed in detail. It is constructed 
from a single piece of metal, and consists of a 
thick, undeformable, central disc, connected by a 
thin, concentric, annular portion, to a heavy cir- 
cular rim, which is fited very accurately on a rigid 


mounting. The application of air-pressure over 
the interior of the diaphragm alters the tension 
of the thin annular portion, so that the rif]:id 
central portion vibrates about the static equili- 
bidum position with a different pitch. 

A steel diaphragm, 3in. in diameter, was con- 
structed in the manner described. A range of 
pressure from — 25cm. of mercury to +25 cm. 
altered the pitch of the diaphragm vibrating in 
air from 430 to 620, and vibrating in water from 
370 to 530. 

By comparing the frequencies corresponding to 
the same pressures on the diaphragm when 
vibrating in air and water, it is shown that the 
accoustic mass amounted to as much as 40 per cent 
of the actual mass. 

To realise sharp tuning and high sensitivity, it 
was concluded as a result of experience that 
diaphragms of this type should be made with 
almost optical precision in the form of accurate 
•solids of revolution. 


CORRESPONDENCE. 


GLUCOSAZONE SULPHURIC ACIDS. 

To the Editor of the Chemical News, 

SiRj-^While the glucosazones are well-known 
compounds, their sulphuric acids do not seem to 
have been prepared and described. 

A short investigation of these bodies was under- 
taken early m 1920, with the following results. 

(1) Sodium phenylglucosazone para sulphurate 
was prepared by heating phcnylhydrazinc para 
sulphuric acid with glucose and sodium acetate 
in aqueous solution : it was obtained as a pale 
lemon yellow powder, very soluble in water, 
slightly soluble in absolute alcohol, and insoluble 
in ether, acetone, benzene, &c. I have not suc- 
ceeded in crystallising it. 

(2) Sodium phenyllactosazone para sulphonate 
was prepared in the same way, and has similar 
properties. 

{3) Sodium naphthylglucosazone i : 4 sulphon- 
ate was obtained m a similar way from naphthyl- 
hydrazine 1 : 4 sulphuric acid (prepared from 
naphthianic acid) : it is a powder similar to the 
above, though not such a pure colour. 

These osazones are dyes similar to phenyl gluco- 
sazone para carboxylic acid described by Kodak, 
Ltd., in the British Journal of Photography in 
igiq. 

It is clear that by the use of halogen and other 
derivatives of phenyl and naphthylhydrazine sul- 
phuric acids many new osazones could be pre- 
pared; also various sugars and substances such 
as glycerine aldehyde which contain the group 
— CHOH — CHO might be employed. 

Since one molecule of a sugar combines with 
two of a hydrazine derivative to form an osazone, 
it seems to me probable that two further series of 
compounds could be prepared ; [a) where one 
molecule of»a sugar combines with one molecule 
of a dihydrazine derivative obtained from dia- 
mines such as phenylene and toluylene diamines; 
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[b) where one molecule of a sugar combines with 
07 ie molecule of a dihydrazine derivative obtained 
from benzidene, tolidine, &c. 

I think that some of these new osazones would 
be likely to prove of considerable interest, and 
possibly also of value as dyes. Lack of time has 
so far prevented my preparing more than the 
three compounds above mentioned. — I am, &c., 

A. F. Kitching (M.A, Oxon.). 

Monkton Combe Schoc-l, 

‘ Near Bath. " 


NOTES. 

Anhydrous Sulphates and the Theory of the 
Magneton. — When a substance in the form of 
gas or solution obeys the law of Curie, a single 
measurement at the ordinary temperature enables 
determination of the atomic moment. Such is 
not so when the paramagnetic salts are solid. 
Study of the thermic variation then becomes essen- 
tial to determine by means of the Curie point, the 
constant of the molecular field. The experiments 
of M. Th^odorides dealt with the three manp^a- 
nous cobaitous and ferric sulphates in the ani 
drous form and the method employed was that of 
the attraction in a non-uniform field with electro- 
dynamic compensation of the magnetic force 
exerted. For each of the three substances 
studied, the inverse of the specific coefficient of 
magnetisation^ in function of the temperature, is 
given by two parallel lines, with a slight^ inter- 
vening deviation, and united by a faint curvilinear 
region ; the ensembling the phenomenon is exactly 
reversible. Finally the error in calculation of 
the molecular constant did not attain 6 per 1000; 
it is reduced to half this figure when estimating 
the number of magnetons . — Commies Rendus^ 
November 15, i<)20. 

Purification of Sewage by the ^^Activated 
Sludge^^ Process. — We are aware that in aerating 
sewage sludge by blowing air through, it, this 
sludge will after a certain time acquire the faculty 
of purifying the sewage with which it is in con- 
tact. Aeration being sufficiently maintained, 
purification is obtained in a few hours, provided 
that the proportion of the mixture is suitable. As 
soon as activity appears there is a sudden fall 
of ammonia which is found in form of nitrous and 
nitric acid. M. Cavel describes his experiments 
in this note and maintains that this transformation 
of ammonia is a microbial phenomenon. Experi- 
ments were made in an alkaline medium ivhich is 
the normal reaction of sewage. If we change 
the reaction by slightly acidulating, the action 
is no longer the same, there is no change in the 
ammonia; percentage remains constant which is 
in harmony with what is known regarding the 
sensitiveness of nitrobacters with regard to acidity 
of the medium — Comftes Rendus^ January 8, 
ig2i. 



This List is specially compiled tor the Q^i^wal Ntwi by Messrs. 
Rayner & Co , Registered Patent Agents, of 3, Chanct^ Laim, 
London, W.C.2., from whom all information reiatiitg to Pab^ts, 
Trade Marks an! Designs can be obtained gradm^ously, 


Abstract Pubhshed hts Week. 

Mr R. Lessing of High Holborn, London, has obtained a Patent 
for appartus for treating Ammonium Sulphate No. 1527615. The 
colouring matter usually associated with crystals of am3|lonium 
sulphate is removed by agitating the Utter, in a detached p^pdition 
m a clear saturated solution of that salt maintained slightly acid- 
if necessary by the addition of sulphuric acid — ai»d floating of the 
suspended impurities. The agitation may be peirformed mechani- 
cally, or by blowing with air or steam, but preferably it is effected 
by means of the saturated ammonium sulphate solution, which 
enters at a i^int near the bottom of the conical-shaped treatment 
vessel containing the cnrstals. The rapid i>treain on entering stirs 
up the crystals but as the diameter of th** vessel increases only the 
impurities remain suspended. Fig. i indicates a saturator A from 
which crystals are removed to the vessel C by means of steam lift 
B. K stream of filtered saturated ammonium sulphate enters by 
pipe d, and is regulated by valve r. The temperature of the liquor 
throughout the system is maintained at the same temperature ai^ the 
crystals coming from the saturator, by means of steam coils in the 
storage tank D and the filter P. The clean crystals are discharged 
periodically on to the drainer H, the liquor collecting in the sump 
G from which it is raised to tank D by means of an air lift. An 
ordinary saturator may also be adapted for the process. Crystals 
having bren deposited, the passage of ammonia is reduce or 
stopped. A filtered saturated solution of sulphate of ammonium 
is supplied near the bottom of the saturator and overflows through a 
launder and passes to the filter as previously described. 



Messrs. Rayner & Co,, will ^obtain printed copies of the 
published specifications and forward Pcist free for the official 
price of t/~ each. 


MEETINGS FOR THE WEEK. 


Monday^ January 31, rgai. 

Royal Society of Arts, 8. 

Tuesday, February i. 

Royal Institution, 3. '‘The British Soldier since the Restoraflon— 
In Peace, “ by Hon. J. W. Fortesewe. 

Royal Society of Arts> 4.30. 

Rontgen Society, 8.15. 

Wetiuesday, February a. 

Royal Society of Arts^ 4-30- 

Society cf Public Analysts, & (Annual Meeting). Extract nf Red 
Squill as a Rat poison/’ W. Smith. Composition of 
Harrogate Mineral Waters,*’ by W. Lowson. 

Thursday, Febrmry 3. 

Royal Society, 4.30. “The field of an electron on Einstein’s 
Theory of Gravitation,” by G. B. Jeffery. “A Physical 
Theory of Stellar Spectra, by M, N. Saha “The ultra- 
microscopic Structure of ^ajis,** by W. F. Darke, J. W. 
McBain, and C. S. Salmon. “ Linear Transformations imd 
Functions of positive Typ<^** by J . Mercer. 

Royal Institution, 3. “ Oceanoraphy^^reat ExpMwing; Expedi- 

tions,” by Prof. W. A. Herdman. 

Society of Chemical Indn^ry, 7.30* (At Bristol). 

Chemical Society, 8. , , ^ ^ , 

Friday, F^ruary 4. 



Royal Institutima, 3, “The Madnga^Tetiild^ne,’; hf €, 

Bqck, 
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)N DENTAL INCRUSTATIONS AND THE 
iO-CALLED ^‘GOLD>PLATING’» OF SHEEFS 
TEETH. 

By THOS. STEEL. 

"OR many years past there have appeared from 
ime to time, in newspapers and magazines pub- 
ished all over the world, statements as to the 
jccurrence of a metallic incrustation on the teeth 
>f sheep. The incrustation in question is usually 
ound more or less thickly coating the sides of the 
nolar teeth, and, being frequently of a shining, 
yellowish, metallic appearance, has been popu- 
arly attributed to gold supiiosed to have been de- 
•ived from particles of that metal scattered about 
he pastures. So deeply-rooted is the popular be- 
lef that the incrustation consists of gold, my 
'riend, Mr. J. H. Campbell, informs me that per- 
sons have brought jaws of sheep to the Royal 
Vlint, Sydney, with a view to selling them for the 
supposed adherent gold. Quite recently, it was 
nost confidently asserted by correspondents in 
Mature^ IQ17, xcix., 264, 284, 290, 306; 1917, c., p. 
[06, that the incrustation consisted of iron pyrites, 
ind various fantastic theories were put forward to 
iccount for the presence of this substance in such 
1 situation. 

In 1905, Prof. Liversidge exhibited at a meeting 
if the Royal Society of New South Wales part of 
a. sheep's jaw, heavily coated with yellow metallic 
looking deposit, and read a descriptive note with 
X qualitative analysis, clearly showing the true 
nature of the substance to be a deposit derived 
from the saliva, and that the metallic appearance 
was due to the refraction of light by the over- 
lapping edges of the thin lamellae of the deposit 
(Joitrn. Roy, Soc.^ N.S. Wales^ 1905, xxxix., 33; 
also Chemical News, 1905, xcii, 115; Journ. Soc, 
Ckem, Ind., 1905, xxiv., 1039. Again, in July, 
1905, the same gentleman exhibited and explained 
the deposit at a meeting of the Sydney section of 
the Society of Chemical Industry. Similar speci- 
mens were exhibited by Horan to the New South 
Wales Naturalists' Club in 1913 (Australian 
Natnralistj 1Q13, ii., 174, 187). 

As will be shown in this paper, the presence of 
such deposits is by no means confined to the teeth 
of sheep, but is a common occurrence on those 
of a very large variety of animals, including man. 
It is, in fact, a dental calculus analogous to those 
occurring in the urinary tract. 

The earliest account of the true nature of den- 
tal incrustations with which I have met, occurs in 
the Armais of Philo so fhy (Thomson's Ann, Phil,,, 
1814, ii., 380). In the course of a series of articles 
entitled ^'General Views of the Composition of 
Animal Fluids,"' Berzelius gives a correct explana- 
tion of the nature of the deposit from human 
teeth, and his analysis of a specimen, which will 
be quoted further on. 

In 1834, G. Bennett (“Wanderings in New 
South Wales,” 1834, i., 294J records having ob- 
served a layer of “metallic, substance^ incrusting 
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the teeth of kangaroos, and correctly diagnosed it 
as “tartar” precipitated from the saliva. He men- 
tions its occurrence in the ox and sheep, and re- 
marks that on account of its yellow colour it is 
frequently mistaken for gold. He quotes the 
analysis by Berzelius mentioned above. 

In a paper published in 1S79, “On Macrodon- 
tism,” N. de Miklouho-Maclay (Proc. Lhtn. Soc. 
N.S. Wales^ 1879, iii., 169) described and figured 
the huge projecting teeth which he observed in 
natives of the Taui or Admiralty Islands, and 
refers to a sketch in Nature^ 1877, xvi., 251, which 
he describes, however, as a caricature. In a sub- 
sequent paper (Proc. Linn. Soc. N.S. Wales^ 1886, 
X., 682) he explains that further investigation had 
shown that he was mistaken in supposing that the 
prelections were due to dental malformation, but 
that they really consisted of an enormous deposit 
of “tartar,” probably largely due to the habit of 
these people of chewing betel nut and lime. The 
deposit could be detached, leaving the teeth quite 
normal. The late Mr. R. P. Pedley, surgeon- 
dentist, who examined the deposit, identified it as 
dental tartar. Unfortunately there is no record 
of a chemical examination having been made. 
Miklouho-Maclay proposed the term “odonto- 
lithiasis” for this condition. 

From the stocks of bones passing through a 
large bone charcoal factory in Sydney, I have 
been able to examine the teeth of numerous sheep, 
and also those of oxen, horses, pigs, etc., and to 
secure ample material for a complete chemical 
analysis of the deposit from the teeth of sheep and 
oxen. From other sources I have obtained suffi- 
cient for quantitative analysis from the teeth of 
a number of animals, including man. By the 
courtesy of the late Mr. R. Etheridge, specimens 
from the teeth of animals in the Australian 
Museum, Sydney, were secured, sufficient in a few 
cases for full analysis, and in a considerable num- 
ber of others for qualitative determination. Mr. 
H. A. Longman, F.L.S., Director of the Queens- 
land Museum, kindly allowed me material from 
the skeleton of a camel. In all such cases care 
was taken to insure that the deposit obtained was 
pure and not contaminated with lime which may 
have been used in the preparation of skeletons. 

Very commonly the taxidermists appear to have 
carefully cleaned the teeth. My kinsman, Mr. A. 
Ross Brown, B.D.Sc., L.D.S., of Windsor, Mel- 
bourne, and my friend, Mr. J. Darton, surgeon- 
dentist, Petersham, furnished me with an ample 
supply from human teeth, secured in the course 
of their professional practice in the operation of 
“scaling.” Mr. Charles Hedley, Acting Curator 
of the Australian Museum, kindly gave me facili- 
ties, with the aid of Messrs. Thorpe and Trough- 
ton, to examine the large collection of skulls in 
the Museum. To Prof. J. Douglas Stewart, of 
the Veterinary School, Sydney University;, I am 
indebted for explaining to me details regarding 
the structure of teeth and giving me other infor- 
mation. To all of these gentlemen I desire to 
tender my best thanks. ' Further material was ob- 
tained from specimens in my own * collection ^ 
passing through my hands. In addition to , 

ining the dental deposit, I have, in th^ .oases of 
the ox and camel, made an analysis of.'lm^oement 
or cem^ttm layer {Crusia fair Qsd\. In th^ : 

animals tfiis layer is stroligly dev^op^, , 

ing well up on the e:^pos^ part' of 
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Lime (CaO) 

Magnesia (MgO) 
Phosphoric oxide (p20fi) 
Carbon dioxide (COg) 
Organic matter* 

Water at 110° C. 

Sand 

Undetermined and loss 

*Cpntaining nitrogen 
Sp. Gr 


Analyses of Dental Incrustations 


Man 

Sheep 

Ox 

40*75 

28*00 

29-38 

o‘i8 

4*19 

3-69 

34*73 

26-55 

28*17 

1*32 

I- 4 S 

1*10 

17*23 

24-65 

23*90 

$■38 

11-03 

10*30 

0*10 

2-30 

2*00 

0*31 

1-83 

1*46 

100*00 

100*00 

100*00 



Drome- 

Rhino- 

Camel 

dary 

ceros 

3775 

37 00 

46-13 

0*27 

0*18 

0*56 

29*33 

29*48 

7*95 

2*70 

2*88 

22*65 

1 6* 20 

16*82 

17*48 

11 65 

10*40 

3*85 

0*60 

0 30 

0*55 

1*50 

2*94 

0 83 

100*00 

100*00 

100* 00 


Babi- 

Cement layer 
{Cmsta petrosa) 

russa 

Ox 

Camel 

47*50 

35’69 

36*21 

0*68 

1*12 

0*98 

7*14 

26*68 

26*88 

41*63 

2*90 

1*80 

41*63 

23*54 

24*74 

2*63 

9*35 

8*66 

0*39 

nil 

nil 

0*03 

o'y 2 

0*73 


100*00 100*00 100*00 


1*20 1*48 0*74 

2*317 2*025 2*112 


can be readily separated. The incrustation could, 
in most cases, be easily flaked off from either the 
cement or the enamel and the surface beneath was 
always quite sound. 

The figures following give the results. The 
samples were ground, and air-dried at ordinary 
temperature. 

Miklouho-Maclay mentions that specimens of 
teeth similarly encrusted to those which he des- 
cribes were forwarded by F. A. de Roepstorff from 
the Nicobar Islands to Professor Virchow, Berlin 
(Verh. Berlhi, Ges. Anthro'p.^ June, i88i, p. 2ig) 
The deposit from these was analysed by Salkow- 
ski, and the results published by Virchow, the fol- 


lowing being the figures : — 

Water 5*95 

Organic matter g-io 

Silica and iron o-xide 0*87 

Iron phosphate 2*26 

Lime 45*24 

Magnesia o*68 

Phosphoric oxide 30*73 

Carbon dioxide 4*87 


This shows more lime and carbon dioxide and 
considerably less organic matter than I found in 
the normal incrustation from human teeth. Pro- 
bably this is a result of the addition of carbonate 
of lime from the lime-betelnut habit, but the high 
phosphoric acid show^s that essentially the deposit 
has been derived from the saliva. The presence 
of so much iron phosphate is peculiar, and I am 
unable to explain it. I found no appreciable iron 
in any of my samioles. 

The analysis by Berzelius mentioned above is 
thus stated : — 

Earthy phosphates 79*0 

Mucus 12*5 

Peculiar salivary matter i*o 

Animal matter soluble in muri- 
atic acid 7-c 


There is no mention of water. It is probable 
that Berzelius merely ignited and took the ash as 
earthy phosphates,” and the organic substances 
in dude water. For a rough comparison it will 
suftice to consider the “phosphates as being tribasic 
phosphate of lime and to lump together the 
organic substances. This would give : 

Lime 43-0 

Phosphoric oxide 36*0 

Organic matter and water ... 21*0 


These figures agree very well with my analysis 
of the human product. In my examination I 
found the total loss on ignition, including water 
and carbon dioxide, was 24 per cent, and the ash 
76 per cent. 

In my analysis, in every case the sand was in 
the form of mechanically embedded grains. It 
will be noticed that the incrustations from the 
Rhinoceros and Babirussa (a pig-like animal from 
N. Celebes) differ from the others in containing 
but little phosphoric acid and a considerable pro- 
portion of calcic carbonate. In both of these the 
scale, w*hen detached, was in appearance much 
like that from the sheep and ox, being in clean 
shining flakes. In man it is chalky-looking and 
has not got the metallic, or more commonly, 
nacreous look of that from the sheep. The simi- 
larity in composition between most of the incrust- 
ations and that of the cement layers of ox and 
camel is striking. Ordinary mammalian bone 
has also a very similar composition (“WatPs Diet. 
Chem.,” 1879, vi., ist Supp., 357). 

In making the analyses, care was taken in 
separating lime and magnesia, by double precipi- 
tation of the lime in the cold to avoid co-precipi- 
tation of magnesia. The proportions of lime and 
phosphoric acid present are such as to indicate 
that the phosphate of lime does not exist entirely 
as the tribasic (CasPgOe), but that a variable 
amount of the tribasic (Ca^PgOe) is also present. 

I have found this to be a usual condition in many 
natural phosphates such as those from Ocean 
Island. 

Bearing in mind the analogy between these den- 
tal salivary incrustations and urinary calculi, a 
careful examination was made of those from man, 
sheep, and ox, for oxalic and uric acids, but with 
entirely negative results. 

I have examined the deposit from a large 
variety of animals in addition to those already 
mentioned, using micro-chemical methods when 
the amount available was minute, and in every 
case have found it to be of substantially the same 
nature. The quantity present varies from a mere 
trace of brown film, to a heavy incrustation 
packed round the crowns of the teeth and forming 
a continuous coating along the sides as much as 
a quarter-of-an-inch in thickness. It is heaviest 
in herbivorous animals and in man. The teeth ol 
the carnivorae and rodents are usually very cleari-4^ 
this is well seen in dogs, cats, mice, and rats,"^ 
though all of these, particularly when old, and 
also rabbits, frequently have a thin brown film 
even on the incisors. Some individuals are more 
predisposed to dental incrustation than others. 
This is well-known in man, and I have noticed it / 
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in sheepj and other animals. The teeth of snakes, 
lizards, and fish, in so far as I have noticed, ap- 
pear to be always quite free from dep^'sit. 

I do not think that the nature of the pasture, as 
has sometimes been asserted, has anything par- 
ticular to do with the abundance or otherwise of 
deposit on sheep^s teeth, but that it is purely a 
physiological idiosyncrasy. Sheep and oxen very 
commonly have the teeth coated with a uniform 
thin, dead black film, but this does not differ in 
composition from the thicker deposit. The com- 
mon pig has very clean teeth. I have examined 
many hundreds of pigs’ jaws, and have never 
noticed more than traces of a brown film. 

Extended observation has satisfied me that the 
incrustation, in greater or less degree, is common 
to all mammals, and also to a number of other 
animals, in every case being of the same general 
character. I have found it, for instance, in the 
crocodile (C. 'porosus) Queensland, killer whales 
{Orca gladiator)^ and in one individual or another 
of practically every mammalian species examined. 
It will suffice to give the names of a few as indi- 
cating the scope of the investigation : tapir, eland, 
American bison, hippopotamus, various bears, 
dog, cat, rat, mouse. Examination of the skulls 
of marsupials in the Australian Museum collec- 
tion and elsewhere disclosed numerous examples : 
Macro-pus niajor^ quite as heavy as that of the 
sheep, M, giganteiiSj M, rufuSj Phascolarctus 
cinerettSj Phascolomys mitchelli^ DasyiirCj and 
many others. The original observations of Dr. 
Bennett are thus completely confirmed. Fossil 
marsupial teeth from Wellington Caves, New 
South Wales, in the Australian Museum, still 
have adhering brown patches which I take to be 
the same deposit. Wherever the teeth of animals 
were noticed to have a yellow or brownish tint as 
in aged rats, minute examination showed this to 
be due to the same cause. 

In response to queries from me, Mr. Brown has 
supplied me with the following very interesting 
notes : “Tartar forms on artificial plate Sj espec- 
ially lower plates, quite as readily as on the 
natural teeth; it is an everyday occurrence tO' see 
that. It is deposited along the lower portion of 
the lingual side of the plate^ and dentists are 
continually asked by patients what it is and how 
to remove it. I do not remember seeing teeth 
forming part of a bridge with tartar deposited 
on them, but frequently find that the gum having 
slightly receded after the bridge has been fixed, 
a slight deposit is to be seen round the gingival 
margin of the na'tural roots to which the bridge 
is attached. Porcelain crowns (pivots) and gold 
crowns or caps remain free from deposit. I once 
had to remove from an elderly woman^s mouth a 
little low^er plate having three teeth on it, and 
there was such an accumulation of tartar all about 
the whole structure and the remaining teeth that 
two of the latter were extracted in the lemoval 
of the plate; these, however, were loose from 
pyorrhoea. In this case case the tartar had cer- 
tainly encroached to some extent on the artificial 
teeth. The patient informed me that she had not 
removed the denture since the dentist put it in 
place many years before This case w^as an ex- 
ceptional one, and as I havje mentioned, I do not 
remember seeing deposit on artificial teeth at any 
other time.” 


I think it is probable that the nature of the sur- 
face of porcelain teeth and gold crowns inhibits 
the adhesion of deposit. In the case of the 
urinary tract, it is well known that any solid 
foreign body, such as a piece of broken catheter, 
soon becomes coated with phosphate, and that a 
little blood clot or even bacteria may form the 
nucleus of a urinary calculus. — Proceedings of the 
Linnean Society of New South W ales ^ August 25, 
1920. 


THE SUBSTANCES DISSOLVED IN RAIN 
AND SNOW. 

By WILLIAM A. MOQRE and GLEN BROWNING. 

The precipitations in Mount Vernon, Iowa, from 
May 31 to August 13, 1920, were studied in the 
chemical laboratories of Cornell College. Mount 
Vernon is a village of about 2000 population, 
situated i8 miles from the nearest manufacturing 
centre. The rain was caught in two' porcelain 
receptacles, about 2oin. in diameter, in an open 
space away from trees and as far as possible from 
chimneys. 

There were 21 precipitations during the time, 
and a total rainfall of 6*13 inches. The precipi- 
tations were tested for nitrogen in nitrates, 
nitrites, free and albuminoid ammonia. The 
water was also tested for phosphates, and to our 
surprise they were frequently fo-und to show a 
trace. Sulphates were found in a number of the 
samples. Chlorides were found to be absent in 
the first two or three precipitations, and so we 
discontinued the tests in the later rainfalls. 

We expected more than the usual amount of 
nitrogen in the precipitations during thunder 
storms, but such did not prove to be the case. For 
the first time in the history of these investigations 
carbon dioxide was sometimes detected. ^ 

When there was a small amount of precipitation, 
the analysis showed a relatively large amount of 
all the various substances. We also noticed when 
the wind was blowing from the manufacturing 
centre previous to the rainfall, there were carbon 
dioxide and sulphates almost invariably present. 

On one occasion there were two precipitations 
in the same day. Both were analysed and while 
the first contained o*ooi parts nitrites and 0*3 parts 
nitrates per million, the second contained only 
o-ooog parts nitrites and 0*005 parts nitrates. This 
decrease was always in evidence after a rain 
following one on the previous day. 

The precipitation of the afternoon of July 4 
which was lin., contained a large amount of all 
the substances usually found. The ammonias 
were o*6, nitrates 0*35, carbon dioxide 0*6 per 
million ; while the average for the sumnaer months 
was ammonias 0*28, nitrates 0*35, carbon dioxide, 
0*23. 

The amount of nitrogen as nitrites and nitrates 
which fell during this period of three months was 
o*761b. per acre. 

In previous papers we have suggested the spr^y 
from the Atlantic Ocean borne by the winds acro^ 
the country as the source of the sodium chlpride 
in the atmosphere, and precipitations of jx^th rain 
and snow. Dr. Charles T. Brooks, of Washing- 
tcHi, D.C., edit (Mr of the Monthly Weather Review ^ 
kindly called our arttention to dust storms a»d 
muddy tains from the arid ' i^ions , 61 the 
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outh-western pai*t of the United States as a pos- 
ible source of the sodium chloride in the atmos- 
>here. He cites especially such a storm of March, 
918, described by A. N. Wiiichcll and E, R. 
kfiller in the Monthly Weather Review of Nov- 
mber, 1918. During the sto-rm, material was 
arried several hundred miles, depositing dust at 
Dubuque, Iowa, and various other places. Phy- 
ical and microscopic examinations of the dust 
•ollected at different localities shows that it is 
:hiefly quartz and feldspar with considerable 
imonite and haematite. The observers men- 
ioned also concluded that ‘'the dust is the product 
)f physical disintegration and not of chemical de- 
:omposition.” There is no indication that any of 
he observers detected sodium chloride; yet it 
night have been present in small quantities, and 
lot have responded to the tests to which the 
leposits were subjected. 

Cornell College, Mount Vernon, Iowa. 

January i, tqqi. 


THE CHEMISTRY 

AND CRYSTALLOGRAPHY OF SOME 
FLUORIDES OF COBALT, NICKEL, 
MANGANESE AND COPPER.* 

By FLOYD H, EDMINSTER and HERMON C. COOPER. 
(Concluded from p. 45.) 

Calculations , — In the computation of the formulas 
For the fluorides, use was made of the analyses 
jn crystals which wxrc taken from the solution, 
washed, dried, and analysed immediately. The 
average of these analyses was used. 

In the case of fluorine results from the piccipi- 
tation by calcium chloride alone were discarded, 
as they had been proven to be inaccurate. The 
results used arc the average of the fluorine deter- 
xninations by titration and by precipitation by cal- 
cium chloride in the presence of calcium oxalate. 

For the metal the calculations in the case of 
cobalt, nickel, and copper are the average of 
results obtained from the anhydrous sulphate and 
by electrolysis, with emphasis upon the latter, 
since m this method the sources of error arc re- 
duced to a minimum. For manganese metal the 
calculations are based upon the weight found in 
the anhydrous sulphate and in the pyrophosphate. 

For the water use was made of the percentage 
difference. 

In some cases only selected determinations were 
utilised for the calculations. The selection is 
given in the last co'lumn of the following tables. 
A great many more determinations were made 
than are recorded in the preceding tables, in order 
to familiarise ourselves with the possible sources 
of error. 

Formulas. 

Cobalt Fluoride, 

Co = 19- 40 -r 58*97=0-3291 = 1*000 All determina- 
tions. 

F=43’I4'^I9‘oo= 2*2705=6’899. Nos. 90, 130, 131. 
HaO =^36' 06 -M 8* 00 =2* 0033 =6* 087. By difFerence. 

The formula is CoF^^sHF.eHaO. 

* A more detailed account of this work was submitted to the 
Faculty of the Graduate School of Syracuse University by Floyd H. 
Edminster in May, 1918, in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy. 


Nickel Fluoride. 

Ni= 19*50 58‘68=0’3323 = roooo. All determina* 
tions. 

F =43*32 "M9*oo = 2*28oo= 6* 8610 N'os. 89, 96, 131. 
HaO=35*58-M8*oo = i*9767 = 5’9485. By difference. 
H=i*6.‘ 

The formula is NiF^.sHF.GHaO. 

Manganese Fluoride, 

Mn = i8*oo 55*00=0*3283 = i-ooo. No. 76. 

F =43-02 'T-. 19*00 = 2* 2640=0*889. No. 76. 
H.,0=35*58'^ 18*00 = 2*0772 = 6*327. 

H = i* 5 . 

The formula is MnFa.5HF.6H2O. 

Copper Fluoride, 

(Crystals by recrystallisation from water). 

Cu = 20*09 63* 57 =0*3 1 6 = LOGO. All determina- 

tions. 

F =42*70-.- 19*00 = 2*250 = 7*100. All determinations. 
H20=35*6 i i8*oo= 1*978 = 6*260. By difference. 

H = i*6. 

The formula is CuF3.5HF.6HaO. 

Copper Fluoride, 

(Small crystals and crust deposited slowly from 
original mixture). 

Cu = 45*82-^ 63*57=0‘747 *i*ooo. 

F =28* 13 -j-ei9’00= 1*480 = 2*036. 

H20 = 26*o5'^ 18*00=1*440 = 2*000. 

The formula is CuFa.2HaO. 

We append here the results of a few determina- 
tions and calculations on the crust or powder 
formed in the preparation of crystals of cobalt and 
nickel fluorides. 

Cobalt Fluoride — Crystalline Crust. 

Reference Fluorine 

No. Per cent. Metal Ratio. 

84 . 25*09 33*90 • 2*29 

Powder. 

104 24*42(a) 35*10 1*0:2*154 

(a) Average of two dctei*minations on the same 
material; fluorine also determined on same 
powder. 

Nickel Fluoride — Powder. 

100 Not det’d. 34’ Si 

loi' 25*46 34*66 1*0 : 2*26(6) 

(b) Made by boiling the crust 

The results approximate the neutral salt for- 
mula and correspond to the result for the copper 
fluoride crust We do- not, however, feel war- 
ranted in assigning formulas. 

Crystallography. 

From the second rccrystallisation in the open 
air crystals were obtained in ample quantity for 
crystallographic investigation and analysis. Some 
of them were as large as 20x8 mm. Measure- 
ments were made with a Goldschmidt reflecting 
goniometer. In general, the specimens were 
found to be extensively etched because of their 
high solubility. The etching caused so- much dis- 
persion of light that the reflected image was not 
as sharp as was desirable; therefore the readings 
were only reliable to about 30 seconds. 

Cobalt Fluoride j CoF3.5HF.6H2O, Rhombo- 
hedral.— The cobalt fluoride is orange-red; equiv- 
alent wave length 610 gg for a plate 2 mm, thick, 
(A considerable, number of these observations were 
made or confirmed by H. E. Merwin, of the Geo- 
physical Laboratory, to whom we are accordingly 
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greatly indebted). The crystals are flattened hex- 
agonal prisnas capped by two rhombohedrons of 
the opposite order to^ the prisms. The average 
angle between the prism faces m : m' is 60*^ o', 
F or the rhombohedrons the angles from the base 
are 30° 59' and ^ 50° 6', both within _± 8', From 
the measurements c = 1*039; 0 h v (ion) = 50° 9' 
and c /\ e (0112) = 30° 55'. Distinct prismatic 

cleavage was observed. Optically the crystals 
are uniaxial postive with approximate refractive 
indices measured by immersion: « = 1*38(5), 
= r 39 ( 7 )* Extinction is parallel. The sp. gr. 
by the Jolly balance, using alcohol as immersion 
liquid, is 2*0445. 

It does not seem worth while to make drawings 
of the crystals because of their distortion, which 
was probably due to their growing attached by one 
side to the dish. 

Nickel Fluoride, NiF2.5HF.6H2O, Rhombo- 
hedral. — The nickel fluoride is blue-green ; equiva- 
lent wave-length 510 m/a for a plate 2 mm. thick; 
non-pleochroic, with habit, cleavage and general 
optical properties like cobalt fluoride. Measure- 
merUs of the rhombohedrons gave the same angles 
as the cobalt salt. Refractive indices measured on 
a small prism gave the following results for the 
mercury lines ; the other values are interpolated : 


1*398 

1*395 

1*392 

1 * 392 — 

1*390 


i'4i3 
1*410 
1*408 
1*408 — 
1*406 


Hg 436 ... 

F 

Hg 57S .. 

c 

Sp. gr. in alcohol, 2*0006. 

Manganese Fluoride, MnF2.5HF.6H3O.— The 
manganese fluoride is light red with habit and 
general optical properties like those of cobalt 
fluoride. The average angle between the prism 
faces m : m is Oo° 8'. The pyramid faces were 
so poorly -developed that it was impossible to 
measure them. Sp. gr. in alcohol, 1*921. 

Coffer Fluoride, CuFa.sHF.bHaO, Monoclinic. 
- The copper fluoride is blue-green-blue, equiva- 
lent wave-length 490 /i/x for a plate 2 mm. thick, 
and IS distinctly pieochroic. The crystals were 
not perfect enough to determine by form. Micro- 
scopically they apparently show three cleavages, 
to one of which they extinguish parallel. This 
cleavage seems to be parallel to a set of faces, 
i he extinction observed against another apparent 
cleavage is very oblique. A few elongated rough 
crystals and cleavage fragments were elongated 
m the direction of a'. Good biaxial interference 
figures showed -~2E=48‘' ±2*^, with no observable 
axial dispersion. The refractive indices were 
measured carefully under the microscope by im- 
mersion as follows : a = 1*395, ^ =i‘44o, y =x*444. 
Therefore, — 2V-32 . a is least absorbed. 

ihe evidence of monodinic symmetry is thus 
almost conclusive. The examination of the 
optical properties was rendered very difficult by 
the rapid loss of crystal hydrate water. Sp er 
m alcohol, 2*4055. 

The crystals of the normal fluoride, CuF,.2HjO 
to .naeasure. Recrystallisation 
yidded the acid fluoride. 

homor^kism — The chemical and optical exam- 
ination thus showed that the acid fluorides o£ 
cobalt, nickel, and manganese are isomorphous, 
while the similarly prepared copper fluoride, of 


the same chemical formula, has a different crystal 
form. The first three are rhombohedral, forming 
flattened hexagonal prisms, capped by two rhom- 
bohedra of the opposite order to the prisms. All 
three showed prismatic cleavage, are uniaxial posi- 
tive,^ and give parallel extinction. The refrac- 
tive indices of the cobalt and nickel fluorides differ 
by less than i per cent. The indices of the man- 
ganese fluoride were not measured. 

Summary, 

The fluorides of cobalt, nickel, manganese, and 
copjper can be prepared by dissolving either the 
hydroxide or the carbonate of the metal in hydro- 
fluoric acid, the same product being obtained, 
whichever is used. In all cases a crust-like pro- 
duct was obtained as the result of evaporating the 
original solution.. From the water extract, 
slightly acidulated with hydrofluoric acid, crystals 
of the acid fluorides were formed and analyses 
and measurements of these crystals were made. 

The formulas of all four fluorides are of the 
same acid fluoride type : MF2.sHF.6H2O. It was a 
surprise to obtain the acid fluoride by recrystallisa- 
tion from water, it being considered more likely 
that a basic salt would be obtained under these 
circumstances. 

The acid fluorides are not permanent in the air, 
but decompose, losing hydrogen fluoride, and in 
the case of copper losing water also, so that the 
crystals used for analyses must be carefully 
selected and preserved. Investigation of the rate 
of loss of hydrogen fluoride was not undertaken, 
but our analyses were made with crystals soon 
after being taken from the solution and in our 
opinion the results are the most reliable obtain- 
able. 

The formation of a hydrated, non-crystalline 
crust is distinct from that of the hydrated acid 
fluoride crystals. In this crust the ratio of metal 
to fluorine, for the cases of cobalt and nickel, was 
found to be, roughly, one to two, with varying 
water^ content. This crust differs from the cry- 
stals in solubility and form, as well as in compo- 
sition. We. have arrived at the conclusion that 
the crust described by Berzelius as containing two 
molecules of water, the crust later described by 
Clarke as containing three molecules of water, 
and the crust and powder obtained by use are the 
same, the water content being variable and the 
crystal form undeveloped. All were obtained in 
the same manner. 

The acid fluorides of cobalt, nickel, and man- 
ganese give rhombohedral crystals, with prismatic 
cleavage, parallel extinction and uniaxial positive 
character. Since they have the same type of 
chemical formula, the same crystal form and the 
same habit, cleavage and general optical pro- 
perties, we consider that they constitute an iso- 
morphous series. 

The acid fluoride of copper has the same type 
of formula, but differs crystal lographicaily. 

From the original preparation of copper fluor- 
ide small crystals of the normal fluoride, 
CUF3.2H2O, were obtained, which were not good 
enough for measurement and which r^yerted un- 
expectedly to the acid fluoride on rec:!Tstallii|atioh 
from water. ' 

The experimental Work upon which ihis^ar^^e 
is based was completed in t ’ j > 
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ON FERRAZITE ? A NEW ASSOCIATE OF 
THE DIAMOND* 

By T. H. LEE and LUIZ FLORES DE MORAES. 

Among the voluminous researches of the late 
Eugen Hussak, some of the most interesting are 
his patient investigations of the dense minerals 
found in diamond-washing, which extended over 
a number of years. 

Apart from the great number of minerals studied 
and determined by him and made known to the 
scientific world by the publication of his post- 
humous work “Os satellites do Diamante," edited 
by our colleague Dr. Jorge Belmiro de Araujo 
Ferraz, considerable and valuable material exists 
in the Hussak mineral collection, acquired and 
conserved by the Brazilian Geological Service, in 
which our colleague encountered and handed to 
us for analysis a number of “favas” with Hussak’a 
own label “Pb-Al hydrophost. D.-3*0Q5.Neu i 
[Favas : English equivalent “Beans.” This name 
is applied to certain dense rounded flattish pebbles 
found with the dense residues from gravel in the 
diamond- washers bateas). 

From the results of a preliminary analysis it 
appeared that, in addition to lead, barium was 
also present, which led us to carry out a complete 
analysis, leading to the following results : — 

i 1 j _ „ 


Combined water 14*20 

Lead oxide 45*63 

Barium oxide 8*87 

Lime traces 

Alumina ... 3*48 

Phosphoric Anhydride 26*24 

Silica 2*44 


ioo*8() 

Considering the silica to be present as kaolinite, 
and the excess of alumina over and above that 
required by the silica to be present as w’avcllite, 
the composition of the “favas” should be repre- 
sented as follows : — 


New Mineral Kaolinite Wavellitg 


Combined water 

. 12*48 

, 0*71 

c 

roi 

Lead oxide 

... 45*63 





Barmm oxide 

... 8*87 





Alumina 

. 

2*05 

1*43 

Phosphoric anhydride 

... 24*92 



1*32 

Silica 


2*44 



Calculating anew the composition of the new 
mineral on a centesimal basis, we have : — 


Combined water 

. ... 13-58 

Molecular 

ratios. 

0*7544 

Lead oxide 

■ . 49-65 

0*2227 

Barium oxide 

. ... 9-65 

0*0631 

Phosphoric anhydride 

. .. 27-12 

0*1910 


100*00 

Recalculating these molecular ratios on a basis 
of P2O3 equal to 2, we have : — 

Combined water 7*900 

Lead and barium oxides 2*993 

Phosphoric anhydride 2*000 

or 3 (Ba,Pb)0.2P20«.8H20. 

The density of the “favas” varies between 3*0 
and 3*3. The colour is a dark yellowish-white, 
resenabling that of old ivory. The specimens are 
discoid in shape, and thin sections show under the 
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microscope a granular structure suggesting that 
resulting from the evaporation of a colloid sub- 
stance. 

Dana’s “System ot Mineralogy,” 6th ed. with 
Supplements 1 . and 11 . , mentions no such 
mineral, although it includes all Damour’s results,' 
so that w*e feel justified in claiming novelty for 
the mineral, and suggest for it the name of 
ferraBite^ in just recognition of Ferraz’s valuable 
woik in editing Hussak’s posthumous work, and 
in classifying and rendering available the precious 
mineral collection left by \i\m,’^America 7 i Journal 
of Science^ xlviii., p. 353. 


THE CRYSTAL STRUCTURE OF ICE. 

By D. M. DENNISON. 

Synofsis, 

Crystal Structure of Ice as Determined from 
X-ray Pattern. — h. small sample of ice composed 
of minute crystals, gave by Hull’s method a pat- 
tern of 12 clearly-defined lines whose positions 
indicate that the lattice of an ice crystal corres- 
ponds to a hexagonal close-packed arrangement 
of molecules, consisting of two sets of inter- 
penetrating triangular prisms with sides 4*52 A 
and height 7*32 A. Since for close-packed spheres 
the axial ratio should be 1*633 instead of 1*62, 
the ice molecules act like spheres which have be- 
come flattened by 0*8 per cent in the direction of 
the hexagonal axis. This lattice is practically the 
same as that found for magnesium, but the 
diffeicnccb in relative intensity between the lines 
of the two X-ray patterns suggest that ice mole- 
cules and magnesium atoms must differ consider- 
ably in shape. 

Molecular Formula for From the density 
of ice and the dimensions of the lattice it follows 
that the formula for an ice molecule is (HaOja or 



X-ray photographs of ice weie made in the same 
manner as the crystal powder photographs des- 
cribed by W. A. Hull (Phys. Jan. 1917, ix., 

8s). A small quantity of distilled water was en- 
closed in a thin-walled capillary tube of lime 
glass. The tube was then plunged quickly into 
liquid air, freezing the water with such rapidity 
that only very minute ci^stals were formed. The 
tube was then kept at liquid air temperature in a 
specially constructed Dewar flask. The sample 
was rotated continuously during the lo-ho-ur ex- 
posure to the X-rays from the molybdenum target 
of a water-cooled Coolidge tube which was 
running at 32,000 volts, 25 milliamperes direct 
current. The photographic film was bent in a 
semicircular arc of radius 19*8 cm. The tube of 
ice was placed in the axis of this arc. A good 
photograph was obtained which contained 12 lines, 
the data from which are recorded in the table. 

The first column gives the angular deviation of 
each line, the second gives the intensities, which 
w*ere only roughly estimated, and the third gives 
the intensities of the corresponding magnesium 
lines as estimated by Dr. Hull [Pro. Nat. Acad. 
Scz.j July, 1917, iii. 470). The fourth column 
gives the observed plane spacing's, while the fifth 
gives the theoretical plane spaemgs which would 
correspond to a close-packed hexagonal lattice, 


Finazite 
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consisting of two sets of interpenetrating triangu- 
lar prisms, the sides of whose bases are each 4.52 
Angstroms and whose height is 7*32 Angstroms. 

nr 1 .1 j . 


rhe observed 

and theoretical spacings 

agree 

i^ithm the limit of experimental error. 




Inten- 





Angular 


sity of 





Deviation 

Inten- 

Magne- 

Spacing of 


No. of 

of 

sity of 

sium 

Planes in 

Indices Cooper- 

Line 2d 

Line 

Line for 

Anjfstroms 

of 

ating 

(Degrees). (Estim- 

Compar- 

Obs. 

Ca. 1 . 

Form 

Planes 


ated). 

ison. 





10*44 

I 

4*7 

3*92 

3-915 

lOIO 

3 

I r 16 

10 

— 

3 67 

3-671 

0001 

I 

11*88 

2 

10*0 

3*44 

3-453 

lOI I 

6 

15*30 

1*5 

3*3 

2*68 

2-675 

1012 

6 

i8*I2 

I 

4*7 

2*26 

2*260 

1120 

3 

19*86 

5 

4*0 

2*065 

2*065 

1013 

6 

21*38 

_i 

4*0 

1*92 

1*925 

1122 

6 

27*16 

I 5 

1*0 

i'5i6 

1*528 

2023 

6 

30*20 

2 

1*3 

1-368 

1*372 

1015 

6 




1*368 

1*372 

1232 

12 

3176 

0*25 

0*2 

1*30 

1*305 

lOIO 

3 

33 'o 8 

0*25 

1*0 

1*25 

1*268 

1233 

12 

3 S '54 

0*5 

0*3 

1*167 

I* 165 

2025 

6 

The above values give an 

axial 

ratio ( 

of 1*62 


in good agreement with the crystallographer’s 
value of i‘6i 7 (Gmelin Kraut, '‘Handbuch 
der Anorganischen Chemie,” Heidelberg, 1907, 
1., I, p. 107). An hexagonal lattice of close- 
packed spheres has an axial ratio of 1*633. The 
data from the photograph seem to indicate that 
1*62 is a more probable valu6 than 1*633 for the 
structure of ice. This ratio and the dimensions 
of the elementary prism were determined by 
means of a set of graphs, made by Dr. Hull and 
Dr. Davey, which is to be published shortly. 

Estimating ^ the density of ice at liquid air 
temperature as 2^=0*944, the number N of mole- 
cules of H3O per cubic centimetre may be calcu- 
lated. 


^(6*023) X lo®-* 

IM ~ — 


= 3*154 X 10^2, 


The voluftie V of the elementary prism may also 
be found, knowing that a the base and h the height 
of the prism are 4*52 A. and 7*32 A. respectively. 

__ 

y _ — _ 0*6478 X 10 22 c.c. 

The number ;/ of HgO molecules per unit prism 
is then equal to the product VN, 

n-VN = 2,-0^. 

Ice belongs then very nearly to one of the two 
alternate arrangements which* inelastic uniform 
spheres may assume if packed as closely as pos- 
sible. This IS the same form that magnesium atoms 
take. If the molecules of ice and the atoms of 
magnesium weie identical in arrangement and 
form, not only would the plane spacings be pro- 
portional but also the intensities of the lines would 
be similar. From columns two and three of the 
table It may be seen that the intensities are not 
proportional. With increased knowledge of cry- 
stal structure these data may furnish information 
regarding the shape of the molecule of water. 
With the hexagonal close-packed t>Tpe of lattice 
each prism contains on the average one molecule. 
The result calculated above' indicates that in ice 
crystals the molecules of w^^er are of the form 
(H30)2 or 'ilS>^,^^Physicat Remem (U.S.A.)y 
January, 1921. 


THE LUMINESCENCE OF SAMARIUM. 

By HORACE L. HOWES New Hampshire State College. 

The rare earth elements, in composition with lime 
or other diluents have been made to phosphoresce 
by Sir William Crookes (Crookes, Comftes Ren- 
dits, 1879, Ixxxviii., 283), Leecoq de Boisbaudran 
(Leecoq de Boisbaudran, Coniftes Rendtis, 1885, 
ci., 552), Urbain (Urbain, Annales des Chimie et 
de Physique 1909, ser. 8, xviii , 222), and others. 
The most favoured mode of excitation is by the 
cathode rays. The long controversy between 
Urbain and Crookes over the phosphorescent spec- 
tra of the rare earths has resulted in the control 
of those exacting chemical processes w'hereby the 
rare earths can be prepared in definite grades of 
purity. Such beautiful analyses have been made 
that the physicist is now able to begin his study 
of the rare earths with an exact knowdedge of the 
composition. The method of making samples 
for luminescence (using the term ‘‘luminescence^^ 
to include the older terms “phosphorescence,” as 
well as “fluorescence”) can be varied systemati- 
cally, the heat treatment well controlled, and the 
variation of the spectra, if present, noted. As has 
always been found true, heat treatment is neces- 
sary to render the specimen in a luminescent con- 
dition. The molecular aggregates are no doubt 
so changed by the heat treatment that luminescent 
centres are produced in highly localised positions 
scattered through the general structure. 

One of the chief reasons why the rare earths in 
solid solution offer an excellent field for attacking 
the problem of luminescent radiation is because of 
the highly resolved bands which constitute the 
luminescence spectrum. Hitherto, wdth the excep- 
tion of such solids as the uranyl compounds and 
the ruby and such gases as iodine, sodium, mer- 
cury, sulphur, &c., studies have been made with 
substances, which, although brilliant, exhibit only 
broad bands. The difficulties in the path when 
analysis of such very broad bands is attenapted 
are considerable because of the extensive over- 
lapping of the components, but the rare earth com- 
pounds present — ^like the uranyl compounds 
where very narrow bands are viewed against a 
dark background — a very convenient field 
(Nichols and Howes, “The Fluorescence of the 
Uranyl S^Xts^Puhlications of the Carnegie Ifisti- 
tnte of Washifigtouj, No. 198). The present work 
on samarium must be considered a prelude to a 
rather complete analysis of rare earth lumines- 
cence. 

The present problem was the outcome of earlier 
work done in collaboration with Prof. E. L. 
Nichols and the investigation was made possible 
by a grant from the Rumford Fund. The speci- 
mens of samarium oxide were obtained from Prof. 
C. James, of New Hampshire State College, and 
the solid solutions were prepared by Dr. D. T. 
Wilber, of Cornell University. The samarium 
oxide was weighed and dissolved in hydrochloric 
acid and diluted to i/ioo. This solution was 
added to pure calcium carbonate which had pre- 
viously been tested for non-luminescence in a pro- 
portion which gave one atom* of rare earth to 125 
atoms of calcium- The mixture was evaporated 
to dp^'ness with stirring. The heat treatment was 
carried on in the following manner : limited por- 
tions were placed in uncovered glazed crucibles 
and treated at several temperatures between 200“ 
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and 1200° C. in an electrical resistance furnace. 
The duration of heat treatment at one temperature 
was also varied beti-veen one and three hours. It 
was found that it was necessary to heat to a 
critical temperature of approximately 600° C., to 
render the luminescence sufficiently bright for 
spectrum analysis when the specimen was subse- 
quently cooled to 4*20° C, and excited by the 
cathode rays. The 200° C. specimens gave no 
luminescence at all and the 4^0° C. specimens 
exhibited but few regions of luminescence. As 
regards the duration of heat treatment, one hour 
served as well as three hours — ^probably because 
only thin layers were treated. About twenty speci- 
mens from the same stock were thus heat treated, 
and finally one specimen was heated five minutes 
in the core of an arc carbon. Although no quan- 
titative measurements of intensity were taken it 
was observed that specimens previously heated to 
1200° C., or above that temperature, were the most 
brilliant imder cathode rays at +20° C. 

The luminescence spectrum consists of more 
than thirty bands of varying intensities, which 
plotted to a frequency scale can be resolved into 
several series : bj Cj dj gj hj of constant 
frequency intervals. ^ The intervals, although con- 
stant for given series, vary slightly from one 
series to another; series a for example of no units 
interval, series b of 108 units interval. In Table 
I. will be found the wave-length and reciprocal 
of wave-length of each band together with the re- 
lative intensity and series letter. The bands not 
previously discovered are marked, but the object 
of the present investigation was to study the con- 
ditions under which the spectrum is produced and 
to analyse it — rather than to discover new bands. 
The times required for one exposure averaged ap- 
proximately ten minutes. 

Table I. 

Luminescence Bands of Samarium Oxide in 
Calcium Oxide. 


Nature. 

A. 


Senes 

v.d. 

... 6801 

1470 

C 

d. 

... 6734 

14^5 

d 

v.v.d. 

... 6643* 

1505 

e 

d. 

... 6600 

1515 

a 

-d. br. .. 

.*• 6536 

1530 

f 

d 

.. 6470 

I54G 

b 

d. Vag. 

... ^ 6405 

1562 

h 

d. br, ... 

... 6320 

2580 

c 

m. br. ... 

... 6270 

J 595 

d 

m. Va. ... 

... 6183* 

1617 

e 

VMr, 

... 6146 

1627 

a 

v.d.n. 

... 6240* 

2629 

a* 

v.d. 

... 6103 

1639 

f 

v.str. 

... 6050 

1653 

b 

v.v.d.n. 

... sggo* 

1669 

h 

m 

... 5 Q 40 

1684 

c 

v.d.v.n. 

... 5898* 

1695 

g 

m. b;. ... 

... 5868 

1 70s 

d 

m 

— 5793 

1726 

e 

V. str, ... 

5757 

1737 

a 

v.v.dm. 

... 5721 

1748 

f 

V. str. ... 

... 5675 

1762 

b 

d. 

... 5653* 

3769 

i 

v.d. 

... 5621* 

11779 

' h 

d.Vag, 

... 5581* 

2792 

c 

m 

5553 

1801 

g 

v.d.n. 

... 5520 * 

1812 

d 

n* 

... 5481 

1824 

— 
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Nature. 

A 

I/' 

Series. 

v.d.n. 

5451 * 

1835 

e 

v.d.n. 

. . 5416* 

1846 

a 

v.d.br. 

•• 5387* 

1856 

f 

v.d.br. 

... 5328* 

1877 

i 


* Wave-lengths of bands hitherto undiscovered. 


The most startling behaviour of the samarium 
oxide rests in the fact that no shift in the positions 
of the hands could be measured^ whether the sfecu 
men was heai-treated at 600° C. or 3000° C. This 
remarkable stability is not generally associated 
with a luminescent substance, and hence is of 
great importance. It may be due in part to the 
greater than ordinary purity of the materials em- 
ployed as well as to consistency in the conditions 
of excitation, exposure, &c. 

The specimens must be kept in a desiccator or 
sealed in glass since both the samarium and cal- 
cium oxides upon taking water from the air be- 
come non-luminescent as a compound. The speci- 
men was mounted on an aluminium shelf which 
tended to keep the temperature from rising much 
above room temperature by conducting the heat 
due to impact to a hollow aluminium cylinder of 
large area. _ That this precaution served the pur- 
pose of maintaining the temperature of the very 
thin lamina of the specimen near room tempera- 
ture was observed in a unique manner. After an 
exposure it was observed that a small portion of 
the cathode ray bundle did not strike the specimen 
but passed on to excite the luminescence particles 
of the specimen which had fallen to the bottom 
of the glass tube. When the cathode stream was 
stopped the particles on the glass surface exhibited 
brilliant thenno-luminescence due to heating by 
the cathode rays while the sample on the alu- 
minium shelf showed no thermo-luminescence. 

Subsequently it was found that the temperature 
required for thermo-luminescence was approxi- 
mately 200° C. 

Summary. 

1. ' The spectrum of the cathode-ray lumines- 
cence of samarium oxide in calcium oxide is un- 
changed by heat treatment at several tempera- 
tures ranging from 600° to 3000° C. 

2. The spectrum consists of eight short series 
of constant frequency intervals .— Review 
{U.S.A.).^ January, 1921. 


PROCEEDINGS OF SOCIETIES. 

MINERALOGICAL SOCIETY, 

January 18, 1921. 

^*‘The Olivine Grouf.^^ By A. F. Halumond. 

Since the discussion of the densities by 
Thaddeef in 1896, and of the optical constants by 
Backlund in 1909, numerous additions have been 
made to the published data. These have been 
collected, and the rnost probable values for the 
pure compounds obtained. The molecular volume 
of monticellite is slightly greater than the mean 
between forsterite an.d r-Ca^SiO^. For, the com- 
plex mixtures the density and mean refractive 
index yield additive relationships, but the biri- 
^ingence and axial ratios follow no additive law 
The conditions of plotting which must be observed 
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if the variation of an additive property with com- 
position is to be expressed by a straight line were 
briefly summarised. 

M Method of Roch -Analysis Diagrams Based 
on Statistics By W. A. RICHARDSON. 

Oxide variation diagrams, similar to those em- 
ployed by Dr. Harker, can be used for expressing 
the chemical relations of rock groups and indivi- 
duals. The diagrams obtained from plotting 
Iddings’ selected analyses gave the maximum 
variation for all rocks. 

^^Identity of Trechmames ^t-tiid with Stannous 
Sulphide:^ By L. J. SPENCER. 

A re-examination of the original material des- 
cribed by C. O. Trechmann in 1879 as an oitho- 
rhombic modification of tin proved that he made 
his crystallographic determinations on cry^stals of 
one kind (viz., stannous sulphide), whilst the 
chemical analysis was made on crystals of another 
kind (viz., metallic tin). Tin is therefore dimor- 
phous and not trimorphous, ‘'white tin” being 
tetragonal, and "grey tin” cubic. Orthorhombic 
crystals of stannous sulphide (SnS) and tettagonal 
cr>^stals of iron sfannide (FeSug) from tin fur- 
naces, and rhombohedral ciy'stals of tin arsenide 
(SnaAsa) isolated from a tin-arsenic alloy were 
described. 


THE SOCIETY OF GLASS TECHNOLOGY. 

Wednesday J January 19, 1921, 

Dr. M. W. Travers, F.R.S., m the Chair. 

The Fortieth Meeting of the Society of Glass 
Technology was held in the Mappin Hail, Applied 
Science Department, The University, Sheffield. 

The first paper presented was entitled : — 

^^The Rate of Change of Glass Composition in 
a Tank Furnace following a Change in ike Batch 
Composition:^ By JOHN CURRIE, M.A. 

In this paper, which was given by Prof. W, E. 
S. Turner, the author stated that the tank furnace 
in question had a dead-weight capacity of 106 
tons. During six working days in the week, 
filling on took place every two hours, the quantity 
added being made up of soewt. of batch and 4cwt. 
of cullet, derived directly from the working end. 
Originally, the metal in this tank was used for 
bottles made on Forster machines. In place of 
these there were installed semi-automatic O'Neill 
machines, with Hartford-Fairmont feeder. It 
was thus necessary to produce a glass of lower 
melting point and slower rate of setting. The 
batch was altered accordingly, so as fo reduce the 
percentage of lime, at the same time increasing 
the percentage of alkali in the glass. At various 
dates after the new batch was put into use, a 
sample bottle was taken for analysis, and the den- 
sity of the glass was also determined. 

The main fact established in the paper was that 
a period of nearly three months was required tp 
effect a radical change in th^ composition of the 
tank. After that period, the composition of the 


glass was nearly identical with that calculated 
from the pew batch, the' percentage of 4iine^ being 
7*42 as compared with 6*78 in the theoretical 
composition. ' . 

The discussion that folowed this paper was ex- 
ceptionally interesting, those taking part being 
the Chairman, Messrs. R. L. Frmk, W. J. Rees, 
G. Simpson, J. H. Davidson, A. E. Hill, J. Con- 
nolly, and Th. Teisen. In the absence of the 
author. Prof. Turner replied. 

Two other papers were presented, namely : — 

(a) ^^Problems arising in* TarPk Furnace Practice 
through Shortage of Saltcake:^ Sy Prof. W. E. 
S. Turner. 

(b) ^^The Relative Advantages and Disadvan- 
tages of Limestone J Burnt Linie^ and Slaked Lime 
as Batch Materials:^ By F, W. HODKIN, B.Sc., 
and Prof. W. E. S. Turner. 

These two papers were taken together, and' pre- 
sented by Prof. Turner. The relative advantages 
of saltcake and soda ash w^ere discussed. It -was . 
pointed out that soda ash was generally much 
purer than saltcake, that it gave glass a considet- 
ably* greater proportion of its weight than did 
saltcake, and that soda ash batch would melt more 
rapidly and readily than a saltcake batch. It was 
also alleged that saltcake had a more corrosive 
action than soda ash on the refractory materials 
of the furnace. Further, soda ash was usually 
transported on the railways more carefully than 
saltcake. The price bad also to be considered, 
and an answer given to the question as_to what 
happened when saltcake could not be got.' Various 
substitutes had been tried with success. In some 
cases one-half or two-thirds of the saltcake had 
been replaced by a corresponding amount of soda 
ash. Attention was directed to an observation 
made by Mr. Golstharp, chemist to the Pittsburgh 
Plate Glass Co.^ U.S.A., to the effect that a good 
clear glass, having more than a' certain lime con- 
tent, could not be maMe with a wholly soda ash 
batch. . , * 

A number of lantern slides were presented show- 
ing the results of experiments made wdth small 
melts in which there were tried soda ash and salt- 
cake batches, and also a mixture of these, i. >In 
these experiments, they had tried in^ turn as the 
source of the alkali in the glass (i) limestone^ (2) 
burnt lime, and (3) slaked lime. What resulted 
depended in a considerable degree upon the nature 
or form in which the lime vras placed in the batch. 
In addition, there were other factors. Burnt lime 
may be expensive, but the burning of lime did not 
get rid of organic matter which had a reducing 
action in the tank, and therefore tended to ’make 
the colour poor. On the other hand, there were 
difficulties in handling burnt lime, while it also 
readily absorbed ■ •moisture and carbon dioxide., 
Limestone tended to make a, batch tno^-e !ex:pen- 
sive, but when iheited it gave '‘off a con'sid^fabfe 
quantity of gas, >Mch helped mechanically to Sir 
up the glass, thereby giving grea.ter 

A discussion followed^ | 7 irt 

the Chairman, W. J. Rees,^]^:Ll 'FnA: 

G. Simp^n, and J. GfsnoUy. Mr. ^odksn/l^^ 
Prof. Turner replied. 
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CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comptes Rend us Hehdomadaires des Seances de 
VAcademie des Sciences, Vol. clxxi.. No. 23, 
December 6, 1020. 

SPi’*CTRUM Analysis. TaMe of the most per- 
sistent lines of the elewnts^ which should help 
in analysis. — M, A. DE Gr^mont. — T his work is 
the outcome of work carried, out by the author 


during the last few years for many industries and 
Government Departments. The rates ultimes are 
designated by the symbols „i, «2. «3. showing their 
order of persistence, being the last to disappear. 
The dominant lines are printed in heavy 
type, and those which are next in order are printed 
in ordinary type. The wave-lengths in the table 
are expressed in international Angstrom units. A 
certain number of the visible lines, principally 
those lower than 4800, have been placed in the 
column crowti uviol glav spectrograph because 
they have been determined with this apparatus. 


Chemkal Notices from Foreign Sources- — The Dominant Lines in the SpeVtrums of the Elements. 


Aluminiitm ... 
Antimony ... 

Argon (i) 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine ... (2) 
Cadmium ... 

Caesium 

Calcium 

Carbon 

Cenum ... (4) 
Chlorine ... {2) 
Ctmomium ... 

Cobalt 

Coinmbium 


Ctqjper 

Dysproaum 

Ertaum 

EnrofHum 

Fluorine 

Gadolinium 

Gallium 

Germanium 

Glnmnum .. 

Gold 

Helium 
Holminm ... 
Hy^c^en .. 
In^um 


Iridium 
Iron ... 


(I) 

(4) 

:2) 

0 


Visible Portion. 
6245*1 ; 6233*8 


5535’5 

4722’5 


6438*5, 5085*8, 4800*0., 


5208*4 , 5206*1 ; 5204*5.. 
5353 ' 5 ; 5342'7 

5218*2 . 5?53'3 ; 5105*6.. 


Krypton ... (i) 
Lanthanum {4) 


(I) 


Lead... 
Lithium 
lAitecmm 
Ma^neamiu 
M^mganese 
Mercury 
Mdlyb<fcnum 


Keod3ri!aium (3) 
Neon (i) 


6278*2: 5837*4; 4792*6., 
65626 « 

4404*3 • 4383*6 ... 


5608*9; 5005*5 

67(H'9« 

5x83*6; 5172*7; 5x67*3.. 
4283*6; 4783*5; 4754 'x- 

54607; 4358*3 

5570*5: 5533 * 2 ; 5506*5.. 


**Uvtol Crown" Glav Spectrograph. 

3961 5 ,,i; 3944 0 « 

3267*5 ; 3232*5 


4934*1»2; 4664 0„i; 3891 8 ... 

3451*4 

36x0*5 ; 3261*1 

4693*2,, ; 4665*4,, 

422e*7„3; 3968*5«2; 3933 7„i 

4266*9 

4186*6; 4040 9«; 4012-6« ... 

4289*7 . 4274*8 , 4264*3u ; 

3605 3,, j 3593’6» ; 3578*7 
3453*5u ; 3405*1« 

4101*0 ; 4079*7„ ; 4059 0„ ; 

3358*4 

3274 0„2; 3247 5«i 

3906*3; 3692*7; 3499*1 

4205*1 ; 41^*8 


4172 ’lui , 4033*0 
^^^9*6,f2 ... 

3321*4; 3321*1 


4611 * 4 ^ 1 ; 4101 * 8„2 

3513 * 7 «,* 3437 * 1 . 3220 * 8 « ... 
4045*8 ; 3820*4 ; 3737*1 , 

3734 * 9 , 3570*2 ; 3565*4 

4333 * 8 , 4086*7 , 3995*8 ; 

3988*5 ; 3949 * 1 „ ... 

4057 8 «i; 3683 * 5 « 9 ; 3639*6 ... 
4602 * 2 « ... 

3838*3; 3832*3 

4034*5; 4033*1; 4030 * 9«3 ... 

39030 «{ 3 ): 3864 * 1 ,; 

37^*3, ( 3 ) ; 3635*2 

4303*6; 4177*3; 3951*2... 


By Photography. 


Quartz Spectrograph 

30927 , 3082*2 
26981 ,, 2628 ’ 5 , , 2311*5 

2860 “5 , 2780 * 2 , ; 2745*0 ; 

2349 * 8 , , 2288* t 
2335*3 

3067 7,1 ; 2989*0 ; 2938*3 ; 

2^8*0»2 . 2780*5 
2497 7 ,; 2496 * 8 „ 

2748*6 ; . 2288 0,2 ; 2265 * 0 ,i ; 
2144*4 


2478 6, ; 2296*9 


23889 , 1 *. 2378 * 6 , 2363*8; 

2311*6; 2307-9; 2286*2 


3039 1 , 1 , 2651*4 
31311 „, , 3130 * 4 , 

2802*2, 2676 - 0 , 1 ; 24280 , 


2755 * 7 , . 2749 * 3 „ , 2739 6 , 
2395-6,2; 2382 ' 0 „i 


2614*2; 2203*6, 2175*8 


2852 -l„i (') ; 2802 - 7.2 ; 2795 - 5 .^ 
2605-7 ; 2593 7 „ ; 2576 - 2 „, 
2836 - 6 „ 
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Vtstblfi Portion. 


Nicke^ 


5476-9* 5 o 8 ri , 4714*4 

Nitrogen 

(2) 


Osmium 

(i) 


Oxygen , ... 

(2) 


Palladium ... 

(4) 


Phosphorus 


' 

Platinum ... 

(3) 

5475*8 ; 5390*8 ; 5301*6 ; 5227*6 

Potassium ... 


5832*0; 5801*8; 5782*4 

Praesodymium 

(I) 


Radium 

(0 


Rhodium ... 

(4) 


Rubidium ... 



Ruthenium... 

(4) 


Samarium ... 

(I) 


Scandium . . . 

(4) 


Selenium ... 

(2) 


Silicon 

6370*9; 6346*8; 50570; 5042*3 

Silver 


5465-5; 5209-1 

Sodium 
Strontium ... 


5895 - 9 . 1 ; 5890 - 0.1 

Sulphur 


6045-5. 5997-4 

Tantalum ... 

(3) 

Tellurium ... 

Terbium 

(I) 


Thallium ... 

5350 * 5,41 ... ... ... ... ••• 

Thonum ... 

(4) 


Thulium ... 

<i) 

green group (5014.3 to 4981.8) 

Titanium ... 

Tin 


524*7 

Tungsten ... 

(3) 


Uranium ... 

(2) 


Vanadium ... 

(3) 


Xenon 



Neoytterbium 

( 4 ) 


Yttrium 

(4) 


Zinc 


6362*3 

ZkFComum ... 


blue group (4815*5 to 4687-8) 


*^Uvtol Crovin" Glav Spectrograph. 

3619-4 ; 3524-5 , 3515-1 ; 

3414-8„ , 3380-6 


By Photography. 

Quartz Spectrographs 

2437-S: 2416-2.1 ; 23161.; 
2303-0. 


3634-7.; 3609-6.; 

3404-6., 


3421-2 ; 


3966-4. ; 3923-0 ; 3268-4 

4047-2.1 ; 4044-2. ; 3447-4 : 

3446-4 

(4^85-9; 4682-2; 3814-5) (2)... 

3799-3 . 3692-4 : 3658-0 ; 

o4o4..q 

4216-6«2; IzOI-Shi 

3499 * 0 w ; 343^*7 


4246-9; 3651 *9; 

3630 8« ... 


3383-0^2 : 3280-7«i 
3303 0«2 1 3302*4^2 . 
4607'3„ ; 4305 5 : 

4077 8«i ... 

3631-9; 340^*9; 

mi2u ... 


4408-5 ; 43792; 

3184*0; 3183-4 


; 2553*3m ; 2535*6,# ; 

i634’o 

30647 ; 2529-8 ; ^734*0 : 

2659*4 


3613*8,#i ; 

*42i5*5,#2* 

3318^8 


3576 - 7 » 2 ; 35 i 9'2 ; 3229-8 ... 

4019-1 ; 3601*1 , 3539-6 

3372-8« : 3361-2« ; 3349*4^1 ... 
3801-0 ; 333 o'6 : 3262-3,i 
4302 4„i; 4294*7 ; 4008*8„ ; 
3613-8 ; 3215*6» 


2881'6„ ; 2528-5 ; 2516‘1„ 

2506*9 

24377 


2905'4 

2769-8 ; 2530*8 , 2^*8«l ; 

2383 3,42 

2707*9 


2863'3m. ; 2840^0 ; 2706*5 

2397*1 


3185*4, 3110*7; 3102*3, 3093*1 


3988 0«2 J 3694 - 2 „i ; 3289*4 ... 
3774 * 3 « 2 ; 3710 * 3 «i ; 3 ^ 33 'i : 
3600 * 7 , 43 ; 3242*3 -• - 

4810 - 5«3 ; 4722 * 2 ^ 2 ; 4680*2 ; 

3345 * 0,41 

- . - _ . . , 3496 * 2 « ; 343 ^* 2 ; 3392 * 0,41 — 

(1) Not studied by the Author. 

(2) Does not give either tl» ‘*raies ultimes” or the dominant lines. 

(3) In course of study ; provisional results. 

Studied only in the crown uviol; provisional results. 

(5-) Masked by Sodium 2852*8. 

{2) Runge and Precht. 

(3) Masked by the Iron lines. 
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MEETINGS FOR THE WEEK. 


Monday, February 7,1921. 

Royal Institution, 5. (General Meeting). 

Society of Chemical Industry, 8, 

Tuesday, February 8. 

Royal Institution, 3. *'The British Soldier since the Restoration— 
In War,'* by Hon, J. W. Fortescue. 

Institution of Electrical Engineers, 7. (At Leeds). 

Institute of Metals, 8, (At Glasgow^. 

Royal Society of Arts, 8. The Problem of Unemployment,” by 
E. C. de Segunds. 

Wednesday, February 9. 

Conjoint Board, 3. 

Royal Society of Arts, 4‘30- 


Thursday, February 10. 

Royal Institution, 3. ** Oceanography — Problems of the Plankton,” 

by Prof. W. A. Herdman. ^ 

Society of Chemical Industry. (At Bimungt^m). 1, 

Institute of Chemistry. (At Liverpool). t 

Optical Society, 7,30. , > r , ■ . 

Friday, February ti. 

Royal Institution, 9. Isotopes Atomic Weights," fe* 
F, W. Aston. * ' ♦ t; * 

Phy weal Sodlety, 5. (Annual Meeting). ' *" "t*' ^ 

Faraday Society and Manchester Literary apd, Philost^ldeal 
Society, 630. (At Mandtester). ^ 

Saturday, February 12 . \ , , ^ . 

Royal Institution, 3. ** Spectroscopy— Experimental Spechpoaoo|w," 
by A- Fowter. 
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We have recently drawn attention to the impor- 
tance of glassware in the chemical industry, and 
to the efforts that are being made by British glass 
manufacturers to render the country independent 
of foreign supplies. ^ , 

The Association of British Chemical Manufac- 
turers have recently issued a statement pointing 
out the gravity of the situation as regards the pro- 
duction of fine chemicals which we are glad to 
publish, as these matters are of supreme national 
importance if we are to hold our own in the near 
future. Recent developments in Germany, both 
in home politics and in trade propaganda enhance 
the importance of increasing vigilance at the 
present moment 

A KEY INDUSTRY. 

Are Britain’s Laboratories in peril ? The Asso- 
ciation of British Chemical Manufacturers draws 
attention to the present position of the Fine 
Chemical Industry. 

The next month or so w’ill decide whether, in 
the years to come. Great Britain is to make fine 
chemicals for all the wmrld, or whether we and 
the other nations are once more to turn to Ger- 
many for our laboratory and photographic chemi- 
cals, for essential drugs like antipyrin, phenace- 
tin, cocaine, salicylates, aspirin, salversan, and 
others. 

The case against buying these fine chemicals 
from the Germans is not founded on any foolish 
post-war prejudice against trading with a former 
enemy. It is a matter 'of international principle 
only less grave than the surrender of the High 
Seas Fleet and the reduction of the German Army. 
To-day it should not be necessary to remind any 
British citizen that it was Germany’s phalanx of 
expert chemists with their experienced workmen 
who gave her so tremendous an advantage in the 
early days of the struggle. That military asset 
was, of course, the direct consequence of the fact 
that Germany had been chemical maker to the 
world; nor for several reasons was it possible in 
those days to compete with the laboratories which 
in a night w^ere to become munition factories. 
For one thing, Germany had built up what was 
practically a monopoly in the fine chemical indus- 
try because the raw materials for that industry are 
largely the bye-products of the dye-stuffs industry 
— ^by that time, of course, almost a German 
monopoly. 

Mobilising the Chemists . — The war found her 
supreme, both in the necessary plant and in the 
knowledge, not readily acquired, of the most 
economical mode of production. But it did not 
leave her supreme; and it will be strange if we 
have since forgotten what we then learnt, namely, 
the unwisdom of leaving in the hands of any one 
nation the supply of drugs essential to our health, 
especially when that surrender places ready to her 
hand the plant needed for the manufacture of ex- 
plosives and the chemists and 'the workmen skilled 
in its use. 


The position amongst us to-day may be simply 
stated. During the war we assembled from our 
polytechnics, colleges, and universities, men who, 
after much striving and many failures, did 
arduously acquire not only a knowledge of the 
explosives which destroy life, but of certain drugs, 
such as phenacetin, salicylates, and salversan that 
save it. But the plant which was then rigged up 
was emergency plant ; the methods were emer- 
gency methods — in the circumstances, naturally 
expensive. Are we for these reasons to permit our 
little army of chemist experts to be scattered ? 
Are we to hand back to Germany an industry so 
lucrative in time of peace and potentially so for- 
midable for war? 

The Making of Medicines . — Or should we give 
ourselves a chance? It must not be imagined that 
our men have failed to make good. They have 
made good; or rather they are just on the point 
of doing so. The manufacture of research chemi- 
cals, of photographic chemicals, of synthetic per- 
fumes and essences is each on the verge of com- 
mercial success. The manufacture of drugs has 
made immense strides; many; begun some time 
ago, have been brought to perfection; others had 
been added or were being added when the decision 
of Mr. Justice Sankey was dropped like a bomb 
into the thick of these experimen tings. British 
manufacturers had proved that they could make 
fine chemicals as good as the fine chemicals of 
Germany, and they were slowly but quite surely 
bringing down the cost of making them, when 
suddenly the Order in Council prohibiting the im- 
portation of drugs was swept aside. 

What has been the effect? Germany, it must be 
rememWed, had long ago arrived at the point 
to which this new industry of ours was gradually 
struggling. She not only had her troops of in- 
dustrial chemists; her plant was established and 
still intact ; she had already made all the short 
cuts to cheap production. And in addition to 
these circumstances, the fact that the mark is now 
worth a penny instead of a shilling permits her to 
sell profitably on the British market at a price 
below our cost of actual manufacture. 

Wanted: A Breathing Sface . — Inevitably that 
means an end to the fine chemical industry 
amongst us; unless British firms be given a breath, 
ing space to prepare for competition on fair terms. 
Many such firms are at this moment clinging to 
the hope that the Key Industries Bill which has 
been promised as the first Government measure of 
the next session will even yet permit our countr>^ 
to become, eventually the source of the world’s 
fine chemical supply. Just as the making of fine 
chemicals is the complement to the making of 
dyestuffs, so is this Bill a pendant of the Dyestuffs 
Act, already approved by an overwhelming 
majority in the House of Commons. 

There does not appear to be any weighty reason 
why we should send to other countries our coal 
tar, and other bye-products from the manufacture 
of dy^es, to be made into chemicals by foreign 
labour in foreign plant erected by foreign capital. 

I The only class amongst us who would benefit 
would be the handful of brokers who would get 
their co*mmission out of selling over again such 
of the bye-products a$ came back to us in their 
manufactured state. 
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The Gain to the Nation , — On the other hand, 
the national advantages of a flourishing in- 
dustr>' such as this will be apparent. Clearly, of 
course, it would reduce unemployment, add to the 
taxable income of the countiy and the rateable 
value of many cities. Kor need one labour the 
truism that every' fine chemical works may at once 
in time of war, if unhappily that should ever 
come, be turned into a munitions factory with 
skilled chemist's and workers complete, Thev are 
as necessary’ to the production of explosives as are 
steel workers to the production of battleships,, and, 
while both groups of workers may happily nevei 
again in our time need to step forward in a 
national emergency, it is surely essential that they 
should be there at call, peacefully engaged mean- 
while in endeavouring to pay off the National 
Debt Indeed, excluding coal mining, the fine 
chemical industry' yields the highest net value of 
output per head, and it employs the greatest pro- 
portion of salaried workers. It offers almost un- 
rivalled scope to those upon whose education now- 
adays we spend so much. It rounds off that edu 
cation without any subsidy, training, without cost, 
research chemists who in turn must add to the 
national -wealth as they open up new paths of 
enterprise. In short, one may no more set a limit 
to the future of this industry than to its effect 
upon sister industries. It it be properly en- 
couraged it will sow prosperity in the mok un- 
exi>ected corners of our w’hole field of commerce. 
The chemist is now a mighty ruler and discoverer, 
and the laboratory harnesses the energies of the 
earth either to save or to destroy, as the mind of 
men shall determine. 


CHLOROFORM SOLUTIONS OF 
HYDROGExN CHLORIDE. 

By E. J. WILLIAMS. 


In an attempt to prepare a standard solution of 
hydrogen chloride in chloroform it was found 
that, on titration with standard alkali, concordant 
results could not be obtained for successive titra- 
tions even when the solutions obtained were 
largely diluted by the further addition of chloro- 
tonn. 

I, solutons were prepared fay passing dr%- 
hydrogen chlon^ through dry chloroform puri- 
fied from methylated chloroform. The minimum 
roncei^ation of hydrogen chloride present was 
running a measured portion of the 
s^ution from a burette into excess of standard 

“ glass-stoppered 
Aoroughly, and then running m 

of at^H “ determine the excess 

ot aljcali The chloroform solution could not be 
ra^sured 1^ a pipette, since the pressure 6f the 

S 

^‘^“rded to the solutions and the 
ISte m subjoined 

do- cX ® laboratory tempera- 


Grams 
Hydrogen 
chlonde 
per litre 


Method of preparation. found. 

<i} Original chloroform (a) o'oo 

(2) Dn' hy'diogen chlonde passed through 

(i) for half-an-houi (b) . ... 9*50 

(3) Solution (2) shaken very slightly and 

again titrated 7-30 

(4) Dry air slowly aspirated through solu- 

tion (2) for two hours (a) o’oo 

(5) 25 cc. of solution (2) diluted to 50 cc. 

with chloroform (c) o*68 

(6) Solutioii (5) refluxed for three hours 

on water-bath (a) o*oo 

(7) Dry air slowly aspirated through solu- 

tion (5) for two hours (a) o*oo 

(8) Dry hydrogen chloride passed through 

(i) for two hours (d) g-So 

(q) 50 cc. of solution (8) diluted to 250 cc. 

with chloroform (e) r6o 

(10) Solution (8) kept in desiccator over 

solid caustic soda for 24 hours ^a) .. o'oo 

(a) Gave no turbidity wnth silver nitrate. 

(b) Liquid fumed strongly in air. 


(c) Solution still fumed in air. 

(d) Solution fumed strongly in air and repeatedh 
blew stopper out of bottle while standing. 

(e) Fumed strongly. 

S 10717)1 ary. 

1. Hydrogen chloride can be absorbed by 
chloroform up to a concentration of about 10 grms 
per litre. 

2. Equilibrium between solvent and solute is 
unstable, and unless the solution is kept in a 
closed vessel the gas passes completely out of 
solution. 

Royal Grammar School Newcastle-on-Tyne. 


THE RELATIVE VOLUMES OF THE 
CHEMICAL ELEMENTS. 

By HAWKSWORTH COLLINS. • 


Since it has been proved that it is impossible to 
compare the relative volumes of substances at 
their boiling points, but that it is possible to do 
30 at some fixed temperature, is'* C. has been 
selected in this investigation, because the great 
majority of specific gravities of substances have 
been found experimentally at about this tempera- 
ture. 

Whenever the experimental specific gravities of 
substances have not been given at this tempera- 
ture, their values have been reduced in a uniform 
manner in accordance with the experimental data* 
with regard to similar substances. 

Since experimentalists very seldom agree to 
more than thiee figures in their determination of 
the specific gravity of a substance, and since it 
Will be seen that the theoretical results nearly 
always agree with the experimental to three 
figures, It IS evident that the theory is as exact as 
possible. 

I'hc imi^Ttance of the matter consists in the 
fact that n throws an entirely new and strong 
light of mathematical exactitude upon every sub- 
stance m existence, and ultimately leads to the 
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demonstration of numerous discoveries concern- 
ing Optical Refractivity, Magnetic Rotation, Heat 
of Combustion, Heat of Formation, &c. 

It is necessary' to draw special attention to the 
following statement, which has sometimes been 
ignored by scientists . — There is no assumfiion of 
any kind whatever in any fortion of the following 
theory. 

The atomic weights of Cl, Br, I, N, H, C, O, 
S, are taken as 35*5, 79, 127, 14, i, 12, 16, and 32 
respectively. 

When it has been definitely proved experimen- 
tally that the atomic weights of Cl are 35 and 36, 
and of Br 79 and Sr, the relative volumes of these 
two elements will have to be recalculated from 
new experimental data. Meanwhile it is evident 
that the two volumes of Cl must be very nearly 
equal, otherwise it would have been impossible 
to obtain the following results. Similar remarks 
apply to Br. 

When the molecular w'eight of a substance is 
divided by the specific gravity, the result is its 
molecular volume. 

The deductions are frequently given before the 
facts which lead up to them, for the sake of con- 
venience. 

First deduction. — The relative volume of methy- 
lene (CHa) at 15° C. IS 16*42. The truth of this 


Name and Chem. Formula. 

Methvlene chloride 
Cl— CHa— Cl 
Eth>]ene Cl 
Cl— (CHa)a— Cl 
Tnmethylene Cl 
. Cl— (CHala— Cl 
Hexylene Cl 
Cl— (CHa)s— Cl 
5 Methylene bromide 
Br— CHa— Br 
Ethylene Br 
Br— (CHa)a— Br 
Triraethvlene Br 
Br— (CHah—Br 
Hexylene Br 
Br— (CHa),— Br 
Heptylene Br 
Br- (CHa),— Br 
10 Ethylene chlorobromide 
Ci— (CHa)a-~Br 
Methylene iodide 
I_(CHa)— I ^ ... 
Tnmethylene iodide 
I-(CHah-I 
Chloiiodomethane 
Cl— (CHa)- 1 
Ethylene chloriodide 
Cl— {CHah— I ... 


compounds which differ bv CHa, or a multiple of 
CHa. 

Second deduction. — The experimental facts con- 
cerning the following 149 molecules demonstrate 
that the relative volumes at 15® C. of the follow- 


Cl 

... 33-01 

CO2CH3 

.. 49'7i 

Br 

... 27 

CO3C2H, 

... 66*13 

I 

32*75 

CO2C3H, 

... 82*55-^ 

NH^ ... 

... 16*42 

COaC.H, 

.. 98*97 

CN 

... 23*96 

C02C5H11 

115*39 

N3 

... 32*63 

CeH, ... 

... 77*48 

NO2 ... 

... 26*74 

C.H, ... 

••• 74’4S 

NO, ... 

34'2> 

OH 

... 13*29 

SH 

... 25*48 

OH 

... It>*21 

C^H, 

... 41*87 

CCl, ... 

... 69*74 

C,Ha 

... 28*89 

CO.OH 

... 23*8 

C,H . . 

... 31*25 




The relative volumes obtained for the groups 
CaH, C2H2 and CHa may appear to be absurd, but 
proofs will be given later that they are correct. 

There are two values obtained for each of the 
groups C^Hs and OH It would have been much 
easier to have ignored the two values and to have 
taken the mean value in each case, but, since we 
wish to obtain the exact truth and not merely the 
approximate truth, these apparently contradictory 
values are purposely introduced at the commence- 


) of the following 

1 inent of the theory. 


Vols of Parts. 


Theor. S.G. 


Observed S.G. 

23*01 — (16*42) — 

23 01 

1*361 

1-378 

0” T. 1*361 15^ 

23*01 — (16*42)3 — 

23*01 

1*255 

1-252 

20° B. 1*256 12* Re 

23 01 — (16*42)3 — 

23*01 

1* 186 

1*189 

18“ Fr. 

23*01 — {16*42),— 

23*01 

1*072 

1*087 

20° C. 1*053 11*^ H. 

27*00 — (16*42) — 

27*00 

2*442 

2*084 

n° St. 2*5 IS** P. 

27*00 — (16*42)2 — 

27*00 

2*142 

2*128 

13® D. 2*164 21 Re. 

27-00 — (16^42)3 — 

27*00 

1*937 

1*923 

Fr. 1.982 15° P. 

27-00 — (16*42), — 

27*00 

1-587 

i" 58 i 

19° He. 1*6 13° Be. 

27-00 — (16*42); — 

27*00 

1-515 

1*515 

i8^ T. 

23-01 — (16*42)3- 

27*00 

1*720 

1*705 

ii°Mo. 1*7 18° H. 

32-75 — (16*42) — 

32*75 

3*271 

3 28s 

is'* P. 3*23 16° B. 

32*75 — (16*42)*— 

32-73 

2*579 

2-576 

15^ P. 

23-01 — (16*42) — 

32*75 

2*445 

2-444 

14 *^ Sk. 

23*01 — (16*42)3— 

32*75 

2*15 

2-IS» 

Si. 


Abbreviations. — A, Anschutz; B, Bnihl ; Ba, Bauer; Be, Beresty; Bo, Bougfaton; Br, Bratms; Bt, Bibelot; By, 3^u;^aiits ; 

C, Cahours, Ca, Cannizzaro; Car, Carrara; Cl, Clermont; C.K., Chemiker Kalendar ; Co,C^rad; Ch, Chavan^ ; Cr Carfet^ 

D, D^Arcet; De, Delffs, Dh, De Keen ; Pv, Deville , E, Engler, Er, Erlenmcyet; Ei, Eis^loh, F, Fittig ; Fa, F^bere; 
Friedel; Fh,Fnihhng, Fo, Forster; Fr, Freund; G Gladstone; Ga,Gar±enmeister; Ge.Gehnng; G.'T, Garzarolh^Tto^^ 


Gu, Gustavson ; H, Henry; Hg, Hodgkins; He, Hecht; HI, Hell; 
Kahlbaum ; Ke, Kekule ; Ko, Kopp ; 16:, Kr^t ; L, Einuemann ; Le, 


Ho, Hofmann ; I, Intfimational Constants ; Is, ^ 

<v(UJiiu<tuiu i jcvc, Aciwuic , t\\jf I Leschcr; La, Laurent ; Lieben , Li, 

Mendelejen ; Mo, Montgolfier ; J, Jungfleisch ; Ma, MalaguM; Mr, Markownikofi; P, Perian, P^selle; IH^^K^ard; PI, 
Plimpton ; Pt, Patenio : R, Rombur^ ; Ra, Radziszcwski ; R\ Reboul ; Re, ; R«, Rngbeiii^, S, 3«im>di^ Sa, 

Saytzefif, Sb Sabanejeff; Sc, Scborfemmmr ; Sch.Schall; S^^hiff; Si, Simpson, Sakurm , Sat, Sto ^aaam; 

SofSokoloff; Sr,Schrcmer. St, Steiner; Sw, sSiwers; T, Thorpe; Tr,Truchot; V, Vogt; Va, Van Nostrs^; 

We, Werner, Wi, Wiens; Wg, Weger; Wr, WroMevsky ; Z, Zaarder. , ' ^ ^ ^ 
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Relative Volumes of the Chemical Elements 


Name and Chem. Formula, Vols of Parts, Theor. S.G. Observed S.G. 

15 Ethylene bromiodide 

Br — (CHJs — I 27*cx) — (16-42)2 — 32-75 2-527 2-514 3o°Fd. 2*7 1° Rb. 

Pentamethylene diamine 

NHj — (CHa)j — NH3 16*42 — (16-42)5 — 16-42 0*887 0*885 i5°/4Va, 

Cfaloracetonitril 

Cl—CH, — CN 23-01 — (16-42) — 23-Q6 riQi 1*19320° E. 

Triazoethy lamine 

Na — (CHjla — NHs ... 32-63 — (16-42)2 — 16*42 1*050 1*049 16° Fo. 1*050 15° 

7-T nazopropylamine 

Nj — (CHaDa — NH3 ... 32-63 — (16-42)3 — 16*42 1-017 1*004 2S°/4 I. .*. I-OI4 

20 Ethylene chloronitrin 

Cl — (CHa),— NO3 ... 23-01 — (16*42)3— .34*27 1*393 1*378 21° H. 1*385 15° 

Ethylene dinitrate 

NDs — (CHgla — NO3 23*01 — (16*42)2 — 34*27 1-500 1*51 4° Va. .*. 1-50 15° 

Ethylene mecaptan 

SH — (CH,), — SH .. 25*48 — {16*42)2 — 25*48 1-122 1*123 23° We. 

Diallyl 

C2H3 — (CH3)3 — C3H3 4i‘S7 — (16*42)3 — 41*87 0-703 0*7070° Z. 0*698 12° Sh. 

In the following, M stands for methylene (CH3) both in the formula and in the relative volumes 
Its volume is always 16*42. 


Allyl chloride 
C3H,— M— Cl ... . 

25 Chioramylene 

Cl . 

Chlorhexylene 

C3H3— M,— Cl 

Allyl bromide 
C3H3— M~Br ... . 

Bromhexylene 

Br ... . 

Allyl iodide 
C3H.— M —I ... 

30 DiaJlyl hvdriodate 

C,H,— M,— I ... . 

Aliyiamine 
C3H3— M — NH, 
Dibenzyl 
C.H5--M3— C5H5 
Diphenyl methane 
C.Ha— M — C.Ha 
Diphenyl propane 
C3H5— M,— C.Ha 
35 Benzyl chloride 

C.Ha— M— Cl ... 

Benz>d chloride 
CaHa— M— Cl ... . 

Chlorethylbenzene 
CA^Ma-^Cl ... , 

Benz>*l bromide 

Br ... . 

Benzyl iodide 
C.H,— M— I ... . 

40 Benzylamine 

C3H5— M — NH3 

Benzylamine 
C.H5— M— NH^ 
A^'Pfaenylethylamine 
C,H^M,— NH, 
3-Phenylethylainine 

C3H5 — Mj — NHa 

B- Phenylethy la mine 

45 Benzyl c>*anide 
C3H3— M — CN 
Pfaenyipropionitril 
— Mj — CN 
Ethylene diacetate 
CH,CO,^M,^CO,CH, 


41-87 — M — 23-01 0-941 

41*87 — Ms — 23-01 0-916 

41*87 — M4 — 23*01 0*907 

41*87 — M — 27*00 1*407 

41*87 — M* — 27-00 1-204 

41-87 — M — 32-75 1-845 

4rS7 — M4— 32*75 1*497 

41*87 — M — 16*42 0*763 

74*45 — Mj — 74*45 rooi 

/77 48\ 

\74 45/ — M — 74*45 1*007 

~ M,— . 74*45 0*982 

74*45 — M — 23*01 I* 1 1 1 

■ (74-45) — M — 23*01 1*096 

. 77*48 — Mj — 23-01 1*054 

• , 74 ’ 4 S — M — 27-00 1-442 

* (^45)— M —32*75 1-742 

74*45 — M — 16-42 0-997 

* (74*45) — M — 16-42 0*984 

.. 77*48 — Ma— 16*42 0*955 

• (m5^ — Ma — 16*42 0*966 

. 74*45 — Ma — 16*42 0*979 

* 74*45 — M — 23*96 i*oi8 

• 74*45 — Ma — 23*96 1*00 

49*71 — Ma — 49*71 


0-938 

20"^ 

* B. 0 

■944 15® 

P. 

0-999 

0° 

Ba. 0 

•872 5® : 

By. 

0*904 


’ H. 



1*421 

15^ 

^ P. I- 

398 20° 

B 

1-203 

15“ 

• He 



1-846 

IS® 

R. I- 

848 12° 

L. 

*i '497 

0° 

w. 



0-769 

17" 

•5 G. 



roo2 

14® 

Li. 

. rooi 

IS* 

1-006 

25® 

/25 K. 



0*996 

0° 

SI. 

0-983 I 

5 ° 

1*113 

Ca 

. 1*103 

18° 1 . 


1-099 

7 ° 

G. 



I *068 

0° 

Is. 

1*055 1! 

5 ° 

i '438 

22° 

Ke. . 

1*445 

IS- 

1-734 

25 ® 

Lb. . 

*. 1*745 

IS' 

0-990 

14® 

Li. 



0-986 

15® 

/15 Va. 



0-952 

20° 

/4 L , 

0*955 

15 ' 

0-959 

25® 

/25 K. 

0*965 11 

0-972 

25® 

1 . .-. 

0-979 15 

0 

1-015 

18° 

Ho. . 

-. I'oiS 

15° 

I-OOI 4 

18 

° Ho. 




1*104 1*109 14** Sw. 
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Name aad Chem. Formula. 

Propylene diacetate 

Vols of Parts. 

Theor. S.G. 

Observed S G. 


CH^COa— M,— CO3CH, 

49-71 —M,— 4971 ^ 

1*076 

1070 19° Rb. .*. 1*074 15® 


Methyl suberate 


■T. 


50 

CH.COs— Me— CO3CH, 
Methyl chloracetate 

49-71 — M.— 49-71 

1*020 

1*014 18® La. 1-017 15® 


Cl— M— COaCHe 

Ethylene acetc^chloride 

23-01 — M — 49*71 

1*22 

1-22 15° H. 


Cl— M3— CO3CH3 

Hexylene aceto-chloride 

23-01 — Ma — 49*71 

i*i6i 

1-178 0® Si. .*. 1-163 15*’ 


Cl— Me— COsCHe 

Octylene aceto-chloride 

23-01 — Me — 49*71 

1-042 

1*04 6® H. 


Cl~Ma— CO3CH3 

Methyl brombutvrate 

23*01 — Ms — 49*71 

i*or 18 

i*oii iS° CL 

55 

Br— Me— Cq^CH^ 

Acetoxyacetonitril 

27-00 — Ma — 49*71 

1*43 

1*450 5° H. 1*438 15® 


CN— M — CO3CH3 .. . . 

Benzvl acetate 

23-96 — ^M — 49-71 

1-099 

I 100 14° H. .*. 1*099 15® 


CeHe— M — CO^CHe 

Benzyl acetate 

77*48 — M — 49-71 

1*044 

1*040 21° G. *. 1*045 15° 


C.He— M — CO3CH3 

Allyl acetate 

74*45 — M — 49-71 

1-067 

1*062 15® Va. 


C3H,— M — COaCHe 

Ethyl malonate 

41*87 — M — 49*71 

0*9259 

0^9258 24®*5 G. 

60 

C3H5CO3— M — CO^C^He 
Ethylene dipropionate 

66*13 — M — 66*13 

I ‘‘076 

1*068 18® Co. .*. 1071 15® 


CaHeCO^ -Ma— COaCaHe 
Ethyl succinate 

66*13 — Ma — 66*13 

ro 54 

1-054 is'’ P. 


CaHaCOa -Ma— COaCaHa 
Ethyl suberate 

66*13 — Ma — 66- 13 

I ‘*054 

1*072 0® Ko. 1*047 26° Ko. 


CaHaCOa— Me— COaCaHa 

Ethyl sebate 

66- 13 — M. — 66- 13 

0*997 

0*991 15® HI. 1*003 1 8° La. 


CaHaCOa— Ma— COaCaHa 
Ethyl chloracetate 

66* 13 — Ma — 66- 13 

0*979 

0*968 15° P. 0*99 25° K. 

^5 

C1~M — COaCaHa 

Et. *5 chlorpropionate 

23*01 — M — 06* 13 

1-160 

1-172 8® H. 1-158 20® B. 


Cl— Ma— COaCaHa 

Et. chlorbutyrate 

23*01 — Ma — 66*13 

I- 119 

I ri6 8® H. 


Ci—Ma— COaCaHa 

Et. bromacetate 

23-01 — Ms — 66- 13 

1*087 

1-052 20° B. 1*122 10° H, 


Br— M —COaCaHa 

Et. brombutyrate 

27-00 — M — 06* 13 

1*515 

1-525 18° G. 1*507 25® K 


Br—Ma— COaCaHa .. . . 

Et. cvanacetate 

27-00 — Ms — 66-13 

1-362 

1-363 5" H. 

70 

CN—M— COaCaHa 

Et. allyl acetate 

23-96 — ^M — 66*13 

1*061 

1-059 25° K. 1-067 13® H. 

CaH,— Ma— COaCaH, 

Et allyloctvlate 

, 41*87^ — Ma — 66-13 

0*91 

0*922 0° W. 0-911 15° 


CaHe—M;— COaCaHa 

Et okate 

. 41*87 — Ms — 66*13 

0-886 

0*883 15° P. 


CaHa—M, a— COaCaHa 

Methyl ethyl succinate 

41*87 __ Mjs— 66-13 

0-875 

0*875 15° P. 


CH.,—COa—Ma— COaCaH, 
Et. phenylacetate 

49*71 — Ma — 66-13 

• — 66-13 

■ («•«)- M- 66-13 

I -08 

1-092 0® Wg. roS 15® 

75 

CeHa—M —COaCaHa 

Benzyl propionate 

1-035 

1-029 25®/25 K. .*. 1*035 15' 

C.Ha— M —COaCaHa 

Et hydrocinnamate 

1*035 

1*036 i6®*5 Co. 


C.Ha— Ma— COaCaHa 

Et. phenpropionate 

i-oi8 

1*012 25®/25 K. i*oi8 IS 


C.Ha— Ma— COaCaHa 

Ethylene dibutyrate 

■ 66-13 

1*018 

1-034 0® E. 1*015 20® B. 


CaHa— COa— Ma— CpaCaH, 

Ethylene butyro-chloride 

82-55 — M,— 82-55 

1-021 

1*024 0® W. 

80 

Cl— Ma— COaCaHa , . .. 

Pr. phenylacetate 

. 23-01 — Mj — 82-55 

. — 82-55 

(74-45) — — 82-55 

1-087 

1*085 0® Si. 


C.Ha— M —COaCaH, 

Benzyl butyrate 

1*017 

roi4 j8® Hd. I’Oiy is'’ 


C.Ha— M —COaCaH, ‘ .. 

r-017 

i-oi6 i6® Co. 1*017 15® 
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Relative Volumes of the Chemical Elements [February ii, 192 ^ 


Name and Cbem. Formula. 

Pr. phenpropionate 

CO,C,H, 

Butyl chioracetate 
Ci—M —CO^CA 
Chiorethyl alcohol 
C1-~M,— OH ... . 

85 Trimethvlene chlorhydrin 



Octvlene chlorhydrin 

OH ... .. 

Ethvlene cvanhydrin 
CN— OH 
Batvlene-l-ol-4 

OH 

Benzvl alcohol 

-^OH 

go Phenviethvl alcohol 
C.H,— M,— OH 
Benzvl carbinol 
C.H*— M,--OH 
• Benzvl carbinol 
C.H*— M3— OH 
Phenvlpropvl alcohol 
C.H,— M;— OH 
Phenvlbutanol 

OH 

gS Propyl glycollate 

C^H.CO^— M— OH 
Hexylene chlorhydrin 

HO— M,— Cl 

Trimethylene brcnnh^drin 

HO— M.— Br 

Hexylene bromhydrin 

HO— M,— Br 

Ethylene monoacetate 
HO— M3— CO3CH, 

100 Et. glvcollate 

HO— M — CO3C3H3 
Glycol 

HO— M3— OH 

Trimethylene glycol 

HO— M,— OH 

Dipropargyi 
C,H-^M3— C3H 
Propargyi chloride 

QH— M —Cl 

!05 Propargyl bromide 

CjH— M — Br 

Propargyl acetate 
C3H~^M — CO3CH. ... 

Froi^argyl alcohol 

C3H— M —OH 

Fhenylnitromethane 

c*H3-~m —no* 

Sebacic acid 
CO.H— Ma— CO3H .. 

110 Brassidic acid 

C,H 3 — M,a— CO3H 
Hexachl orpropane 
CCla-M — CCla 
Tetrachl orethane 

€Ci»— M —Cl 

Brommethykbloroform 

CCla— M — Br 

Trichlorethyl acetate 
CCI3— M — CO,CH, 
iiS Trichlorethyl alcohol 
CCia— M— OH 


Vols of Parts. Theor. S.G. 

Observed J 

3.G. 

/77*48\ 
\74’45/ — 

M*— 

82-55 

1*003 

1*015 0® \Vg .* 

. 1*002 IS® 

23-01 — 

M — 

98-97 

1-087 

ro8i 15° Ge. 


23-01 — 

M*— 

10-21 

1-219 

1*201 19® Va. 


23-01 — 

M*- 

10*21 

1-146 

1*132 17® Tr. 


23-01 — 

Me- 

10-21 

0-999 

0*987 31° Cl. 

0-999 15® 

23-96 — 

M*— 

10-2 1 

1-059 

ro59 0® E- 


41-87 — 

M*— 

10*21 

0-848 

0*848 i7®/o Pa. 


/77 4«\ 

\74 45/ — 

M — 

10-21 

1*053 

1*051 15® Ko. 

1-059 Ca. 

74'45 — 

Ms— 

10-21 

1*038 

ro34 21° C.K. 

.*. 1-038 15® 

74’45 — 

M3- 

10*21 

1*038 

ro34 21® Ra. 

1-038 15® 


M — 

10*21 

1-025 

1*024 15® Va. 


74’45 — 

M — 

10*21 

1*015 

i-ooS 20° B. .*, 

. 1*013 15® 

77*4& — 

M,- 

10-31 

0*978 

0-976 17^4 I- 

.*. 0-978 IS® 

82-55 -- 

M — 

10-21 

ro8i 

1-084 Sr. 


13*29 — 

.M3- 

23*01 

1*012 

roiS 11® H. . 

1*012 15® 

13-29 — 

M*- 

27-00 

1*541 

I 537 20® Fh. 

1*543 15® 

I3'20 — 

-M.- 

27-00 

1*297 

1-296 11® H. 


13-29 — 

-M*- 

■49*71 

- 1-085 

1*0+ Va. 


13-29 — 

-M — 

■ 66* 13 

1*085 

1-083 23° Va. 

rio7 Sr. 

13-^9 — 

-M*- 

■ 10-21 

I-IOI 

ri2S 0® Va. 

nil IS® 

i3*29 — 

.M.- 

- 10*21 

1-045 

1*062 0® Z. .*. 

1-048 15° 

31*25 — 

-M*- 

-31*25 

o-8i8 

0*81 18® H. o’i 

83 Bt. 

31*25 ~ 

-M- 

- 23-01 

1-054 

1-045 5° H. 


31-25- 

-M- 

- 27-00 

1-58 

1-59 11° H. 

. i*S8 15® 

31-25 ~ 


-49*71 

1-007 

1*005 20® B. I 

•003 12° H. 

31*25- 

-M- 

- 10-21 

0-967 

0-963 21® H. . 

*. 0-967 IS® 

74*45 - 

-M- 

- 26-74 

1-165 

i-i6o 2o®/4 I. 

1-165 15® 

23*80- 

-M,- 

- 23-80 

ri3 ■ 

1*132 Cr. 


41*87- 


-23-80 

0-895 

0-858 57®/4 Va 

. .*. 0*89 IS® 

69*74- 

-M- 

-69-74 

i-6i 

1-626 C. 


69*74- 

-M- 

- 23-01 

1*539 

1*530 17® Re 

1*576 19® Re 

6974- 

-M- 

- 27*00 

1*869 

1*884 0® H. ,* 

. 1*863 15® 

6974- 

-M- 

-49*71 

1*409 

1*391 23® G.T. 

1-40 15® 

69*74- 

-M- 

- 10*21 

1*^51 , 

1*55 2o®-3 G.T 



{Tobe 

continued.) 
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The Value of Scientific Research 


THE VALUE OF SCIENTIFIC RESEARCH * 


The Wheat Pests Problem. 

It is now well recognised that scientific research 
is of great money value, but it is not often that 
successful practical results follow so quickh upon 
research as in the recent campaign against the 
insect pests in the vast quantities of wheat which, 
owing to the war, accumulated in Australia. In 
this campaign, South Australia played a very im- 
portant part. In the early stages of the weevil 
plague, at the instance of Mi. G. G. Nichols, 
Manager of the South Australian Wheat Scheme, 
a Wheat Weevil Committee was appointed, con- 
sisting of Dr. W. A. Hargreaves, Diiector of the 
South Australian Department of Chemistry (Chair- 
man), Mr. G. G. Nicholls, Mr. W. J. Spafford 
(Superintendent of Experimental Work, Depart- 
inent of Agriculture), Mr. A. M. Lea (Emtomolo- 
gist to the S.A. Museum), Mr. E, A. Badcock 
(Manager, S.A. Farmers’ Co-operative Union, 
Ltd.), and Mr. J. T. Jackett (Miller). Subse- 
quently Mr. D. C. Winterbottom (Supervisor of 
Weevil Department in S. A. Wheat Scheme) was 
added to the Committee. The work of scientific 
research on the subject was taken up by the 
Department of Chemistry, and from experiments 
conducted in the laboratory of that Department 
three practical systems of treatment were devised. 
These, when put into use by the Wheat Boards in 
the States of South Australia, Victoria, and West- 
ern Australia, resulted in saying wheat worth at 
least j^IjSoOjOOO, besides giving very valuable 
knowledge on the whole problem of stored wheat 
which will be of service in the future. This esti- | 
mate of monetary value is an approximation. It ] 
is, however, based on the observation that the { 
actual weevil damage was at least reduced to one- | 
half of what it would otherwise have been. 
Senator Russell, Chairman of the Australian 
Wheat Board announced on January 10 of this 
year that the actual weevil damage done to the 
wheat purchased by the British Government 
during the time it was held after purchase and 
before shipment had been assessed at 2,200,000 
bushels, and that the British Government had 1 
agreed to pay the Australian Wheat Board the j 
sum of ;£S52,ooo to cover this loss. This was 
based on the contract rate of 45. gd. per bushel. 
The amount paid for losses can be taken as a low 
estimate of the value of the wheat saved for the 
British Government. During the three years 
1915-16, 1916-17, 1917-18, the Commonwealth pro- 
duction of wheat was 404,000,000 bushels, of which 
South Australia contributed 98,000,000, and Vic- 
toria 136,000,000 bushels. The British Govern- 
ment contract was for 112,000,000 bushels, of 
which South Australia supplied 36,000,000, and 
Victoria 40,000,000 bushels, so that in round 
figures the British Government took about one- 
quarter of the Commonwealth output, and this | 
entailed about one-third of the output of South ; 
Australia and Victoria. The savings to each of i 
the States of South Australia and Victoria can be 
taken then to be at least an equal amount to that 
saved for the British Government. Hence we 
arrive at the conservative estimate of ;£i,soo,ooo 
worth of wheat saved from destruction as the re- 
sult ofscientificresearch^^^Thefollomngfigures 

* From ** Report No. z of the State Advisory Coimcil of Scleoce 
and Industry of South Australia.” 


may help to demonstrate the extent of the under- 
taking as it affected South Australia, where the 
wheat had to be safeguarded from mice, weevils, 
etc The crop caiiied ovei from 1917-18 and in 
stacks was 42,000,000 bushels. The 1918 crop 
was 26,000,000 bushels, making a total of 
08, 000,000 bushels on hand. Duiing the twelve 
months following only about 11,000,000 bushels 
were disposed of, leaving nearly 57,000,000 
bushels to be carried over to 1918-19. The 1919 
crop was over 20,000,000 bushels, and left no less 
than 77,000,000 bushels to be guarded. Some idea 
of the magnitude of the 'v\ork can also be gained 
from the following remarks made by Mr. R. A. 
Love, who was the Australian Commissioner for 
the Royal Commission of Food Supplies in 
London ; “The cleaning, sterilising, and handling 
that had to be undertaken in Australia in connec- 
tion with the wheat was without doubt the largest 
campaign of its sort that the world has ever had 
to undertake When one considers the enormous 
amount of lalx>ur and the handling involved to 
enable the vast quantities to be cleaned, sterilised, 
and- made fit for shipment, it was truly colossal 
In looking back over the work, I think we can be 
’ proud of the results of our labours. It is nice to 
feel, considering the enormous amount of thought 
and worry put into the task, that it vias success- 
ful in results, efficiency, and cost. The gassing 
campaign without doubt saved an enormous 
amount of money, and enabled vast quantities of 
wheat to be held over until they could be treated.” 
The methods recommended by the Wheat Weevil 
Committee as the result of the scientific research 
carried out by the Department of Chemistry- were 
the following. 

1. Cleanliness . — The weevil was recognised as 
a pest which was fostered by careless and dirty 
conditions. Cleanliness in the collection, trans- 
port, and storage of the \Nheat was therefore ad- 
vocated. In storage, the chief pioblem was to 
prevent contamination of the stacks from with- 
out. Hence the following precautions were en- 
joined : absolutely clean stacking sites, imper- 
vious insect-proof floors, thorough cleaning up of 
old stacking sites, and gutters filled with water, 
oil, or molasses, placed around the base of the 
stacks to prevent access of crawling weevils. 
Stacks were either enclosed in hessian and then 
limewashed, or wherever practicable, entirely en- 
closed in mathoid sheds. The malthoid sheds, 
first tried at the suggestion of Mr. A. M. Lea, a 
member of the Wheat Weevil Committee, ' proved 
the most successful. 

2. Gas Treatment . — The use of poison gas for 
the extermination of vermin is by no means a new 
idea, and as far back as 1890, gas plants were 
used in South Australia for the purpose of suffo- 
cating rabbits in their burrows by means of air de- 
prived of its free oxygen by being passed through 
a fire. During the mouse plague of 1916-17, Dr, 
Hargreaves had suggested the use of a gas pro 
ducer plant for providing large quantities of cheap 
gas for the extermination of mice, and in the 
middle of 1917, Mr. Saunders, of Clutterbuck 
Bros., of Adelaide, experimented with pr^ticer 
gas as a means of destroying weevils, bat tirese 
initial experiments were unsatisfactory 

the treatment was not oonfinued, nearly 
enough. Carbon dioxide' compressed in cylakwi^ 
had ^en advocated m 1898 by 
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in iQii, 1912, and 19131 Barnes and Grove, 
but their methods were prohibitive on account of 
cost. It was not until the lime factor was shown 
to be an important one, by experiments with 
weevils in closed bottles, carried out in January, 
1918, by Mr. Spafford, a member of the Com- 
mittee, that gas treatment was found effective. 
Mr. D. C. W interbottom, chemist in the Depart- 
ment of Chemistr>% was transferred to the South 
Australian Wheat Scheme as officer supervising 
weevil destruction, and he installed the first gas 
plant in Australia. It was a decided success. 
Subsequently other plants were installed by him 
in South Australia and Victoria, and similar 
plants were used in Western Australia. The 
oi>eration of these gas plants in South Australia 
was placed in the hands of Messrs. S. D. Shield 
and E. A. Fengelly, research chemists of the De- 
partment of Chemistiy^ and in Victona the plants 
were in charge of Mr. P, J. Thompson, of the 
Melbourne University. The method employed 
was as follows. The stacked grain was entirely 
enclosed in sheds covered with malthoid or similar 
material made as nearly air-tight as possible. 
Then air freed from free oxygen by being passed 
through a furnace similar to that of a gas pro- 
ducer, but producing carbon dioxide instead of 
carbon monoxide, was blown into the shed for 
three or four weeks to asphyxiate the insects. 
Many large stacks were thus successfully treated. 
In one case the stack contained 200,000 bags of 
wheat- 

3. Heat Treatment. — In the cleaning and ship- 
ment of the weevilly wheat, heat treatment to a 
temperature of 140° or 150® Fahrenheit was found 
to be the most effective method of checking further 
outbreak of weevil. Soon after research was com- 
menced in August, 1917, Mr. Winterbottom found 
that this would probably be a successful method, 
and experiments were made to see the effects of 
heat treatment on the wheat It was proved that 
the flour and bread-making properties were not 
impaired. A machine was invented in the De- 
partment of Chemistry and erected at Port Ade- 
laide, which killed all the idsects passed through 
it without damaging the wheat. This was the 
first successful heat treatment plant in Australia. 
Professor Lefroy was wojkiug on behalf of the 
British Commission in Sydney, and he investi- 
gated a large number of devices for destroying 
weevils, including a number of heat treatment 
machines designed by different inventors. He 
finally adopted the Poole and Steele machine. At 
first this machine was not successful, but Dr. Har- 
greaves w^as able, as a result of experience gained 
by the research experiments, to suggest at a con- 
ference in Sydney in March, 1918, certain modifi- 
catkms which resulted in the successful working 
of the machine, which was then adopted by the 
British Commission. The effects of this success- 
ful end to the investigations will be more far- 
reaching they appear at first sight. Not only 
can the saving of the wheat stored during the war 
which would otherwise have been destroyed by 
insect pests, be directly credited to scientific re- 
spreh, but the results obtained have demonstrated 
practical value of the methods used. These 
methods can be used in future, so that the total 
money ralue of the research is beyond assessment. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary MeeU 7 igj January 27, 1921. 

Prof. C. S. Sherrington, President, in the Chair. 


The following papers were read : — 

^^The Myogram of the Flexor-reflex Evoked by 
a Single Break-shock By K. Sassa and Prof. C. 

S. Sherrington. 

In the spinal preparation a single break-shock 
applied to an afferent nerve or to local skin 
evokes, when the shock is considerably above 
threshold value, a reflex contiactio-n which, is both 
stronger and more prolonged than is the maximal , 
twitch evoked from the motor nerve itself. This 
is so, whether or no the muscle retains its intrin- 
sic proprioceptive I'eflex arc. This excess of the 
reflex contraction over maximal twitch indicates 
that summation of successive contraction-weaves is 
present in the former. Repetitive discharge from 
the reflex centre occurs therefore in response to 
a stimulus consisting of a single induction shock. 
The reflex repetitive response is more ample, 
strong, and prolonged in the spinal condition than 
in the decerebrate. 

M niertr action^ betweeti Albuminous Substances 
and Saline Solutionis By Sir Almroth Wright. 

The paper takes, as its 

observation that thejjrtltmucti^ of 5 per cent*^" 
salt solutions into yrtTtmds is followed by an abun- 
dant outflow of albuminous fluid. There is thus 
provided an agency — an agency largely employed 
in the war in the treatment of foul wounds — by 
which corrupted discharges lodged in recesses of 
a wound can be evacuated and then replaced by 
uncorrupted fluid drawm from the blood. 

It is demonstrated in this paper by means of 
experiments in which serum is directly super- 
imposed upon heavier salt solutions, and corre- 
sponding experiments in which lighter salt solu- 
tions are superimposed upon heavier serum, that 
the fluids thus brought into conjunction inter- 
penetrate with extreme rapidit>^ — the lighter fluid 
being canried down into the heavier subjacent 
fluid, while at the same time the heavier fluid is 
carried up into the superjacent stratum. 

The mechanism of this is described and dis- 
cussed, and it is shown that the phenomena are 
due to an interaction between the salts and the 
albuminous substances. The designation “inter- 
traction” is applied to this form of interaction; 
and It IS suggested that these forces supplement 
diffusion and are an important agency in bring- 
ing about interfusion. 

In supplementary experiments it is shown that 
by the aid of the intertraction here in question 
microbes lodged in serum are rapidly carried down 
into heavier, or caught up into lighter, salt solu- 
tions. 

J^Local and Generalised Action of Radium and 
A -rays ufon Tumour Growth^ By S. Russ 
p.Sc., Helen Chambers, M.D., and Gladwys M* 
Scott. 

The attempt has been made to find the effects 
ot the beta and gamma rays from radium and 
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X-rays upon rat tumours, under varying con- 
ditions. The local effects were obtained by ex- 
posing the tumour only to measured quantities of 
radiation, the animal not sharing, to an appre- 
ciable extent, in the irradiation. 

When large doses are employed, destructive 
action upon the tumour cells is observed ; as the 
dose is reduced, the action tends to become stimu- 
lative in character, so that the tumour cells grow 
more rapidly than they would, had they received 
no radiation. 

The generalised effects of the rays used were 
obtained by submitting the whole animal to the 
radiation, the tumour in the animal being screened 
by the use of suitable screens. It was found that 
large generalised doses could not be borne by the 
animals ; when, however, they were given re- 
peated small doses, an increase in body w^eight 
and an increase in resistance towards tumour 
growth was observed. 

Under the usual conditions of radiation treat- 
ment in malignant disease in man, the body shares 
to some extent in the radiation administered to the 
tumour, and the bearing of the present observa- 
tions in this connection is discussed. 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Commies Rendus Hebdomadaires des Seances de 
VAcademie des Scietzces. 

Vol. clxxL, No. Ip. November 8, iq2o. 
Catalytic Dehydration of Amylic Alcohol of 
Fermentation.— M. J. B. Senderens. — It is gener- 
ally known that amyl alcohol, which boils between 
129® and 132° IS a mixture of isopropylethyl alco- 
hol and methylethylethyl alcohol. These alcohols 
dehydrate in the presence of zinc chloride, which 
is represented by the following accepted equa- 
"tions * — 

(а) ■ CHi,OH = 

Isopropylethyl alcohol 

Isopropylethylene 

(б) • CNaOH^ 

Methylethylethyl alcohol 

Ch“/^ ; CH* + NaO 
methylethylethylene 

In reality the principal product of dehydration of 
amylic alcohol of fermentation by zinc chloride 

is trimethylethylene • CH 3^ Accord- 

ing to Wischnegradsky this dehydratio-n should 
furnish 50 per cent of trimethylethylene, soluble in 
dilute sulphuric acid (2 vol. of strong acid-fr vol. 
of water) the insoluble portion consisting of iso- 
meric amylenes and amylene hydrides (Comftes 
Rendus^ 1878, Ixxxvi., 973; Bull. Soc. 
i., 261 and 452; 1892, ii., 1340}. It is the hydrolysis 
of this sulphuric acid solution of trimethylethyl- 
ene which gives the hydrate of amylene 

^^^\cOH.CHa.CHa and tertiary amyl alcohol. 


Vol. clxxi., No. 20. November 15, 1920. 

Microchemical Reactions of Sodic Acid, — M. 
A Bolland— The following reactions have been 
obtained using an aqueous solution of solid iodic 
acid, (i) With thallium nitrate. In the first in- 
stance, needles are formed w'hich unite into 
crosses, simple, double, and multiple. The 
microscopic appearance is in general similar to 
the iodide of palladoammonium. Their mean 
length is about 40 m The best strength of solution 
to use in order to obtain the precipitation is 
i: 5000 (iodic acid, w’ater). (2) With silver 
nitrate. The product of the reaction is amorphous. 
It dissolves in ammonia; after evaporating off the 
ammonia, rhombic plates are obtained, similar to 
those of manganese oxalate. Strength of solution, 
I : 5000. (3) With barium chloride. Barium 
chloride precipitates needles. Their length being 
up to 3 oom. Strength of solution, i : 2500. (4) 

Whth Strontium Acetate, Needles and thin prisms 
are obtained, their length reaching to 100 u. 
Strength of solution, i : 300. (5) With calcium 

acetate. Colourless octahedra are obtained, whose 
extinction between crossed Nicols show that they 
belong to the monoclinic system. Mean length, 
150**. Strength of solution, i : 300. The author 
has experimented with many other reagents, in- 
cluding rubidium chloride, ammonia, &c , the 
results of which he gives in the above paper. 


NOTTS. 

Toxicity of Barium Carbonate to Rats. — A 
series of experiments on the toxicity of various 
substances to rats and their suitablity for poison- 
ing these animals was undertaken by the U.S. 
Bureau of Chemistry as part of the rat-extermina- 
tion w’ork of the Department of Agriculture. The 
results of the tests with barium compounds 
brought out the following facts. Lethal Dose for 
Rats. — Barium chloride, subcutaneously, 45 to 89 
mgrms. per kilo., by stomach tube, 350 to 535 
mgrms. per kilo ; barium carbonate, per os, 630 to 
750 mgrms. per kilo. On the basis of the barium 
content, the carbonate is about two-thirds as active 
as the chloride when administered per os. The 
average intake of food, both poisoned and un- 
poisoned, by hungry white rats, was one- 
hundredth of their body weight. 20 per cent of 
barium carbonate in the rat bait was found to be 
an efficient concentration. With this percentage 
a rat is required to eat only one-third or three- 
eighths of a meal of average size, or 1/320 to 
1/266 of its own weight, in order to secure the in- 
gestion of a lethal amount^ With this concentra- 
tion, many of the rats die within the first 24 hours, 
the chief factor being the consumption of an 
amount larger than the minimum efficient lethal 
dose . — Journal of the Franklin Institute ^ January, 
1921. 

The Use of Ammonium Persulphate for Re- 
vealing THE Macrostructure of Iron and Steel 
(U.S. Bureau of Standards, Scientific Paper *No. 
402). — ^Ammonium persulphate is a widely used 
etching reagent for copper alloys, but the advan- 
tages of its use with iron and steel have been al- 
most entirely overlookecL ..The article describes the 
method of appiicatiop of the reagent and gives 
photographs to illustrate typical results obtained. 
Ammonium persulphate decomposes upon the ad- 
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dition of water, so that the action of the reagent 
is that of a weak acid intensified by the presence 
of oxygen. Chemical un homogeneity is readily 
shown by the reagent, but the most characteiistic 
feature in its action is the readiness with which it 
reveals the crystalline condition of the material 
— foiitnai of the Franklin histituiCy January, 
1021. 

“100 PER CENT/’ Daily Mail Efficiency Exhibi- 
tion. — From Febnlaiy' 10 to February 26 the 
Daily Mail Efficiency Exhibition will be open at 
Olympia. Its scope and interest may be measureo 
from the following summary of its main sections 
Scientific — Research, Invention, Motion Study, 
Chemistry &c. Industrial — Factoiy^ planning, 
Equipment and Plant, Waste Elimination, Em- 
ployees’ Welfare, See, Commercial — Organisa- 
tion, Distribution, Printing, Advertising, Costing, 
Office Equipment, Insurance, &c Civic and 
National — Education, Physique, Tiaffic, Trans- 
port, &c. Personal — Technical and Professional 
Colleges, Mind Training, Vocational Guidance, 
Languages, See. An important exhibit will be that 
illustrating the work of the Ministry^ of Labour’s 
Industrial Training Department. This Depart- 
ment is responsible for the intensive training of 
ex-Service men in skilled trades, and the whole 
of the Olympia Annexe will be devoted to showing 


how the ex-fighting man is quickly trained to help 
the nation win in the gieat Industrial World- War. 
The Efficiency Exhibition and the lessons to be 
learned there promise to mark the beginning of a 
new era for the Biitish man of business, whatever 
industry 01 calling he may be associated with. It 
will be responsible for much “scrapping” of 
machinery, methods, and buildings. A period of 
trade depression and low output ^ is the very 
moment when important reconstruction work can 
be undetaken, The present slack time offers 
golden opportunities to those with foresight and 
imagination, and the Dail Mail’s Efficiency Ex- 
hibition comes at an extraordinarily opportune 
moment. We are no longer too busy to think, 
and Olympia in February will make us think. 

Royal Institution. — A General Meeting of the 
members was held on the 7th inst. , Sir James 
Crichton-Brown c, Treasurer and Vice-President in 
the Chair. Mr. J. Mcllwaine Cater, Mr. C. C. 
Paterson, and Mr. C. Western were elected mem- 
bers. On Saturday, February 12, at 3 o’clock, 
Prof. A. Fowler begins a course of three lectures 
at the Royal Institution on “Spectroscopy.” The 
Friday evening discourse on February ii will be 
delivered by I)r F. W. Aston on “Isotopes and 
.Atomic Weights,” and on February 18 by Mr. 
Solomon J. Solomon on ‘Strategic Camouflage.” 



Tmts List is specially coisapSed for the Chemical News by Messrs. 
Rayfker & Co , Registered Patent Agents, of 5, Chancery Lane, 
Leodoo, W C.3., from whom all mfonnation relating to Patents, 
Marks ajad Designs can be obtained gratohonsly. 

Laiesi PaUnt AfpUceUiem, 

3068— Ashcroft, E. A.— Metallurgy of lead and zinc and their 
snlphides. Jan. 14th. 

I rys— Barron, E. C,— Cbetnicai fire-extinguishers. Jan, lotb 

1447— Brat, P.— Recovering nitrogen in the form of ammonia from 
peat. Jan. loth. 

19x1— Clavel, R.— Treatment of cellnlose acetate orproducts made 
tbmnewith. Jan. xztb. 

i6go— Foster, J,— Method ot producing lime for building together 
with ammonia and a gas for power porpos^. Jan. nth. 

ngi— Helbronner A.— Manufacture of smphmic acid. Jan loth. 

14x5— Hiipert, S.— Treatment of waste sulphuric 
acid. Jan. zoth. 

J.— Sulphuric-acid valves. Jan i3tfa. 

11I97— Waifin, E.— Prodaction of steinbolz from 
mapiesia and magnesium salts. Jan zodx. 

3693*— Bader, W. — Manufacture of pyrosulphates. 

Jan 20th. British Cellulose & Chemical Manu- 
faetoring Co., Ltd. 

*554— Conover, C.— Purification of naphtaiene. Jan. 

Z9th. 

2824~!>elaroziere, F. F.- Manufacture of sodium and 
potassium ferro-cyanide. Jan. 17th. 

3*73 — ^Kestiier, P. — Metallic media for fixation of 
oxygen of wat« in appartus for abstracting 
^ses from liquids. Jan. lyth. 

^^9 — Lrmdea, H. L. R. — Production trf" siircwen 
compounds by absorptiem of nitrogen in a mix- 
tsie of reaetkm. Jan. 19th. 

^4— Lunden, H. L. R. — Preparation of a mixture of 
impounds of alkaline earth metals and carbon 
SOI absorption of nitrogen. Jan 22nd, 

SHwi— -PeMson, A — Manufacture of zinc oxide Jan. 

ai^W^ons Aktieholag— Method of producing 
cyaoiimDsde from calcium cyanami<ki. Jan. 18th 


c=r=n 


*455rr“Badische Anilin and Soda-Fabnk— Manufacture and pro- 
duction of solutions of cellulose acetates. 

147099— Still, C r-Method of treating crude gas liquor to obtain 
ammonia solution 
i5683i-~Gee, J. E,— Thermostats. 

lyfiS^—Wade, H. Manufacture of insoluble of thorium compounds 
156896— Howse, G. H.— Solutions of phenol-alde-hyde condensation 
products. 

15^16— Manufacture of acetic acid. 

Ahsifocts, 

Mr J. B. Hobsbawn of Hove, has obtained a Patent No. 153649 
or a new method of obtaining Sodium Nitrate from its solutions. 
First separate a considerable proportion of the sulphates and 
chlorides present by concentration under an absolute pressure of 
Jilb. per square inch until the temperature of 90-95" C, is reached’ 
and afterwards concentrating the liquor at atmospheric or other 
pressure until the content of chloride (calculated as the sodium salt) 
IS 75-80 grams, per litre. The concentrated liquor is then cooled 
for the production of sodium nitrate crystals. The first stage of 
the concentration is eftected in a vacuum evaporator, consisting of 
a heater 3 and a separator 7 connected by circulating pipes 6, 9. 
The crystals of chlorides and sulphates that separate are discharged 



Speti^aiions, 

^B.— Method of conductir 

rTOMtr m CaUsUc potash. 

0 @etne Elettr^himicbe Dottor Rossi 
hydrogen and miitun 


through a valve 11 into a settling tank 12 from which they are 
removed by conveyors 17, 19. The crystals may be washed by 
liquor from the store tank i. A pump a feeds liquor from the store 
tank I to the heater 3, and a pump 21 returns the liquor from the 
settling tank 12 to the heater. The second stage of the concentra- 
tion m effected in an intermittently working evaporator consisting 
ol a heater 23 and a separator 24 operating under a pressure such 
that the steam generated may be led by a pipe 4 to the heater 3 and 
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used as a heatmg-agent therein. The evaporator 23, 24 is filled 0^ 
adjusting a valve 22 so as to permit a portion of the iiquor from th® 
pump 21 to enter the heater 23. When the liquor has reached the 
prescribed concentration the contents of the evaporator 23, 24 are 
discharged through a filter 29 and are pumped into a chamber 32 
maintained under an absolute pressure of ra-islb per square inch, 
and are cooled to 70-75^ C by evaporation under the reduced 
pressure. The liquor is then transferred to a rotary cooler 37, m 
which the sodium nitrate separates. 

Ammonium Sulphates — A new process for treating Ammonium 
Sulphates is the subject of a Patent No. 154328 by Mr N Wilton of 
100, Station Road, Hendon. To remove mother liquor from wet 
sulphate of ammonia the crystals are placed bn a perl orated plate G 
within a vessel A provided with a cover D, and dry steam or steam 
and air is blown in from the top by pipe F m order to drive the liquid 
out by a pipe J to ihe saturator L or to the tank K. Ammonia may 
be introduced at any stage to neutralise remaining acid The vessel 
A, which may be steam jacketed and made of acid resisting material, 
is mounted on trunnions B to allow of the dried crystals being tipped 
out into the storage chamber M. 



Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and forward on post free for the official 
price of if- each. 


Monday y Febntaty 14. 

Royal Society of Arts, 8 (Cantor Lectures). Applications of 
Catalysis to Industrial Chemistry,” by Dr. Eric K Rideal 

Institution of Electrical Engineers, 7 Discussion on Design of a 
Large Power .Station.” .\tso Meeting at Newcastle, 715 — 
“Temperature Units of Large Alternators/’ by G A Juh in 

Biochemical Society. 

Tuesday f February 15 

Royal Institution, 3 “The British Soldier since the Restoration — 
His Unmilitary Services,” by Hon J. W. Fortescue 

Society of Chemical Industry, (At Edinburgh) 

Institution of Petroleum Technologists, 5 30 

Wednesday, Febyuary 16. 

Royal Society of Arts, 4.30. 

Royal Microscopical Society, 8. 

Thursday, February 17. 

Royal Institution, 3. “ Oceanography— The Sea Fisheries ” by 

W. A, Herdman. 

Institution of Electrical Engineers, 6. “ Feebly Magnetic Materials 
I — “Instrumentation ” by Prof. E. Wilson. 

Institution of Mining and Metallurgy, 5.30 

Chemical Society, 8 - , ' 

Royal Society. “ A Comparison of Magnetic Declination Canges 
at British Observatories,” by Dr. C. Chree. “The Trai^- 
mission of Electric Waves round the Earth’s Surface,” by 
Prof H. M. Macdonald. “The Stability of Fluid Motion,” 
by Prof. T. H. Havelock. “On the Transformation of 
Integrals,” by Prof, W. H. Young. “ The Constitution of the 
Alloys of Aluminium, Copper and Zmc, containing High 
Percentages of Zmc,” by J. L. Haughton and Kathleen E. 
Bingham. 

Friday, February 18. 

Royal Institution, 9. “Strategic Camouflage/’ by Solomon J. 
Solomon. 

Royal Society of Arts, 4.30. 

Institute of Metals, 7.30. (At Sheffield). 

Saturday, February ig. 

Royal Institution, 3. “ Spectroscopy— Regularity in Spectra,” by 

A, Fowler. 
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EDITORI&Ii.— All Literary communications and Books, Chemical 
Apparatus, Ac , for review or notice to be addressed to the 
Editor. 

SUBSCRIPTIONS, £1 12s. per annum, payable in advance, should 
be addressed to the Manager, 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager 

THE CHEMICAL NEWS, 

97. Shoe Lane, London, E.C 4 

AD¥£BTISEMENTS. 

All communications tc/r this Department should be ad- 
dressed to— 

T. G, SCOTT & SON, 

63, Ludgate Hill, London, E C.4. 


RESEARCH DEPARTMENT, 
ROYAL ARSENAL, WOOLWICH. 


XHE Owner of British Patent No. 6741/10 

•L entitled ^‘Method of Producing Alcohol from Sulphite 
Cellulose Lyes” desire to dispose of same and would be 
willing to grant a licence to manufacture on royalty terms, or would 
be willing to sell the Patent outright , . , 

A copy of the specification and full particulars may be obtained 
from Hertford Record Co., Ltd. of Lindsey House, 59, Lincoln’s 
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Unbound 360 each 
»i 2 13 0 „ 
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THE UTILISATION OF BASIC SLAG. 

By E. J. RUSSELL, D Sc., F.R S., Director of the Rothamsted 
Experimental Station. 

The Utilisation of basic slag in agriculture is one 
of those important developments in agricultural 
science for which the credit is due in the first in- 
stance to British investigators. The possiblity of 
utilising basic slag was put to practical test by the 
late John Wrightson at Ferrj^hill and at Downton 
in 1884 and 1885, and, in spite of some opposition 
on theoretical grounds by other workers, a good 
case was made out. The first field experiments 
were carried out in the south of England, but the 
centre of interest soon shifted to the north, and 
the mo^t striking tests were carried out at Cockle 
Park, under the direction successively of Prof. 
Somerville, Sir. T. H. Middletop, and Prof. Gil- 
christ. To these three more than any others we 
owe the great advances in knowledge of the use 
of basic slag. 

The standard experiments and the well-known 
trials were all made with the Bessemer slag. If 
agriculturists could have been assured of a steady 
supply of, say, 300,000 or 400,000 tons per annum 
of high-grade Bessemer slag containing some 20 
per cent of PaOs, there would have been no need 
for this discussion \ the problem would have been 
the purely academic one of working out the con- 
stitution of the effective constituents of the slag. 

The introduction of the basic open hearth pro- 
cess, however, has threatened the supersession of 
the Bessemer process, and agriculturists can no 
longer feel certain of receiving adequate supplies 
of slag of the type to which the old material be- 
longed. Three distinct substances are now used 
under the one name of basic slag : — 

(1) Bessemer slag, containing about 20 per cent 

P3O5 (43’6 per cent tricalcic phosphate). 

(2) Open hearth basic slag, 7 to 14 per cent 

P2O5 {15*4 to 31 per cent tricalcic phos- 
phate). 

{3) Open hearth basic slag, 7 to 10 per cent 
P3O5 (i5‘4 to 21*8 per cent tricalcic phos- 
phate), in the manufacture of which a 
considerable proportion of calcium fluor- 
ide has been used. 

The phosphorus of the first two types of slag 
is nearly ail soluble (85 per cent or more) in 2 
per cent citric acid under certain conventional 
conditions ; that of the third type is not — only 20 
per cent or less dissolving. 

It may be said at once that no important agri- 
cultural distinction between the first and second 
of these classes has been proved with certainty 
when the slags are used in quantities containing 
equal amounts of phosphorus, and so far as pre- 
sent information goes, these slags are of equal 
value per unit of phosphorus to agriculturists. 
There are, of course, disadvantages in low-grade 
materials, in that large bulks have to be handled, 
and therefore larger expenditure is incurred, and 
deliveries to the form or field may be delayed. 
But when allowance has been made for tl^se 
items, there is no great difference betweep the two 


classes of slag. The third class, however, is 
somewhat different, and agricultural investigators 
generally agree that it is less effective than the 
first two types, though they have not yet wholly 
succeeded in evaluating it. 

Broadly speaking, the problem resolves itself 
into three broad divisions : — 

(1) What is the agricultural value of the 

various basic slags likely to be available 
• in the near future ? 

(2) Is this value related to the chemical con- 

stitution of the slag in any simple way 
that would allow of some chemical ex- 
pression and on which an evaluation 
method might be based } 

is) Is it possible for the steel works to in- 
crease the phosphorus content of the slag 
and generally to increase the effectiveness 
of the so-called low-grade slags ? 

The determination of agricultural v^lue re- 
quires in general two distinct types of experiments 
— ^pot experiments and' field trials. Pot experi- 
ments are more accurate than field trials, being 
much more under control : results can be obtained 
in a single season which are reliable within about 
5 per cent. On the other hand, the rigid control 
of the conditions introduces a large element of 
artificiality, so that the results are never final. 
In the writer^s experience, a positive result in pot 
experiments is not always paralleled by a positive 
result in the field, as some nullifying factor may 
come into operation •, on the other hand, a negative 
result in pot experiments is usually associated 
with a negative result in the field. 

Although the pot experiment gives useful in- 
formation, the field experiment has always to be 
made before any idea can be formed as to the 
economic importance of the factor under investi- 
gation. It is necessary also that the field trial 
should be repeated on different types of soil and 
in different climatic conditions. Fortunately, an 
organisation of agricultural investigators — the 
Agricultural Education Association — covers Great 
Britain, and enables co-operative trials to be 
made. An extended trial of the three types of 
basic slag is now being organised which should 
give much valuable information. 

The difficulty of studying this particular prob- 
lem in the past has been to obtain basic slag of 
known history. In one or two instances a long, 
laborious agricultural Investigation has been de- 
prived of much of its value because the slag sup- 
plied for the purpose^ was not what had been 
promised. 

Field experiments when well carried out are 
liable to an error of about 10 per cent. Farmers' 
trials are less reliable : the error may be any- 
thing from 20 to 100 per cent , or even more. 

Provided the supply of basic ‘slag of known 
origin can be assured, the agricultural trials can 
be carried out by the sub-committee of the Agri- 
I cultural Educational Association, which has been 
set up for this purpose. 

So much for the method of investigation. We 
must now consider some of the general results. 
The old Bessemer slag has proved ip the farm^s' 
experience extraordinarily valuable for the im- 
' provement of heavy ^assland ; no single fertiliser 
has been anything like as effective for this par- 
ticular purpose. The effect is mainly 
and is traceable to remarkable development 
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of white clover which follows the application of 
the slag. It IS not yet ascertained whether this 
effect is due to direct action of phosphates on the 
plant, or whether the slag in some way is helpful 
to the micro-organisms associated with the clover 
root. 

\yhatever the cause, the result of this spread of 
white clover is to increase the stock of nitrogen 
in the soil, and add greatly to the soil fertility. 
Further, it adds considerably to the value of th^ 
herbage, clover being one of the best of the green 
foods available. Another factor also contributes 
to the nutritive effect; additions of phosphate to 
the soil tend to add to the phosphorus content of 
the crop, and this in turn raises its feeding value 

The use of Bessemer basic slag has not been 
restricted, however, to grassland- It has proved 
effective in increasing yields of crops on arable 
land, particularly m the West and North. So far 
as the evidence goes, the feeding value of the 
crop IS also increased, though the experiments are 
not very numeious. 


As already stated, the open hearth basic slag 
made without fluorspar has hitherto proved prac- 
tically as effective as the old Bessemer slag when 
compared on the basis of equal amounts of phos- 
phorus. The fluorspar slag, has, however, proved 
distinctly less effective in pot experiments and in 
Oldershaw’s field experiments in Suffolk; it was 
also less effective (though quite good) in some of 
Robertson's field experiments in Essex. In the 
North and West, however, w^here the growing 
season is longer, it was nearly as good as the more 
soluble slag of the second t\’pe. We may infer 
that the fluorspar slag would probably be more 
effective in cool, moist regions than in hot, dry* 
ones, though more information is needed before 
a definite rule could be made. 


The chemical or physico-chemical problem of 
elucidating the constitution of basic slag and 
determining the effective components is more 
difficult. 

It has ahvays been assumed that the phosphate 
was the effective constituent, this being the only 

one ot the three common fertilising constituents 

nitrogen, phosphorus, and potassium — present 
borne importance used to be attached to the free 
lime until it was realised that not more than 2 to 
5 per cent of free lime is present, so that the 
amount added to the ground is negligible The 
Bessemer slag, however, produced effects on heavy 
passland which could not be obtained by equiva- 
lent dressings of mineral phosphate or super- 
phosphate It IS necessary to find some explana- 
tion for this result, and usually in Great Britain 
phosphorus in basic slag is 
a sihco-ph^phate which may be 
^ physiological action from the 

ordinan^ phosphate. Hall and Morrison [Proc, 
77B, 455-477) have sho^vn that 
plaM- phosphorus by the 

“creased assimilation they ob- 

offertn phosphate mav 

on grlssknd““““" 


addition to those ordinarily recognised, including 
boron, aluminium, fluorine, iodine, chlorine, sili- 
con, manganese, and zinc, are necessary for the 
full growth of the plant. Other workers have ex 
perimented with some of these as fertilisers, and 
have shown that manganese (W. E. Brenchley, 
Alin. Boi.j 1910, xxiv , 571-583; E. P. Dearrick, 
Cornell Univ Ag, Mem., 1919, xix , 371-402; J. 
S. McHague, Journ. Ind. Eng. Chem.j 191Q, xi, , 
332-5) and fluorine (A. Gautier and P. Clausmann, 
Comfit. Rend.j iqto, clxviii., 976) compounds may 
give increases in crop From the published de- 
tails in the French papers it is not evident that 
such increases would usually be obtained m the 
field, but in so far as they are obtainable at all in 
soil, they indicate that other constituents of slag 
besides phosphorus are effective. Indeed, the 
manganese content of slags is actually determined 
in F ranee. 

The experiments made in England wdth man- 
ganese compounds as fertilisers have not led to 
prornising results. At Rothamsted, manganese 
dioxide and manganese sulphate were both tried, 
both succeeded to a small extent in pots, but 
failed in the field. At Woburn, also, some degree 
of success w'as obtained in the pot experiments. 
We do not, however, know' of a single case in this 
country where manganese salts have given un- 
exceptionable increases m crop m the field. It 
may ahvays happen, how’ever, that other com- 
pounds w'ould be more effective, and we have 
started in the pot culture house a senes of experi- 
ments w'lth slags of know'n manganese content in 
order to ascertain w’hether manganese in the foim 
in w^hich it occurs in slag behaves in any W'ay 
differently from the oxide or sulphate. 

The idea has been put forw’ard (probably by 
some of the slag grinders) that the composition of 
basic slag is Jess important than the state of 
grinding. It is true, of course, that’ a certain 
degree of fineness is necessaiy m order that the 
slag may have some chance of acting; Collins 
(Collinb, “Plant Pioducts and Chemical Ferti- 
lisers,'' 1918) has adduced some evidence that the 
standard sieve of 100 meshes to the inch affords 
the best results; more extended experiments, how- 
ever, might w'ell be made. But there is no evi- 
dence W'hatsoever for supposing that fineness of 
grinding is the sole factor or is anything more 
than an important secondary consideiation It 
has been asserted that a 20 per cent slag finely 
ground w’ould have exactly the same effect as an 
equal weight of 30 per cent slag finely ground, 
and therefore that the loiv-grade slag ought to 
find just as ready a market as the higher grade 
slag. ^ Hitherto the claim has not been taken 
sufficiently seriously to justify any special investi- 
gation, and the direct experiments have ahvays 
been with quantities of slag containing the sanie 
amount of phosphorus. 

There is, how’ever, no indirect evidence even 
remotely suggesting that the addition of s to 
locw’t. per acre of a mere gritty substance w^ould 
have any appreciable effect on the soil. Many 
attempts have been made in tlie past to improve 
clay soils by the addition of sand; they broke 
down because the amounts needed per acre were 
not a few’ ewis., but many tons. The alteration 
of soil texture by addition of inert particles is 
very difficult, necessitating large amount of 
material. 
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Reviewing all the evidence, I see no reason to 
depart from the customary British method of re- 
garding the phosphorus as the essential fetilising 
constituent in basic slag, though I am prepared to 
admit that a silico-phosphate might have a special 
fertiliser value, and that the basic nature of the 
slag is also important; as to the manganese, I 
have an open mind, and we are starting a series 
of experiments at Rothamsted on this problem. 

Assuming phosphorus to be the essential fer- 
tiliser constituent, it is^ by no means easy to dis- 
cover the form in which the phosphate exists in 
the different slags, or even to solve the pureK 
analytical problem of devising a method which 
shall discriminate between one slag and another. 
In the early days there were attemiits in Germany 
to mix cheap mineral phosphate with basic slag 
and to sell the mixture as a genuine article. The 
late Prof. Wagner then devised his well-known 
citric acid test for basic slag, which has become 
the standard method in most countries ever since. 
But, as Mr. Scott Robertson has shown, it does 
not help much for the evaluation of the new kinds 
of slag, and a new method seems called for. 

Perhaps the most pressing problem, houever, 
is the enrichment of basic slags poor in phosphate. 
In the case of the Bessemer slag this problem does 
not arise, because it is to the steel maker’s interest 
to have a pig iron rich in phosphorus, and hence 
the slag is necessarily rich. But in the basic open 
hearth richness in phosphorus is not essential ; 
indeed, it is not even desirable, and the steel 
maker takes no steps to ensure a phosphatic pig 
iron. When it is suggested that the phosphorus 
content of the pig iron might be increased deliber- 
ately with a view to improving the slag, the steel 
maker points to the relative prices of steel and 
slag, and reminds one that the tail must not be 
allowed to wag the dog. Agriculturists must re- 
member that basic slag is a very subsidiaiy' part 
of the steel maker’s business, and that it cannot 
for a moment be allowed to in ci ease the time 
necessary tor making the steel, nor in any other 
way to increase greatly the cost of working. 

On the other hand, the steel maker should 
realise that the agricultural demand for good basic 
slag is likely to be greater than the supply. The 
consumption of basic slag has greatly increased 
during the war, and there is no sign yet that the 
limit has been reached The figures for the con- 
sumption in the United Kingdom are, in tons per 
annum : — 

Year ending May 31 st, 

Pre-War 1918. 1919. 

263,000 500,000 540,000 

Estimated amount utihsable 
Sir T, H. Middleton, Sir Chas Fielding 

892,000 1,463,000 

It would be interesting to know from the steel 
makers what amount of slag calculated in terms 
of a slag containing 20 per cent P3O5 is likely to 
be producible in the near future. There are two 
distinct cases where enrichment would be de- 
sirable ; — 

(1) Slags containing less than 8 per cent PaO^ 
which at present are hardly used ; by enrich- 
ment these might become worth grinding. 

(2) Slags containig 8 to 12 per cent P2O5 
17*4-26 per cent tricalcic phosphate), which 
are already easily saleable, but which when 
sold on the basis of P3O5 content cost a 
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disproportionately large amount in bagging, 
gimding, and freight. 

Assuming enrichment of the pig iron to be out 
of the question, the only two possibilities seem to 
be . — 

(1) Fractionation of the slag so as to concentrate 

the phosphorus as much as possible in one 
part of the slag. 

This gives a product which can be more pro- 
fitably handled by all concerned, though it does 
not increase, but rather diminishes, the total phos- 
phorus supply. 

(2) Enrichment of the slag by adding finely 
ground mineral phosphate in the ladle. 

We are not yet m a position to pronounce a 
final opinion on this latter method. In its favour 
may be urged the fact that mineral phosphates 
have distinct fertiliser value, w'hich is appaiently 
increased by ignition, and might w*eli be increased 
*by any interaction taking place in the ladle. 

Against It is the difficulty of detecting fraudu- 
lent additions of mineral phosphates to slag, 
which might become common if there w'ere any 
great difference in unit price betw’een slag phos- 
phate and mineral phosphate — and without some 
difference there would be little inducement to the 
steel maker to enrich his slag. 

A further and perhaps more difficult problem 
IS to improve the fluorspar slags, which at present 
are much less soluble in citric acid than those 
made without additions of fluorspar. Although 
these insoluble slags have a higher fertiliser value 
than was anticipated from the old citric acid test, 
they do not appear to be as effective as the more 
soluble ones. Not only is there a falling off in 
yield, but probably also in quality of the crop 
Pot experiments indicate that the plant takes up 
less phosphoric acid from an insoluble fluorspar 
than from a more soluble one ; agricultural* ex- 
perience shows that increased assimilation of 
phosphoric acid increases the value of the crop 
as animal and probably as human food 

Sorild it be impracticable to improve the fluor- 
spar slags, there is still another possible solution. 
Agriculturists could no doubt find the precise soil 
and climatic conditions under which they w'ould 
prove most effective, and efforts could then be 
made to confine their use to those particular cases. 
— Transaciions of the Faraday Society j December, 
1920- 


VARIATIONS IN THE Conductivity of Calcium 
Sulphide due to Changes of Tejviperature. — 
When a thin layer of calcium sulphide is heated, 
previously insolated, its conductivity rapidly in- 
creases, passes a very acute maximum, and then 
decreases to become practically nil. The gradient 
conductivity- temperature is so much greater, 
the maximum so much higher, according to the 
greater rapidity of heating. The phenomenon is 
really associated wdth the state of phosphor- 
escence, for when cooling is made before conduc- 
tivity falls to zerOj and then heating, we have 
much slighter variations and a much smaller 
maximum. M. Vail I ant, who studied this pheno- 
menon summarises his observations in this note.' — 
Camfies RenditSj. December 27, 1920. 
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THE RELATIVE VOLUMES OF THE CHEMICAL ELEMENTS. 

By HAWKSWORTH COLLINS. (Continued from p. 66). 


In the following the same results are obtained as in the foregoing, but without any intervening CHa. 


Name and Chem. Formula. 

Chlorbenzene 



Brombenzene 

QH^Br 

lodobenzene 

C.Hs-I 

Nitrobenzene 

C,Hr-NOa 

120 Nitrobenzene 

NOa 

Aniline 



Benzonitril 

QHr-CN 

Triazobenzene 



Phenyl mercaptan 



12$ Thiophenol 

C^H^SH 

Benzoic acid 
C,H^CO,H 
Benzoic acid 
C,H^CO,H 
Phenyl acetate 
C.H.— CO*CH, 

Phenyl acetate 
C.H^CO,CH, 

130 Et benzoate 

C,H«— CO,C,H, ... 
Ethyl benzoate 
C.H^CO,C,H, ... 
Propyl benzoate 
C.H,— CO,C,H, ... 

Butyl benzoate 
♦ C.H5~C0,C,H, ... 

Amyl benzoate 

135 Phenol 

C.H^—OH 

Phenylacetylene 

C.H,— C,H 

Bromethylene (Vinyl Br) 
C,H.— Br 

lodethylene (Vinyl I) 

.. ... 

Oxalic acid 
CO,H^CO,H 
140 Methyl ethyl oxalate 
CH,CO,~CO,C,H, 
Hexchlorethane 

CCl,— CCl. 

Bromotrichlormethane 

CC!,-^Br 

Methyl trkhloracetate 
CCl:r-CO,CH, 

Acetylene dichloride 

.. ... 

145 Acetylene dibromide 



Acetylene iodide 



Accftylcne chionobromide 

C.H,— ClBr 

Acetylene chloriodide 

C^Ha^ClI 

Acetylene bromiodide 
C.H,~BrI 


Vols of Parts. 

Theor. S.G. 


Observed S.G. 


77-48 - 

- 23*01 

I'lig 

1*126 

20° So. 

1*107 20° 

B. 

77-48 - 

- 27*00 

1*493 

1*492 

22°/4 1 . 

1*491 20° 

B. 

77-48 - 

-3275 

1*851 

1*858 

0° Sh. 



77-48 — 

26*74 

1*180 

1*187 

14° Ko. 

1*174 25® 

Scl 

74-45 - 

26*74 

1*216 

I*2i6 

5° — 10° 

Re. 


74-45 — 

16*42 

1*023 

1*023 

i7°/4 Sw 



77-48 — 

23*96 

1*015 

roio 

15° Va. 

1*024 25° 

K. 

/ 77 - 48 \ 

V 74 - 45 /— 

; 32-63 

1*096 

1*098 

10° Va. 

1*097 10° P. 

77-48 — 

25*48 

1*07 

1*078 

14° V. 



/- 77 - 4 S\ 
\74 45 /~ 

: 25*48 

1*084 

1*074 

23" Ei. 

*. 1*081 15 

0 

77-48 — 

23*80 

1*205 

1*201 

21° M. 



74-45 — 

23*80 

1*242 

1*227 

27° M. 

*. 1*24 IS 

0 

77-48 — 

49*71 

1*07 

1*074 

Bo. 




49*71 

1*082 

1*080 

1SV15 Va. 


77-48 — 

66*13 

1*045 

1*047 

20' B. I 

*049 14° De. 

74-45 — 

66*13 

1*067 

I *06 

18° De. 



77-48 — 

82*55 

1*0248 

1*0248 15® Sm. 



77-48 — 

98*97 

rooQ 

I*OII 

15° Va. 

I *000 20° 

L. 

77-48 — 

1 15*39 

0*996 

0*992 

15° Sm. • 

1*002 10° 

Dh 

74-45 — 

13*29 

1*071 

1*070 

20° B. 



77-48 — 

31*25 

0*938 

0*937 

12° Va. c 

1*932 25° I 


41-87 — 

27*00 

1*539 

1*529 

u°A. 1-566 4° Car 


41-87 — 

3275 

2*064 

2*09 c 

" Gu. 

2*064 15° 


23-80 — 

23*80 

. 1*9 

1*900 

1 . 



49-71 — 

66*13 

1*14 

1*156 

o°Wi. .. 

ri42 15° 


69-74 — 

69*74 

1*70 

1*619 

Re. 2*01 r 

S 


69-74 — 

27*00 

2*041 

2*058 

0 ° Pt. .• 

2*04 15® 


69-74- 

497 ^ 

1*486 

1*489 

19" H. 



28*89 

(23*oiL 

1*295 

1*291 

15V4 Ch, 



28*89 — 

(27*00)2 

2*22 

2*223 

19° Sb. 



28*89 

(32*75). 

2*966 

3*303 

21° Sb. 2 

*942 21° Sb. 

28*89 

/23*Ol\ 

Kvpool 

1*781 

i*8i6 

3 ° PI. 1-747 10° Sb 


28*89 — 

/23'OI'S 

132*75/ 

2*227 

2*229 PI. 



28*80 

/37 0 O\ 

\ 32 * 75 / 

2*62 

2*627 

17° PI. 
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In the preceding 149 molecules it will be noticed 
that there are two of each of the following, -d 
phenylethylamine (Nos. 42, 44), benzyl acetate 
(Nos. $6, 57), nitrobenzene (Nos. iig, 120), ben- 
zoic acid (Nos. 126, 127), ethyl benzoate (Nos. 130, 
131). The fact that there are two is not a fault 
of the theory; but, if there xs a fault anywhere, it 
is in the large variations of specific gravity ob- 
tained by experimentalists. The raison d'etre of 
these variations will appear later. It is only 
necessary to state here that similar variations 
occur in nearly all compounds of benzene If this 
statement contains an actual truth, then, of course, 
the majority of benzene compounds will be likely 
to be mixtures of the two forms. This is the ex- 
planation of benzyl iodide (No. 39) being given 
(^’45) — ^^'42 — ^32'7S- The same remark 

applies to several others of the foregoing com- 
pounds of benzene. 

With regard to the two volumes found for OH, 
nothing can be said at present, except that the 
distinction between them will appear later. 

In No 53, 49*71 is the relative volume of 
O^CO — CH3, whilst in No. 54 the same figures 
represent the volume of CO — O — CH3; sO' that 
the volumes of these two different arrangements 
of atoms are the same. The same is true of 66*13 
and 82-55. 

49*71, 66*13, 82*55, 98*97, and 115*39 are volumes 
of groups which diner by CHa, and therefore the 
difference between any two of them ought to be 
16-42 or a multiple of 16*42, as it is. 

It has been found necessary to begin by investi- 
gating the volumes of groups of elements, but 
later the relative volume of each atom in these 
groups will become evident. 

There is already no doubt at all that perfect 
regularity exists at the temperature of 15® C , and 
it remains to be seen how much further this regu- 
larity goes, and to what conclusions it leads us. 

(To be continued.) 


NOTE ON AUGITE FROM VESUVIUS 
AND ETNA. 

By HENRY S. WASHINGTON and H, E. MERWIN. 

The problem of the constitution of the pyroxenes 
that contain alumina and ferric oxide — the augites 
— is one of the most puzzling and, in some res- 
pects, one of the most important that are pre- 
sented by the rock-forming minerals. In an effort 
to aid its solution, I have made during the last 
few years a number of analyses of typical augites 
frorn Italian volcanoes, in the lavas of which 
augite is one of the most constant and most 
characteristic minerals. The study of these is 
not yet complete, and several more analyses re- 
main to be made. But having recently completed 
two analyses of augite from Vesuvius and Etna, 
of which Dr. H. E. Merwun has determined the 
optical and crystallographic data, it seems to be 
advisable to publish the results as a slight contri- 
bution toward our knowledge of this important 
group of minerals. This seems to be the more 
justified as, notwithstanding that the species was 
based first on the crystals from these two vol- 
canoes, we have as yet no satisfactory or modern 
analyses of them. 


Augite from Vesuvius. 

Vesuvius has long been noted for. its pyroxenes. 
Beautiful diopsides are found in many of the 
ejected blocks of Somma, and loose crystals of 
augite are' among the products of many of its 
eruptions. The crystals studied here were ob- 
tained from the bottom of the crater, in part by 
me in June, 1914, and in part by Dr. A. Malladra, 
Director of the Osservatorio Vesuviano, during 
the same spring. For his kindness in sending me 
the material for study I would express my sincere 
thanks. 

Occurrence . — The crystals are found, either 
loose, and entirely or almost entirely free of 
scoria, as at many other volcanoes; or as pheno- 
crysts in a highly vesicular leucite tephrite, which 
was being ejected in small amount from the orifice 
at the bottom of the funnel during my visit to it 
(A. Malladra, Rend. Acad, Sci. Nafolij Nov., 
1914; Washington and Day, Bull Geol. Soc. 
Amer.j 1915, xxvi., 375). 

The crystals are mostly of the usual, well- 
known, simple forms, such as are figured by Dana 
("System”, 1892, p. 354, Figs. 16,17,18) and in 
most text-books of mineralogy. The faces present 
are: iz(ioo), 6(010), 7«(iio), and j“(iii). A small 
proportion are twinned, forming the common con- 
tact twins, with twinning plane <2(100). They vary, 
in general, from 3 to 5 mm. in length (parallel to 
the vertical axis), though some attain lengths of 
1 cm. or more. The thickness is from one-half 
to two-thirds of the length, and there is usually 
a slight tabular development parallel to <2(100) 
The faces are fairly smooth and bright, much 
brighter than those of the Stromboli augites des- 
cribed in a previous paper (Kozu and Washington, 
Amer. Jour. Sct.^ 1918, xlv., 463), and the &ges 
are sharp. There is but little scoria adherent to 
the loose crystals, but microscopical examination 
of the powdered material revealed the presence 
of small amounts of inclusions of glass and crys- 
talline matter (magnetic, leucite, and feldspar). 

Physical Data . — Of a dozen crystals studied, 
four had sets of faces that were sufficiently good 
for approximate measurements (by Merwin). 
These indicate the probability that crystal lo^ 
graphically diopside does not represent augite, 
The measurements were as follows : — 

wAw (no) A (iio) = 92V-93'^57'; mean 5= 

^ ^ 92®56'4 measurements. 

sAs (in) A {iii)=6i°2o'-59°5o' ; mean = 

60^36' 8 measurements. 
For diopside the measurements are : — 
w Aw=92®5o\ sAs~ 59°n', 

Measurements of 4) and jO four pyramid faces, .s, gave 
values of 24°23'-25°5' and 34°i'-33°i5'» respectively, as 
compared with 25^7' and 33^4^ for diopside 

Speaking of the pyroxenes as a group, Dana 
(Dana, “System, ”1892, 363) long ago pointed out : 
"It is noteworthy that the angles vary but little 
even for a wide variaticm in composition.” While 
this is quite true, yet since that time, with more 
exact means of measurements and of chemmal 
analysis, a more systematic study of the i^afibns 
of the physical and chjemical properties, and for 
other reasons, we are beginning to appreciate mor€ 
than we did thirty yieiars ago the probable impor- 
tance of even small yanations. , , , * . ^ , 
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An optical examination showed that the Vesu- 
vius augites studied are variable in composition 
The general colour is a slightly yellowish grey, 
and there is little indication of zonal structure. 
There is little if any pleochroism. The index ^ 
varies from r/oo to 1711. The extinction angle 
is large, as usual, about 45°, but no exact measure- 
ments were made, because of the variability in 
composition and the consequent indeterminateness 
of the data. 

The specific gravity of the cr^^stal fragments 
used for the analysis was found to be 3*242 re- 
ferred to water at 23°. This low result is pro- 
bably to be ascribed to the presence of the glass 
inclusions. 

Chemical composition. — For my analysis some 
of the cleanest loose ciy^stals were sele^ed, and, 
in order to obtain sufficient material, to these were 
added cr\*stals obtained from specimens of the 
scona from about the orifice. Great care was 
taken to free the cn*stal fragments from adherent 
scoria, and the analysis was made on what was 
probably as pure material as could be obtained 
from this source. It was, however, not practi- 
cable to obtain material entirely free from the 
bmall inclusions of glass, <&c., and the analysis, 
therefore, does not represent an entirely pure 
augite substance. In spite of this defect, how- 
ever, it IS thought best to publish it, as a slight 
contribution to our knowledge of the Vesuvian 
augites, and as illustrative of the dangers, in the 
form of included foreign matter, that may lurk in 
the chemical study of many minerals. The pre- 
sence of the inclusions is also of interest in view 
of the ver>^ close correspondence in chemical com- 
position betvreen these augites and a pvroxen ite 
published by Lacroix, to be mentioned later. 


Table I. 

Analysis of Augites of Vesitvius. 


SiO, 

A1,0, 

Fe,0 

FeO 


MgO 

CaO 

Na^O 

K,0 

H,0-h 

TiO, 


P.Os 

MnO 

SrO 


X 

2 

3 

4 

47*bo 

46-95 

46*42 

47*go 

6*01 

6-75 

9*14 

6*58 

3-17 

4-47 

5'03 

1*52 

4*5g 

4-09 

4 87 

3*33 

H'43 

16*04 

13- IQ 

14*20 

21*52 

19 02 

20*86 

22*51 

0*70 

n.d. 

n.d. 

ri4 

0*76 

n.d.. 

n.d. 

0*38 

0*08 

n d 

n.d. 

-0*62 

1-52 

n.d. 

n.d. 

i*4g 

n.d. 

n.d. 

n.d. 

0*70 

0*13 

n.d 

0*14 

n.d. 

none 

n.d. 

n.d. 

n.d. 


1. 

2, 


3- 

4* 


100*51 100*32 

* Including F =0*02. 


gg-bs 100*39 


Vesuyjns. Casoria, ref. gs. KrysL, 1907, xlu., 881. 
Pyroxemte, Monte Somma. Pisani analyst. LacroiT C 
1917, clxv , aog. * 


Earlier Analyses. — The earlier analyses of Vest 
^ augites, collected by Dana, Hintze, an> 
^Iter, and most completely by Zambonini (F 
Zambonini, Mineraiqgia Vesuviana, 1010, 151) 
vepr unsatisfactory, either because of their earl 
dates, or because of their incompleteness. How 

^ somewhat les 

inferior than the others, are given in Table 1 


While these older analyses show the general 
characters of augite, yet they all are seriously de- 
fective in that titanium dioxide and the alkalies 
are not determined in any of them, although it is 
clear from my analysis, and from our knowledge 
of augites elsewhere, that these constituents are 
present in distinctly appreciable amounts. The 
high alumina shown by them is due to the pre- 
sence of titanium dioxide. Furthermore, the iron 
oxides are not separated in many of them. 
Lacroix has called attention (A. Lacroix, C. R., 
1917, clxv., 21 1) to these serious defects in all the 
existing analyses of pyroxenes of Vesuvius, and 
I can onlv join with him in urging the need for 
better analyses of this mineral group^ from Vesu- 
vius and from other localities, and incidentally) 
call attention to the general inferiority of the great 
majority of the analyses of pyroxenes, especially 
as regards the fundamental points of selection of 
pure material, and accuracy and completeness of 

the analyses. t . r • 

The publication of analyses of such inferior 
quality is to be deplored, as leading possibly to 
seriously incorrect generalisations at the hands 
of those w*ho accept blindly and without critical 
judgment any analysis that is offered them. One 
of the striking features in the study of the chemis- 
try of minerals and rocks is the complacency with 
which such inferior w*oik is accepted and pub- 
lished. Much of it IS based on impure material, 
often not ascertainedly so, earned out by in- 
experienced analysts, W poor methods, or with 
impure reagents; and yet it is accepted in good 
faith by both analyst and author. This state of 
affairs has done much — ^much more than is 
generally thought — to hinder the progress of our 
knowledge of the chemistry of minerals. 

C omparison with pyroxenite. — It is not neces- 
sary* here to discuss my analysis of the Vesuvius 
augite, partly because of its being based on im- 
pure material, and partly because it will be dis- 
cussed later, when the series of Italian augites is 
more nearly complete. Attention must, however, 
be called to the very* remarkable correspondence 
betw’een it and an analysis by Fisani of a pyroxen- 
ite of Monte Somma, published by Lacroix, which 
is given in column 4 of Table I. Lacroix does 
not describe this rock in detail, but it would 
appear to be holoerystalhne and composed almost 
entirely* of pyroxene. It is a somewhat note- 
worthy example of the possibility of diverse cry- 
stallisation of a part of a magma, either as a 
monomineralic or almost monommerahe, granular 
rock, or as w*ell-formed cry^stals of a definite 
mineral. 

Lacroix mentions and gives analyses of several 
types of the p.vroxenite, all of which are more or 
less closely related chemically. It occurs, accord- 
ing to him (A. Lacroix, C. R. 1917, clxv., 205), as 
homoegogenic rocks, that is, “granular forms, not 
only of the flows, but also of the differentiated 
portions of the same magma which have not neces- 
sarily reached the surface.” Such homoeogenic 
rocks are assumedly of abyssal origin, and, if the 
general theo-ries of gravitative adjustment of Daly 
and Bo-wen are* correct, they w*ouid be expected to 
have come up, or been carried up, as broken-off 
blocks, from very deep dow’n in the volcanic mass 
My augite crystals, on the other hand, occur, as 
has been said, in the light scorias that form the 
uppermost scum or froth of the ascending magma. 



FebraL^isfigti*] Augitc frofu V esuvius aud Etna 


79 


This would indicate that, in this case at least, 
separation by gravity has not been carried to com- 
pleteness, That this IS also true elsewhere is 
indicated by the occurrence of such augite crystals 
(almost always of the same cr\stal form) at othei 
volcanoes, such as Stromboli, Etna, and the Alban 
volcano. Indeed, they are rather common at 
many volcanoes, and similarly cn'stals of cossyrite 
and kaersutite (sodic hornblende) are met with as 
such loose cry'stals at Panel leria and Lmosa, to 
speak only of Italian volcanoes. 

But the incompleteness of such a separative pro- 
cess is not to be wondered at, considering the con- 
vection currents in, and the presumably violent 
movements of, the upward- welling mass of mag- 
ma, as well as the presence of gas, whose bubbles 
would act like those in a glass of champagne to 
keep up a dr\’ raisin, which would otherwise sink 
{^^Fofsan et haec oLim memimsse jnvabit”). 

The interesting point is that, with portions of 
the magma of almost identical composition, we 
get, in the one case, a typically granular rock, 
and in the other, well-formed, loose crystals. 
We have, unfortunately, no detailed petrographi- 
cal description of Lacroix’s pyroxenites Of some 
of them he says (p. 210) that they are composed 
of “a little leucite filling the interspaces of plates 
of biotite which surround aittomorphic cr>*stals of 
augite or inclose them poikilitically.” Of the 
most p^Toxenic type, that of which an anabasis has 
been cited, nothing is said as to the form of the 
augitesj but their being spoken of as granular 
(“grenues”) leads one to think that the augites are 
xenomorphic. We know man> pyroxenites fiom 
elsewhere of this granitoid type of texture and, so 
tar as my experience of them goes, they do not 
show evidence of being built around automorphic 
and euhedral crystal cores; though conceivably 
evidence of such an origin may well have been 
obliterated m the process of growth, if this were 
not zonal. 

It will be evident that pyroxenites of the first 
type of Lacroix, with automorphic augites, would 
be quite in harmony with Bowen's theory of the 
settling of the heavy cr>’stals in a magma (N. L 
Bowen, Amer. four, of Sct.^ 1Q15, xxxix., 175). 
(The sinking of crystals of feldspar and their 
accumulation at the bottom of flows of obsidian 
were observed by Von Buch (Geogn. Beschr. 
Canar. Ins., 1825, 229), who mentions experiments 
made by a M de Dree, in which .feldspar crystals 
settled to the bottom of a crucible. The matter 
is discussed by C, Darwin, about 1844 (“Geological 
Observations,” 2nd. ed., 1891, 132-140), who 

attempts thus to account for the differentiation 
of trachyte and basalt) Bowen studied the sink- 
ing of olivine and pyroxene cn stals, and the 
rising of those of tridymite, in artificial melts, 
and the striking way in which the first two sank 
and the third rose was sufficient proof of the 
actuality of the phenomenon afid the relative 
densities of cii’stal and liquid. So far as I know, 
'We have few data, at least exact data, on the 
densities of liquid lavas, but the point arises as 
to whether the augite crystals are really heavier 
than the liquid in which thev occurred. 

The density of the augite cr^^stals was deter- 
mined as 3*242 at 23®. The average density of 
the solid leucite tephrite of Vesuvius (cf. Roth, 
Abh. Berl. Akad. Wiss., 1877/13; and Zirkel, 
Lehrb. Petrog., 1894, iii., 19. Roth gives the 


average as 2*77) may be taken as about 2-8, while 
vom Rath (vom Rath, Z. deutsch geol. Ges.j 1873, 
XXV., 240) gives the values 2*512 and 2*592 as the 
densities of the glassy crusts of Vesuvian bombs 
of 1872, and Lagorio (Lagorio, Tscherm. Min 
petr Mitth.^ 1887, viii., 475) 2*319 as that of a 
Vesuvius obsidian. V"e may therefore provision- 
al h accept a density of about 2 5 for the Vesuvius 
glass. As to the liquid lava, we have no data; 
but, assuming a densit\ of 2*8 for the solid lava, 
we may conclude from the discussion of Daly 
(R. A. Daly, Anier. four. Sci.j 1903, xv., 277) 
based on Mellard Readers and Barus’ data as to 
expansion, that the molten lava would have a 
density of about 2*35, This does not take into 
account the presence of dissolved gases, w*hich 
would unquestionably lower the density, and at the 
same time decrease the viscosity, very materially. 
It is clearly evident, therefore, that augite cr>'- 
stals, placed in such a leucite tephrite magma, 
w’ould be much more dense than the magma, and 
ivould tend to sink, though the actual sinking of 
many of them would be more or less prevented 
by movements in the liquid, and by the possible 
presence of attached gas bubbles in the upper 
portions of the mass. Anyone w*ho has made 
mineral separations w*ith heavy liquids wdll appre- 
ciate the possibilities of disturbance of a “theore- 
tically” perfect separation, adherent particles of 
the lighter minerals here replacing the gas bubbles 
of the magma. 

But the occurrence of masses of rock of granitic 
texture, without euhedral crystals, or crystals 
formed freely in the body of the liquid, of the 
same composition as &uch crystals formed in what 
must have been a very similar magma and at the 
same volcano, seems to demand the recognition 
of some other factor than gravity, or at least one 
in addition to that of gravity. 

This IS not the place to enter into a discussion 
of the various kinds or causes of difiFerentiation 
that have been suggested, but I must recall the 
case of Shonkin Sag and the explanation of its 
differentiation by fractional crystallisation ad- 
vanced b\ the late Prof. Pirsson, -which, it seems 
to me, Daly has not adequately met by an 
appeal to gravitative differentiation (L. V. Pirr- 
son, Amer. four. Set., 190 x, xi., 12; U.S Geol. 
Survey, Bull. 237, 1905, i88. Cf. Daly, “Igneous 
Rocks and their Origin,” 1914, 223, 238). Pirrson 
and I held much the same view's on these matters, 
and I feel inclined to revive a theory* put forward 
many years ago (Washington, Bull. Geol, Soc. 
Amer., 1900, xi., 409, 414; four, Geol.^ 1901, ix., 
663), chiefly to account for the different t>'pes of 
laccohthic differentiation. This is based on frac- 
tional crx'stallisation, perhaps aided by convection 
currents, as Pirrson supposed, the crystallisation 
beginning at the rough walls, and the crystals of 
this portion (in the present case monomineralic) 
interfering w'lth each other so as to produce a 
granitoid textured rock. Cr\’stallisation of free 
floating cn'stals (therefore euhedral) m the 
magma could, and probably would, also go on 
simultaneously The process is analogous to the 
slow freezing of a bottle of salt solution, which 
begins at the wails, so that dear ice forms above, 
at the sides, and at the, bottom, leaving finally a 
central core of highly concentrated solution. With 
the more complex rock magmas the process would 
be conceivably more complex than this, buLthe 
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same general principles would seem to apply. 
Unquestionably, the influence of gravity might or 
would be felt, especially on the loose floating 
crs'stals, but this would probably have less or no 
effect on the wall accumulations. The process 
IS analogous to Daly’s chilled border concept, but 
differs from this in that, according to Pirrson’s 
and my hypothesis, the border crystallisation pro- 
duct does' not represent the original magma, as 
conceived by Daly, but would be an “extreme 
pole of differentiation,” 

(To foe continued.) 


BRITISH INDUSTRIES FAIR, igai. 

February 21 — March 4. 

In a few days’ time the British Industries Fair, 
London, for 1921, will be opening its doors at the 
White City to the buyers of the world. This will 
be the seventh London Fair, and promises to sur- 
pass its predecessor even as that in its turn added 
to the roll of success. It is estimated that there 
will be some 3! miles of stands displaying British 
goods at the White City. Since its inception in 
1915, the record of the British Industries Fair has 
been one of continuous grow^th in scop^, utility, 
and reputation. Started as a means of promoting 
the manufacture in the United Kingdom of 
articles previously made in enemy countries, the 
Fair made so instant an appeal and received such 
warm support from its exhibitors, that it has 
never looked back, and is now established in a 
predominant position among the great trade fairs 
of the world. The secret of this success is not far 
to seek; the British Industries Fair is a business 
exhibition for business men. Producing trades 
are carefully grouped for the convenience of the 
inspecting buyer, and these groups are again split 
up into sections and so housed and exhibited as to 
facilitate to the utmost a rapid and thorough sur- 
vey of British production in any given line. The 
foreign buyer is invited by the Department of 
Overseas Trade, and invitations only extended to 
bona fide firms and representatives, thus enabling 
both buyer and seller to conduct their business un- 
hampered by a crowd of sightseers. Participation 
in the Fair, limited to manufacturers in specified 
British trades, is both cheap and simple, offenng 
equal opportunities to both large and small firms. 
This yeaPs exhibitors cover both categories, and 
form the most representative body of British 
manufacturers ever assembled. Their names 
alone are a guarantee of the quality of the goods 
to be displayed and their keenness to exhibit is 
shown by the fact that the available space in every 
section of the Fair has been applied for several 
times over. 

The goods to be displayed in the London Sec- 
tion include books, cutlery, silver and electro- 
plate, jewellery, watches, and clocks, hard haber- 
dashery, glassware of all descriptions, china, 
earthenware and stoneware, paper, stationery and 
stationer’s sundries, printing, fancy goods, in- 
cluding travelling requisite and tobacconists’ 
sundries, medical and surgical instruments and 
appliances, leather for the fancy goods, book- 
binding, and upholstery trades, brushes and 
brooms, toys and games, sports’ goods, scientific 


and optical instruments, spectacle ware and op- 
ticians’ supplies, photographic and cinematograph 
apparatus and requisites, drugs and druggists’ 
sundries, musical instruments, furniture other 
than metal, basketw^are. 

The Birmingham Fair also opens on Feb. 21, at 
the Castle Bromwich Aerodrome. The oversea 
visitor will have the opportunity to inspect some 
20 sections covering the trades for which that city^ 
IS world-famous Every type of fitting for lighting 
and cooking, and a wdde range of hardware, in- 
cluding household ironmongery will be on dis- 
play, together with metal furniture and saddlery, 
indiarubber goods and motor accessories. In fact, 
almost every branch of the British metal industry 
will be represented. 

The exhibits at the well-known Kelvin Hall, 
Glasgow, will include textiles of all sorts, ready- 
made clothing, hats, boots, carpets, foodstuffs, 
chemicals, and dyes. This Fair opens and closes 
a week later than the London and Birmingham 
Sections 

So much for the home end of the F air. A good 
show is guaranteed ; w'hat of the use to which it 
will be put.? Never has the foreign buyer had a 
more favourable opportunity for purchasing in our 
markets. The tremendous demand prevailing in 
the home market early last year has fallen to be- 
low normal, contracts have had to be cancelled or 
curtailed, with the result that the British manu- 
facturer has ample stock in hand to meet new 
orders. No opportunity has been missed by the 
Department of Overseas Trade and the organisers 
of the Birmingham and Glasgow^ Sections of 
bringing those favourable conditions to the notice 
of the foreign buyer. 

With the financial support of the exhibitors, the 
Department of Overseas Trade has conducted a 
wide publicity campaign in the oversea press, in 
addition to the normal propaganda activities. Re- 
ports so far received promise excellent results. 
Invitations have been issued to some (^,000 over- 
seas buyers of standing, and the same number of 
illustrated booklets, translated into eight lan- 
guages, have been issued all over the world. 
Liberal use has also been made of showcards with 
the assistance of overseas banks, shipping com- 
panies and the Consular Diplomatic Officers of the 
Department in all parts of the world. Excellent 
reports as^ to the number of visiting buyers have 
been received from Scandinavia, where special 
conducted tours during the Fair are being 
arranged. From the United States, also, the 
prospects of a large number of visitors are favour- 
able. Switzerland, Finland, Canada, and Italv 
are among countries where interest in the Fair is 
also reported as being considerable. Many com- 
mittees, both official and unofficial, in this country 
are studying the question of the entertainment of 
the oversea visitor. During the period of the 
Fair, it is hoped that official foreign commercial 
missions will visit this country as guests of the 
British Government. 

^ The White City not only provides the excep- 
tional floor space necessary for the British Indus- 
tries Fair (35,000,000 cubic feet are available) but 
has the ment of being easily accessible. The ex- 
hibition buildings are grouped between five rail- 
way stations, all giving direct access. Twenty 
minutes by taxi will cover the journey from all 
parts of the West End. ^ 
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THE THEORY OF RELATIVITY. 


No scientific subject has excited so much discus- 
sion in recent years as the Principle of Relativity 
developed by Lorentz, Einstein, and Minkowski. 
Since the work of Faraday and Clerk Maxwell, 
the existence of an all-pervading aether has been 
an accepted doctrine of physical science. The 
aether was conceived as stationary, yet all tests — 
like that of the classical experiment of Michelson 
and Morley — failed to detect the movement of the 
earth through it. FitzGerald suggested that the 
dimensions of the apparatus were affected by the 
movement. On the theory of the electromagnetic 
constitution of matter, Larmor and Lorentz 
worked out mathematically the consequences of 
this view. The conclusion was reached that no 
experiments could ever reveal absolute motion. 
Einstein showed that remarkable consequences as 
to the time and space followed from this proposi- 
tion, necessitating a new mental picture of the 
physical universe. The details of this conception 
constitute his presentation of the Theory^ of Rela- 
tivity. 

Many physicists find it difficult to abandon the 
idea of the existence of the aether as they have 
come to think of it, and do not consider such a 
revolutionary change of thought is necessary as 
is involved in the complete acceptance of the prin- 
ciple. The different aspects of the theory are 
described in the important articles published in the 
special issue of Nature on February 17. The con- 
tributions constitute the most authoritative scien- 
tific statemen on relativity from different points 
of view jet published, and the number will be of 
permanent value. 

The articles will include the following . — 

“A Brief Outline' of the Development of the 
Theory of Relativity” by Prof. A. Einstein. 
‘‘The Michelson-Morley Experiment and the 
Dimensions of Moving Bodies,” by Prof. H. A. 
Lorentz, For.Mem.R.S 

'‘Electricity and Gravitation,” by Prof. H. WeyL 
“Theory and Experiment in Relativity,” by Dr. 
Norman R. Campbell. 

“The Metaphysical Aspects of Relativity ” by Prof 
H. Wildon Carr. 

“Relativity and the Motion of Mercury^s Peri- 
helion,” by Dr. A. C. D. Crommelin. 

“Relativity : the Growth of an Idea,” by E. 
Cunningham. 

“Relativity and the Eclipse Observations of May, 
19 1 9,” By Sir Frank Dyson, F.R.S. 

“The Relativity of Time,” by Prof. A. S. Edding- 
ton, F.R.S. 

“The General Physical Theory of Relativity,” by 
J. H. Jeans, Sec. R.S. 

“The Geometrisation of Physics, and its Supposed 
Basis on the Michelson-Morley Experiment,” by 
Sir Oliver Lodge, F.R.S. 

“Non-Euclidean Geometries,” by Prof. G. B. 
Matthews, F.R.S. 

“On the Displacement of Solar Lines,” By Dr, C. 
E. St. Jolin. 

“The Relation between Geometry and Einstein’s 
Theory of Gravitation,” by Dorothy Wrinch and 
Dr. Harold Jeffreys 

Bibliography of Books and* Pamphlets on 
Relativity. 


CORRESPONDENCE. 

DYESTUFFS (IMPORT REGULATION) 
ACT, 1920. 

To the Editor of the Chemical News. 

Sir, — The Council of the Institute of Chemistrj 
have addressed a letter to the Board of Trade, en- 
quiring ivhether licenses would be necessary* under 
the Dyestuffs (Import Regulation) Act, 1920, for 
the import of small quantities of organic chemi- 
cals (including intermediate products used in the 
manufacture of dyestuffs, &c ), required soleP 
for research purposes. I enclose herewith a copy 
of the reply received. — I am, &c., 

Richard B, Pilcher 
(Registrar and Secretary). 

[Copy] Board of Trade 

(Industries and Manufactures Department 

8th February ^ 1921. 

Sir, — With further reference to your letter of the 
28th January, regarding the Dj^estuffs (Import 
Regulation) Act, 1920, I am directed by the Board 
of Trade to state that, ivhilst it is not possible to 
regard small quantities of organic intermediate 
products which may be required for research pur- 
poses as being outside the scope of the Act, the 
Board will be prepared to issue general licenses 
for the importation of such products to approved 
research institutions, covering periods of three 
months and limited only as to total quantities. 
This procedure will obviate the necessity for 
separate applications for a large number of small 
items, but it will be a condition of the issue of anv 
general license that a detailed return shall be 
furnished at the end of the three months during 
which the license is in oj^ration, of the quantities 
of each product actusilly imported under it. — I am. 
Sir, your obedient servant, 

(Signed) PERCY ASHLEY 

The Registrar & Secretary, 

Institute of Chemistry of Gr^t Britain & Ireland, 

30, Russell Square, W.C. I- 


CHEMICAL NOTICES FROM FOREIGN 
SOURCES. 

Comftes Rendtts Hebdonjtadaires des Seances de 
VAcademie des Sciences. Vol. clxxi , No. 22, 
November 20, 1920. 

Constitution of the Paramolybdates. — M. S. 
Posternak. — Delafontaine showed {Arch Sc. fhys, 
ei natuT.j 1865, xxiii., sf that the composition of 
ordinary ammonium molybdate and the corre- 
sponding salts of sodium and potassium could be 
expressed by the general formula 
3R30. 7M0O3+ N Ag, 

these salts being termed the paramoly dates, in 
distinction to the ortho and metamolybdates. 
The latter are dibasic, whereas the paramolyb- 
dates are hexabasic. Blomstrand * proposed 
MO'^HOMoOaOR)# as the* formula for the para- 
molybdates. Gopaux gave as the formula 
R^tMoOstMoaO,),], botfej-^se expressions dertj- 
ing the salts from a hexavaient . acM 
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(Mo(OH)s), unknown tbem. Rosenheim (Zeit. 
f. anorg. Cketnie^ 1916 , xcvi , 139 ) brought for- 
ward a tbeon' that for the most part the poly- 
molybdates were derived from a hypothetic 
aqueous acid HijlHgOe), each oxygen atom being 
capable of replacement by a bivalent M0O4 or 
M03O7 group, which gives two series of salts of 
more or less saturated acids Hio[H2(Mo04)6] and 
Hi^EHalMoaOy)*]. Ordinary' ammonium molyb- 
date 3iNH4)20.7Mo0a4-4Ha05 under this hypo- 
thesis becomes (NH^lsHsEHstMoOJe], a penta- 
basic salt of aquahexamolybdic acid. This theor\' 
of Rosenheim’s is subject to criticism, for the 
author has been able to prepare ammonium para- 
molybdate in the anhydrous state, shading that 
the 4H3O given by Delafontaine’s formula is w'ater 
of ciy'staTlisation and not as in Rosenheim’s 
formula part of the constitution. The author has 
also prepared two new ammonium salts inter- 
mediate between the para and metamolybdates; 
the mono and triammonium heptamolvbdatcs 
N H4O ( OHhMoO ( O. MoO.)5. MoO, ( OH) -f- H ,0 and 
(NH^Ol.MoOIO.MoOsl.O" MoO^iOH). The con- 
stitution of these salts show that ammonium para- 
molvbdate should be written : — 

(NH40bMoO{O.Mo03)50.MoO{ONH4)34-4H20. 
The author then gives a short account of the 
method of preparation of anhydrous hexa- 
ammoniuiji heptamolybdate, mono and triammo- 
nium heptamoiybdates. 

VoL clxxii., No. 2. January 10, 1921. 

Tetrabasic PoLyikiOLYBDATES— M. S. Posternak. 
— The author in examinng the changes of com- 
position brought about by ammonium phospho- 
moiybdate, arrived at the conclusion that molyb- 
dic acid, in a strong acid solution, contained tetra- 
valent molybdenum, in fact, he prepared tri- 
hydroxyammonium tetramolybdate. 

NH^OlOHlaMoOiO.MoOal^OH+sH^O, 
by mixing 100 cc. of 10 per cent solution of 
ordinary ammonium molybdate with 25 cc. of 2 
normal H3SO4 and lo grms. of ammonium sul- 
phate. This salt loses 5H3O in a sulphuric atmos- 
phere, and still a further H2O w'hen heated in an 
uv'en to i 30 °- i 6 o ®. Rosenheim {ZetUch, f, anorg, 
Ckemie.y 1897, 180) w’ho has prepared the 

same compound, and estimated the water bv 
difference, called the salt an octomolybdat’e 
1NH4 )j0.8MoO*- 4" isHaO, in accordance with the 
old classification of Ullik {Ann. der Ch. nnd 
Fkarm.j 1867, cxhv., 204, 320). The properties 
of this salt are important for the polymolybdate 
theor>\ Dissolved m water, it becomes unstable; 
these aqueous solutions \varmed on a water-bath 
or maintained at 40° in an oven, deposit short 
needles having the composition of a trihydroxy- 
ammonium pentamoiybdate. 

N H 40 { 0 H) 3 . MoO { 0 . Mo 02 ) 40 H, 
an anhydrous salt losing an HjO molecule fiom 
Its constitution on being heated to act- 

ing similarly to all the series of salts having two 
neighbouring hydrox.vl groups. Rosenheim and 
Felix {Zeitsch. f. anotg. Cheniw.j IQ13, Ixxix. 
292) considered it to be a decamolybdate 
(NHJaO. 10M0O3-I-3H2O, 

The mother-liquors on being allowed to crystallise 
give a hexammonium dodecamolvbdate If the 
tetramolybdate is allowed to recrystailise twice in 
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four parts of w’ater at t taking care to filter 
off the insoluble, it is transformed into trihydroxy- 
ammonium tridecamolybdate 

(NH40)3MoO(O.MoOo)nO.MoO(OH)3+i9H20. 


NOTES. 


Institute oe Metals — At the Annual General 
Meeting, March 0 and 10, 1921, the following 
papers are expected to be submitted in the order 
given : — 

Wednesday, March 9 (Morning Session, 10.30 
a.m. to I p.m.) — (i) "‘Stages in the Re-Crystallisa- 
tion of Aluminium Sheet on Heating, with a Note 
on the Birth of Crystals in Stiained Metals and 
Alloys,” by Prof. H C. H. Carpenter, M.A., 
Ph.D., . A.R.S.M, F.R.S., Past-President, and 
Constance F. Elam, Member (London). ^(2) 
"Some Notes on Calcium,” by P. H. Brace (East 
Pittsburgh, Pa., U.S.A.), (presented by Dr. J. L. 
Haughton) 

Wednesday, March 9 (Afternoon Session, 2.30 
p.m. to 430’ p.m.). (3) “Plastic Deformation of 

some Copper Alloys at Elevated Temperatures,” 
by Prof. C. A. Edwards, D.Sc., Member, and A. 
M. Herbert (Sw'ansea). (4) "The Action of Re- 
ducing Gases on Heated Copper,” bv H. Moore, 
O.B.E., B.Sc , Member, and S. Beckinsale, B.Sc. 

( Wtjohvich). 

Thursday, March 10 (Mormng Session, _ 10.30 
a.m to 12.30 D.m J. “The Sealbn"thrartiiTig''-c;f" 
Brass and otheyTopper Allays,” by H. Moore, 
O.B.E,, B.Sc.^ 4 lember, S Beckinsale, B.Sc,, and 
Clarice E. J^allmson, M.B.E., B.Sc. (Woolwich), 
(6) “Constitution of the Alloys of Copper with 
Tin, Paits III and IV.,” by J. L. Haughton, 
D.Sc., F.Inst.P., Member (Teddington) 

Vegetable Alkaloids. — Veiy often, as is known, 
the hydrogen of the hydroxyhe aminic and iminic 
groups IS replaced by alcohol or alcoholic radicals. 
Messrs. Ciamician and Ravenna demonstrate that 
the latter augment the noxious action of the fun- 
damental substances w'hich contain them, but 
when the fundamental compound, non-toxic, is 
normally present in the plant, its derivatives are 
not so. In any case, the most poisonous sub- 
stances are those w’hich best resist the action of 
oxidising ferments and the effect of the organic 
substances on plants should be in relation to the 
resistance they offer to their elimination. — 
Comftes Rendiis, November 2, 1920. 

The Council o-f the University of Birmingham, 
m their Annual Report, state that Sir John Cad- 
man felt compelled to lesigii his professorship of 
mining engineering on his appointment as adviser 
to the Cabinet on questions affecting coal and 
petroleum. As it W‘as not found possible to secure 
a suitable occupant for the Chair, Sir John had 
accepted an invitation from the Council still to 
act as professor in this department and adviser in 
the department of petroleum technology, giving 
: such time to the office as his other duties per- 
mitted, w’ith an honorarium of £500 a year. 

Royal Insiitution.— The Managers of the Royal 
Institution, in accordance wdth the Actonian Trust 
Deed, have aw^arded the Actonian Prize to Prof. 
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G. E. Hale, D.Sc., LL.D., F.R.S , Director o€ the 
Mount Wilson Solar Observatory, for his contri- 
butions to solar physics 

Problems of Modern Science —The principal 
subject chosen for the lecture on “Modern Prob- 
lems in Chemistry” at King’s College (University 
of London), was the development ot the chemistry 
of natural products. The lectuier introduced the 
subject by giving an outline of the history#^ of 
organic chemistry from this standpoint, and 
showed how the ideas of the structure of carbon 
compounds had grown, and how these had been 
applied to the artificial production of many sub- 
stances obtained originally from natural sources. 
After a description of the achievements of synthe- 
tical organic chemistry in this field the lecturer 
explained how recent efforts of chemists had been 
directed to the study of the processes actually em- 
ploxed by the plant. The occurrence of form- 
al deh^^de in the leaves o-f plants had been demon- 
strated and this substance had been artificialh 
produced from carbonic acid and water under the 
influence of light and from carbonic acid by the 
action of magnesium. In this way a probable ex- 
planation was obtained of the initial stages in 
assimilation of carbon by the living plant More- 
over, it had been further shown that formalde- 
hyde may be converted into sugars and thus an 
indication given of how the more complex sub- 
stances of this kind may be produced in plant life 
The nature of enzymes was also described, and 
their probable function in the chemical changes 
taking place in plants was pointed out. Finally, 
the lecturer described the chief problems which 

await immediate solution in this field of research. 

• 

Properties and Constitution of the Group 
OCCI3. — Messrs. Kling and Florentin specify in 
this note the properties of the group OCCI3 which 
they studied subsequently to their researches on 
the products of chlorinated substitution of chloro- 
format-es — Coniptes Rendits^ January 3, 1921. 

Mineral Resources of Great Britain. — The 
Ministry of Agriculture and Fisheries desire to 
give notice of the publication of Volume No. XIV, 
of the Special Reports on the Mineral Resources 
of Great Britain which have been prepared hy the 
Diiector of the Geological Survey in response to 
numerous enquiries that arose through conditions 
brought about by the late war. Price 8s. net. 
This volume contains a brief but comprehensive 
account of the geology of the fire-clay deposits of 
great Britain, with especial reference to those beds 
which are at present employed for the manufac- 
ture of firc-bricks, furnace-linings, and other re- 
fractoiy materials. The industry^ is an old- 
established one, and, especially during the war, 
was of great national importance. The British 
fire-clays arc described according to the counties 
in which they occur, and particulars are given of 
every deposit that is known to be of economic 
value. Fortunately for the country^ there is an 
abundant supply of fire-clay, and the reserves are 
large, while the variety of clays is such that 
almost every use to which the mineral is put can 
be adequately provided for from home sources. 
This volume is a sequel to the Memoir on Silic- 
eous Refractories previously published, and it is 
intended to issue another part containing chemical 


analyses and furnace-tests of many of the best- 
known fire-clays. Copies can be obtained from 
any Agent for the' sale of Ordnance Survey and 
Geological Survey Maps, or through any Book- 
seller, or from the Director-General, Ordnance 
Survey Office, Southampton. 

New Method for Colorimetric Anali-^is of 
Small Quantities of Uranium — This method by 
Muller is based upon the formation of a red com- 
pound with salicylic acid (5 cubic metres of the 
salt of uranyl and 5 of a 2 per cent soda solution 
of salicyclic acid. A uranyl nitrate solution is 
treated in the same manner, and comparison made 
with the Dubose colorimeter. Thus the percent- 
age of uranium can be estimated to about 0*02 per 
cent. The solution must not contain free mineral 
acids, and "even a large proportion of acetic acid 
IS inconvenient Thus acid solutions should be 
treated yith excess of sodium acetate, the acid 
being then eliminated b\\ ebullition. There must 
be no iron. Alcohol and acetone are obstacles. — 
Chimte et Industrie ^ November, 1920. 



This' List is specially compiled for the Chemical Newshy Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W C.2 , from whom all information relating to Patents 
Trade Marks and Designs can be obtained gratuitously * 

Latest Patent Applications, 

3377 — Akt-Ges fur Anilin-Fabnkation — Process for protecting 
animal hbres m treating them wiih alkaline liquids, Jan. 
ft 27th. 

33(^— l^wdeh, C —Manufacture of ortho-nitro phenol and para- 
nitro phenol. Jan. 27th. 

3370— Bawden, C.— Separation of ortho.- and para-nitro chior 
benzines from mixtures thereof Jan. 27th. 

3371 — Douse, D, F.— Manufacture of ethyl-chloroformic ester. 
Jan. 27th. 

2921 — Freeth, F. A.— Production of ammonium chloride and sodium 
carbonate. Jan, 24th. 

3032 — Prager, H. A. — Manufacture of naphthalene compounds 
Jan. 24th. 

3033— South Metropolitan Gas Co.— Manufacture of ammonium 
sulphate Jan. 24th. 

specification published this Wetk. 

1*57573 — Sidgwick, N. V , Plant, S G. P. and Boake Roberts & Co. 
Ltd.— Preparation and manufacture of di-ethyl sulphute. 

Abstract Published this Week. 

Acehc Acid. — Mr. H. Dreyfus of Waterloo Place, London has 
recently been granted a Patent No. 154680 for improvements in the 
manufacture of acetic acid by oxidation of aetaldehyde at 10-20° C., 
the catalyst employ^ is the residue which remains after Igniting 
the carbon from animal charcoal, with or without the addition ot 
s^ium acetate. As the residue mainly con-^ists of calcium and 
magnesium phosphates, it may be replaced by a mixture of these 
compounds with or without small qnautitiesof lime, silican dioxide, 
and fluorides. 

Messrs. Rayner & Co , will obtain printed copies of the 
published specifications and will forward on post free for tbeofficial 
price of i/- each. 


MEETINGS FOR THE WEEK. 

Monday, February 21, 

Royal Society of Arts, 8. Applications of Catalysis to Industrial 
Chemistry,” by Dr. Eric K. Rideal. 

Tuesday, F^truary 22 

Royal Institution, 3. *' Darwin’s "Theory cd Man’s Oiigin fin the 
Light of ]^esent Day Evidence) by Arthur Keith, 

Society of Chemical Industry, (At Glasgow). 

Institution of Petroleum Techs^lfi^ists, 5 30. 

Institution of Eleclncal "Engineers, 7 (At Leeds^tnd 
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Wednesday, February 23. 

Royal Society of Arts, 8. “Premature Elevator*! 

Practice ” by Dr. William Cramp. 

Society of Chemical Industry, 7. (At Nottingham). 
Institution of Electncal Engineers, 7. (At 


Thursday, February 

Royal Institution, 3. Mason Bees V by Frank 
Institution of Electncal Engineers 6. 


Royal Institution, c 
Buchan. 

Physical Society, 5 

Royal Institution, 3, 
by A. Fowled 



Friday, February 25. 

‘The American CiviV W^j|^1>y^*John 

/ 

Saturday, February 26. , 

“ Spectroscopy— Ce)estial^/^pectros( 
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Theory of Auxiliary Valencies 


r CmmuKt News 
L Febtauty a5» 


such salts, or of nearly all, and it is not; since, 
in general, those salts that contain six or more 
molecules of water are not on that account the 
less stable. The foregoing all tends to show that 
the case for the co-ordination number is very weak, 
and we are driven to the conclusion, therefore, 
that some modification is necessary. 

Friend's heterocyclic theory of valency (Friend, 
Trans, Chem. Soc.^ igog, xciii., 1006; and iqo8, 
260, xciii., II 166, 441, 454) has been advanced 
to overcome these difficulties. The ammines are 
discussed and the structure 


^H*:N 


:N 


/K 


\ 


\ 

N 


N-:Ho 


\n/ 

Ha 

suggested for the ammine group. 

This overcomes the difficulty with regard to 
these compounds, and is certainly the most satis- 
factory theory yet advanced. 

In^ dealing with the question of water of crystal- 
lisation, a like assumption has been made by the 
present author, but it seems not improbable that 
the exercisation of some force (hereafter called 
molecular affinity) may hold the hydroxyl ring, 
Werner has credited, for example, the clxlorine 
atoms in MgCh.fiHaO with this property, but to 
say the. least, this is most undesirable, since it is 
necessary under these circumstances to suppress 
the valency of chlorine. On the other hand, no 
such objection can be alleged in the case of the 
ring, since it possesses no free valency. It is 
doubtful, nevertheless, if such a conclusion is 
sound, but it has been included as a possible 
alternative. 

Armstrong suggested that modifications of water 
existed on the assumption that oxygen may be 
quadrivalent, thus : — 


h>-<h 




>OC 

W \0H 

Th« evidence he adduces is certainly worthy of 
consideration, and it intimately concerns the 
question^ before us. A ring structure has also 
been assigned to water (see Kohlrauch, Proc. Roy 
iioc., igo3, Ixxi., 338) 

HO-H 

/\ 

HO-H ^0-H 


HO-H HO-H 

\/ 

HO-H 

Now from an examination of a list of those salts 
toat contain water of crystallisation reveals the 
mterestmg and _ significant fact that the most 
nimerous class is that which contains salts with 
SIX, seven,, or twelve molecules of water. 


HaO 

Per cent. 

HflO 

Per cent 

I 

4 

10 


2 

... 6 

n 

««« 
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8 

12 

« « * 1 » II • » * mmuM 

4 and 8 
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••• 

5 and 10 ... 

IQ 

14 

• * 4 $ * * * • • 

6, 12, 7 

.... 38 

15 


7 

... — 

16 

««« 4 * * * t 4 
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— 

17 

. • « 4 • * • • * 

0 

4 

18 

... «.* 3 



X.6H2O. — If the ring structure be allowed, this 
at once disposes of salts that contain six mole- 
cules of water. For example, the hydrate of mag. 
nesium chloride becomes : — 

H*0*H 


H-O-H H-O-H 
1 Mg- 

H-O-H H-O-H” 

\ > 

HWH 

The considerations for and against this and the 
succeeding structural formulae will appear under 
“Conclusions.” 

X12H2O. — In this case the molecules may be 
regarded as polmerised thus : — 

a(HOH) (]^H)a 


ii(HOH) 


{KOHU 








* * The little evidence that we possess is in 
favour of the idea that those salts ccwitaining 
seven molecules of water, which arc principally 
sulphates, have one molecule in normal combina* 
tion ; — 

■ 




C. 


* * Zinc sulphate loses six waters at 100° 
and the seventh at red heat. 

X.7HaO. — Two possible formulse would seem to 
suggest themselves therefore : — 

(A) 

I Zn— 1 — SO^.HaO 

\/ 

(B) 

HWI 

2 n< >S<=0 / 

^0/ \or: 


\ 


'^H-0 -HcoH-c 3-1I 
H.O*H 
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THE ALLUVIAL DIAMONDIFEROUS 

DEPOSITS OF SOUTH AND SOUTPL 
WEST AFRICA.* 

By FRED. C, CORNELL, O.B.E, 

In 1867^ during a period of the greatest depres- 
sion^ in South Africaj when droughts of excep- 
tional severity had killed off a large proportion 
of the flocks and herds, when a new and greatly 
resented duty upon Colonial wines had practi- 
cally resulted in the loss of the Home market, 
and when, in short, prospects appeared most 
gloomy, a new lease of life was given to* the coun- 
try^ by the discovery of diamonds ; a discovery 
winch, pooh-poohed at first, was soon amply con- 
firmed, and which was to bring about an industry 
of tremendous wealth, and of world-wide im- 
portance. 

The first diamonds were discovered in^ the dis- 
trict of Hope Town, near the Orange River, but 
the bands of adventurous spirits which the dis- 
covery attracted to the spot, soon wandered to the 
banks of the Vaal River, where finds were much 
more plentiful; and it is along the latter river 
and not the Orange, that the principal “River 
Diggings” are to be found. 

At first attention was only paid to the gravel 
adjoining the actual banks of the river, where, 
by laborious hand-washing, and the primitive 
methods of the gold fossicker, a modicum of good 
stones were found, and when, in 1870, the pre- 
cious stones were found in greater abundance on 
the farms, Du Toits Fan and Bultfontein, at a 
considerable distance from them, the deposit was 
still thought to be a nalluviai oncj for I need 
hardly mention that up to that time diamond- 
bearing pipes were^ unknown, and the world's 
supply of the piecious stones, cither from ^ the 
East or from Brazil, had always been obtained 
from gem-bearing gravel. 

And for a time these new deposits were known 
as the “Dri' Diggings” in contra-distinction to 
those near the actual river, and they were worked 
by individual diggers, but it was soon found, not 
only that they were much richer in diamonds than 
the river gravel, but that their matrix was neither 
a gravel nor an alluvial deposit at all. These 
spots, in short, were the rich mines of the Kim- 
berley of to-day, well-defined volcanic pip^s, 
which have since proved of great depth and im- 
portance, and to-day provide the vast hulk of the 
world's output of diamonds. 

Their history does not belong to a paper such 
as this, and I can only touch upon them. For a 
time the individual diggers flocked to them, and 
the River Diggings were almost abandoned, but 
with the recognition of their enormous value came 
the gradual elimination of the digger, -whose place 
was taken by syndicates and companies, cul- 
minating in the huge combine of to-day. 

Meanwhile the squeezed-out digger had drifted 
back to the banks of the Vaal, and for many years 
the district in the vicinity of Barkly West was 
their headquarters. Other small tOAvnships sprang 
into being as the result of “ruches” following the 
finding of good stones, notably at Wmdsorton, 
Hebrop, Klipdam, Pniel, Gong-Gong, and dozens 
of smaller mining camps, but up to 1907 the 
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diggings had practically bc^n confined to Griqua- 
land West, In that year, however, finds in the 
vicinity of Bloemhof, a considerable distance up- 
stream, and in the S.W. Transvaal, led to a 
spread of the diggers in that direction, and m 
igid, an extraordinary rush took place to that 
township, the population of which increased 
■within a few weeks from some 4,000 -whites, to 
nearly 16,000— principally diggers. Finds con- 
tinued to be made even farther north, and it has 
been estimated that this diamondiferous area, 
which extends to Schweizer Rencke, some 35 miles 
farther north, and to nearly as far east as Klerks- 
dorp, covers an area of some 2,000 square miles. 

The principal diggings along the Vaal River, 
therefore, may be roughly divided into the 
“Higher” and “Lower” diggings, and may be said 
to extend from near Klerksdorp in the north, to 
the Junction of the Vaal and the Orange near 
Douglas, in the south and for varying distances 
inland from the banks. 

Along this 200 mile stretch of river the gravel, 
often for miles away from the actual stream of 
to-day, has been bunowed into as though by an 
army of gigantic moles ; heaps of debris, tailings, 
and the scriipulotisly cleaned and graded little 
pebbles that have been sorted over and over again 
as “wash," covering the whole of the country, es- 
pecially in the vicinity of the better-known 
diggings. 

Whilst the permanent river townships, .such as 
Barkly West and others I have enumerated, arc 
the centre of the industry (if it can be called one), 
it is no uncommon thing for the news of a big- 
find some miles away to cause a rush to- that 
locality to the depletion of the permanent settle- 
ments; and these rushes, spasmodic, and seldom 
resulting in many good finds except those that 
called them into being, are the scene of the most 
fevered activity. Tents appear as by magic, 
wagons, Cape-carts, and all sorts of other vchioloh 
arrive and are used as a living place bv their 
digger owners; stores and “hotels” of the flimsiest 
description are run up, and these at any rate 
usually thrive. 

In short, a new digging, or a rush back to an 
old spot long since abandoned (as often happens), 
is the mining camp of the old days of California, 
or of Australia, over again. There is, however, 
but little of the rov^diness that belonged to those 
days, for the diamond digger is as a rule a most 
law-abiding person, and the six-shooter i.s con- 
spicuous by its absence. 

The diamonds are .sparsely and unevenly di.s- 
tributed in the gravel, and their source remains 
undiscovered and still somewhat of a mystery. 
For a time the generallv accepted theory was that 
they had been washed from the Kimberley pipes 
by the Vaal having at some period flowed through 
or over, the latter, and then been spread over the 
country" with the gravel by subsequent floods or 
the changing of the river's course. But this theory 
has long since proved untenable. There is no 
evidence that the Vaal ever actually ran through 
the pipes ; and again, not "only have the diamond 
gi-avels been found far to the north — and up- 
stream — of any of the Kimberley pipes, but the 
diamonds found in the gravel are very dissimilar 
fmm those of^the mines, and easily distinguish- 
able bv.„a;Bri0xperienced eye. 
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Another theory, and one which appears highly 
probable, is that at a very remote period, glacial 
action denuded certain still undiscovered pipes 
of hundreds of feet of diamond-bearing magma, 
which, in its slow journey across the country, has 
been deposited where geological conditions or 
formation have been favourable, and that subse- 
quent fluvial action has effected still wider distri- 
bution, which has culminated near the present 
river. 

Of glacial action there is abundant evidence in 
the vicinity of the river itself, notably near Wind- 
sorton, Hebron, and PnieL Another theory which 
has been advanced by certain geologists is that the 
diamonds were not formed in Kimberlite, but that 
they have weathered o-ut from a peculiar amygda- 
loidal diabase, which outcrops in many places on 
the river bank, and which shows steam vesicles 
filled with agate, chalcedony, and other forms of 
silica in nodules — many of whidi in a loose state 
are found in the gravel in conjunction with the 
diamonds. The gravel, whatever its source may 
have been, presents many features in common ; 
even in spots so widely separated as those of the 
Higher and Lower Diggings, the deposits near the 
Harts River in the vicinity of Taungs, those but 
recently discovered at Rouxville on the Orange 
River, the huge terraces near the mouth of the 
Orange (many hundreds of miles from the last- 
named deposit) and the deposits, so rich in tiny 
gems, of the sandy coast of what was recently 
German South-West Africa. 

In the vicinity of the Vaal River diggings, the | 
gravel varies in depth from a few inches to- as 
many feet, and this “top’^ or superficial “wash/'’ 
which is usually a loose, easily-worked gravel, 
hold together with reddish loamy soil, often covers 
a distinct stratum of a different gravel; generally 
consisting of much laiger stones, or boulders, 
often ten oi twelve feet in depth, very much more 
compactly bound together, and usually of a grey- 
ish colour. In places this lower deposit becomes 
practically a conglomerate; the cementing matter 
being so hardened as to make it extremely difficult 
to break up. But whether “surface” gravel or 
“deep” gravel, the smaller water- worn i>ebbles 
that go to make up the diamond-bearing portion 
of it, are always, and everywhere, practically the 
same. 

They are of agate, jasper, nodules of chalce- 
dony, and other forms of silica, fragments of 
granite, and shale, and above all of banded iron- 
stone, the latter providing the “bandtom” of the 
digger, an “indication” sought by him everj'where. 

The method of searching for the diamonds is, 
with certain local and unimportant modifications, 
practically the same on all the diggings. Dis- 
carding the primitive and laborious process of 
hand-sieving and washing, which is rarely used 
now, except by ^ the very poorest diggcis, and 
which has very little chance of success, the usual 
procedure is as follows. 

The would-be digger, ^ having proved to the 
satisfaction of the Mining Commissioner and 
Diggers’ Union, that he is a fit and proper person 
to hold a license, and having obtained both that 
and a claims, licence, pegs out a claim on the 
chosen spot, which must be part of a “proclaimed” 
area open to digging. The size of tb^ claims 
varies somewhat^ but they .^re usually 30ft. square, 
and the digger is by nd meains restricted to One; 


indeed, granted space be available, he can peg 
out as many as he cares to pay for, provided he 
works them within a specified time. He usually 
employs a gang of some six to a dozen natives; 
these “boys,” as they are called, are usually 
Kaffirs, Xosas, or Basutos, who are to be obtained 
easily in the neighbourhood of the better-known 
diggings, especially in the summer season. They 
are paid a wage which is periodically fixed by the 
“Diggers’ Union,” and is usually in the vicinity 
of .£1 per week, in some cases being supplemented 
by a ration of “mealie-meal.” 

These men are, many of them, expert diggers, 
keen-eyed and not always honest, and usually re- 
quire watching veiy closely. With picks and 
shovels the gang, under the supervision of the 
digger, excavate the gravel down to “bedrock,” 
which may be an actual bottom of shale, or a 
sandy stratum overlying another layer of gravel. 
The loosened gravel is “roughed” through screens 
of large mesh, which reject the larger stones. 
The boulders are thrown aside, and the resultant 
finer gravel is then sieved through a rocking 
machine called a not as most people be- 

lieve on account of its fancied resemblance to a 
cradle, but from the name of the Frenchman 
Bebe, whose invention it w^as. 

This machine is a long, fine-meshed sieve, some 
6 ft. or so in length, by about 2ft. in width, slung 
bv chains from a supporting framework, at a 
slant; the higher end being near the operator. At 
this upper part piovision is made for a jumper 
sieve to rest, and the mesh of this sieve varies 
from half-an-inch to perhaps thiee-ciuarteis. Into 
this sieve the previously “roughed” gravel is 
thrown, usually from a bucket, and the operator 
holding the uppci sieve firmly on the bebe, rocks 
the whole backwards and forwards. The finer 
gravel and sand fall through on to the inclined 
sieve of the hcbCj and travel slowly down it, the 
sand falling through on its way, and only the fine 
gravel being shot from the lower end on to an 
evergrowing heap, which forms the “wash” for the 
next process, while the coarser particles remaining 
in the jumper, are, after a glance for a possible 
Cullinan, throwm aside to make place for the next 
bucketful. The next process, and one which only 
takes place periodically, and when a large amouni 
of “wa.sh” has been accumulated, is the actual 
washing by means of a rotary machine. 

These machines consist of an iron pan, some 
4ft to 6ft. in diameter, and about ift in depth, 
fixed in an extremely stout wooden framework, 
in which a series of spokes or arms, set with 
knives, are rotated by a crank. An inclined 
trough or “feed box” leads to the pan, and into 
this box the wash is fed, but not in a clean state. 
Instead, it is mixed with the necessary quantity 
I of sand, or loam, and water, into a mud, the con- 
sistency of which is a very vital factor in the 
ultimate recovery ^4^ ^any, 4 iamonds. Once the 
“wash” is in progress, th^ is being con- 

stantly worked up in the upper el® the, feed- 
box, and this work, Which is an extreme^ dirty 
and unpleasant task^^ is usually carried on 
or two of the mp^“ experienced n^tives^ who^ cw? 
ve'rl sand, wafe^, and gravel, into a gloftffed mud- 
pie, as they^ feed it into the maw of th^ 
rotating ^nives, f . ' ^ ' 

The Insult of keeping this ajpr^er 

consistency is‘ the 
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lighter stones, kept in suspense by the constant 
rotary movement, run over the edge of the inner 
portion of the pan, and flow away in a sluggish 
stream of tailings, only the heavier stones falling 
to the bottom. A little trap in the lower rim of 
the pan allows of the residue being occasionally 
tapped, and it is in this that the diamonds should 
be found. The final washing and sorting of this 
residue is an extremely important and delicate 
task, and is usually carried out by the digger him- 
self. For this process a specially constructed 
sieve, known as a gravitating sieve, is used, it 
has an extremely rigid steel mesh, and the proper 
handling of it is the culminating test of the ex- 
perienced digger. 

Half filling it with the wash from the tap, he 
holds it quite level and firmly with both hands 
and rotates it just beneath the surface of the tubs 
of water, which form an essential part of his 
equipment, washing away the mud, until in the 
final water, when the gravel is perfectly clean, 
he finishes with a peculiar movement, only to be 
acquired by constant practice, and which has the 
effect of concentrating the heavier pai tides into 
the exact centre of the bottom of the sieve. 

Then with an adroit movement he turns the 
sieve upside down, brings it down with a bang 
upon the sack-covered sorting table and lifts it, 
leaving the clean gravel exposed. If the sieve 
has been properly “thrown, as it is termed, the 
centre will show a well-defined circle of concen- 
trates much darker in colour than the bulk of the 
mass, and if the whole series of operations has 
been properly performed throughout, the diamond 
should be found amongst these comparatively few 
little stones. 


These dark stones are principally composed oi 
pebbles, of banded ironstone, alread:^ 
alluded to as “bandtoms,*^ and of approximately 
the same specific gravity as the diamond, namely 


It will thus be seen that the whole system is 
based upon gravitation, and the gradual elimina- 
tmn of the lighter stones ; and although in addi- 
tion to the rotary washing machines which I have 
described, there are other mechanical contrivances 
for washing and treating the gravel (notably the 
so-called “gravitator”), the principle is practically 
the same. 


The sorting is usually carried out by the digs 
himself, who after a glance at the little circle 
dark bandtorns, carefully scrapes and turns 01 
the stones with a knife or other implement, a 
fhis process continues until the whole of t 
wash'^ has passed through the machines and 01 
the sorting table. 

But the digger must not be disheartened if dt 
and days of this laborious work ends in the “wa? 
proving a blank; he may find not only a hea 
depcKit of accompanying bandtom, but m 
be cheered by the presence of garnet, olivine, a 
ilmenite (called “carbon” by the digger) in his c( 
centrates, but the diamond itself may be aLe 
indeed, not only his first “wash” may prove 
bl^k, but the whole of his claim or claims- a 
yet wrthm a few prds his neighbour may ha 
fo™Me^ ^ turning out a sm; 

so uncertain as diamond diggii 
The distnbution of the stones in the gravel is 
irregular that the finding of several near togetl 


affords no criterion as to the adjoining gravel, and 
there is no form of mining or digging in which 
the element of luck plays such an important pait. 

Small fortunes have been made in a few days 
by a new chum, have been in some cases picked 
up on the surface in the shape of a big and valu- 
able stone, Without a pick having been put in the 
claim; and the adjoining digger may be a man 
giown hoary at the work, who has never found 
enough to do more than baiely pay for the poorest 
food — indeed he may be, and often is, half- 
starved. But in the excitement of a big “find” in 
the vicinitv, such as he arc forgotten, and he in- 
deed usually foigets his bad luck himself, buoyed 
up and encouraged by his neighbour’s luck, which 
will be talked of long after he and the rank and 
lilc of unlucky ones have been forgotten. 

But to return to the jiroccss of sorting. Not 
only has the digger carefully io watch and regu- 
late every process down to the dumping of the 
sieve on the sorting table, but in the sorting itself 
he has to be extremely careful. His eye may l)e 
gladdened by the sight of a glittering stone, with 
its facets as bright as though fresh from the 
cutter, and fully exposed in the centre of the 
sieve — a triumph to his art as a gravitator — or it 
may be that the diamond, if present, is oxidised 
to such an extent as to be unrecognisable except 
to the eye of* an expert; or it may be a splint or 
a “mackel,” or stone of unsymmetrical shape, and 
be thrown to the outside of the sieve, instead of 
being in the centre. The eye, tiled with the con- 
stant attention of hour after hour of such work, 
can easily miss such stones as these, or in a 
moment of inattention they may be swept off the 
table with a handful o-f worthless gravel. Should, 
however, a find be made, the diamond, if at all 
oxidised, is placed in a bottle of hydrofluoric acid 
and allowed to remain in it during the night, after 
which it will be found perfectly clean, though it 
is often by no means bright, but dull and cloudy, 
until it has ultimately passed through the hands 
of the cutter. 

(To be continued.) 


NOTE ON AUGITE FROM VESUVIUS 
AND ETNA. 

By HENRY S. WASHINGTON and H. E, MERWIN. 
(Concluded from p. 80.) 


On such a hypothesis the formation, either 
simultaneous or successive, of a granular pyroxen- 
ite, composed of closely packed and adherent, 
anhedral crystals, and free-floating, tnihodral cry- 
stals, is readily understandable; more readiiy 
thus, it seems to me, than on a hypothe.sis based 
purely on the influence of gravity, It also serves 
to explain, as that of gravity dcKJS not, such ex- 
amples of vertical, tubular differentiation as those 
of Magnet Cove and Mount Johnston, Quebec, 
which are impliedly regarded bv Sucss as analo- 
gous to “piping” in a steel ingot (Suess, “The Face 
of the Earth/ igog, iv., 559 * Cf. H. S, Washing- 
ton, Jour Geol,^ 1901, ix., 607; F. D. Adams, 
Jour. Geol, 1903, xi., 254). 

But we are getting far away from our little 
augite crystals. Let us pass on to those of a near- 
by volcano, Etna. 
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Aii<gite of Monti Rossi ^ Etna. 

The loose crystals of augite that are found in 
9undancc in the ashes and tuffs of Monti Rossi, 
)rmed by the ei option of i 06 q, and elscwhcie 
round Etna, would seem to have been among the 
rst augites to be studied. They were described 
3 early as 1783 by Rome de LTsle, a few years 
iter by Dolomieu (1788), and by Spallanzani 
bout 1792. It may be of historic interest to cite 
ere Spallanzani’s analysis, which seems to have 
een the first, or among the first, of the analyses 
f these augites (Spallanzani, ‘‘Viaggi alle due 
icilie,” (i) chap, vii. (p. 172 of Milan ed., 1825). 
n a (somewhat pathetic) note referring to the low 
ammation he says : “It must be noted that, apart 
:om the almost unavoidable loss m manipulation, 
nd that of the moisture present in the schorls, 
le lime is here deprived of the acid with which 
. was originally provided (combined).”). He 
ound : “free silica 34*5, lime 187, iron 7*6, 
lumina 12-4, magnesia ii*o, sum 84'2.” It will 
e seen that, imperfect as the analysis is from the 
lodein standpoint, Spallanzani determined the 
resence of all the most essential constituents, 
nd approximately in their relative order of 
bundance. 

Physical characters. — The augite crystals exa- 
lined were obtained in July, 1Q14, by Dr. Day 
nd me in the ashes of the western summit of 
lonti Rossi, near Nicolosi. Though they do not 
ppear to be as abundant as they weie in Spallan- 
ani’s day, yet a handful was readily collected in 
alf-an-hour. 

The habit is the usual one, like that of the cry- 
tals of Vesuvius and Stromboli, though they are, 
n the whole, somewhat smaller, and with a de- 
idcdly greater tendency to prismatic dcvelop- 
aent, some of them being three times as long as 
hick. They are boumled by the planes <z(iqo), 
’(010), ;;i(no), and j:(iii). The ordinary' contact 
wins (twinning plane «(ioo)) seem to be rarer 
ban at Vesuvius or Stiomboli. They are jet 
>lack, and the faces are lustrous, much brighter 
han those of the Vesuvius crystals, though close 
‘xamination shows that they are not flat planes, 
)ut are as if the crystals were cracked, so that 
hey do not give good reflections for the gonio- 
neter. For this leason no crystallographic meas- 
irements w^ere made. 

In powder or particles under the microscope 
hey are of a greenish-grey colour, without pro- 
lounced pleochroism. The refractive index j 3 
/aried from 1710 to 1715; the highest value of 
* was 1735, ^nd the lowest of a was 1702- Thus 
he chemical analysis is probably very closely 
represented by the values : 

asai704, /3«I7 ii, 7-1732. 

The extinction angle is high, but was not deter- 
mined, as the cleavage is poor and it was not 
thought worth while to grind a section parallel to 
b{o\o). 

The specific gravity of the crystal fragments 
used for the analysis, determined with a pycno- 
meter, was 3’373 leferred to water at 22°. 

Chemical composition, — The loose crystals ap- 
pear to be very pure, except for patches of a sili- 
ceous material (which was readily removed by 
dilute hydrofluoric acid). Small grains of yellow 
olivine project frep the surfaces, but they are 
not found in the interior of the crystals. After 


crushing a batch of crystals to small fragments for 
analysis, all these olivine pai tides were carefully 
removed by repeated search under a binocular, 
and the material used for analysis is confidently 
believed to have been free from them. The cry- 
stals, however, contain a small amount of mmute 
inclusions of magnetite, which it was impractic- 
able to remove entirely. Treatment with a mag- 
net of about 0*6 g. of the powder analysed showed 
that this was present to the extent of 3*94 per cent 
and in column 2 of Table II. the anlysis is cor- 
rected for 4 per cent of magnetite. 



Table 

11 . 



SiO, 

I 

... 47-80 

2 

50-09 

3 

47*63 

47*38 

A12D3 ••• 

3*55 

3 * 7 t 

0-74 

5*52 

1* C203 

... 4-17 

1*47 

n.d. 

5*52 

FeO 

... 5-98 

4-96 

11*39 

7 89 

MgO 

... 13*40 

14*01 

12*90 

15*26 

CaO 

... 21-49 

22-48 

20*87 

19* 10 

NagO 

0*70 

073 

n.d. 

n.d. 

K2O 

0*01 

o-oi 

n.d. 

n.d. 

H3O+ ... 

T1O2 

. . 0*21 

... 2*02 

0*22 

2*1 I 

0*29 

n.d. 

0*43 

n.d. 

MnO 

0*20 

0-21 

0*21 

0* 10 

Sp. gr. ... 

99-62 

100*00 

100*03 

9 Q -53 

3*373 


2*886 

2-935 


1. Augite, Monti Rossi, Etna. Washington analyst. 

2. bame, corrected tor 4 per cent of magnetite. 

3 Augite, Monti Rossi, Etna. S van Waltershausen analyst. 

Btiia, 1880, II, 490. 

4. Augite, Monti Rossi, Etna. Rammelsherg analyst. Pogg. Ann., 
2858, lull, 43^' 

Only five or six published analyses of these 
augites are to be found, and all suffer from the 
same defects that were pointed out in the case of 
the Vesuvian augite, that is, non-determination of 
titanium and alkalies, and, in many, non-separa- 
tion of the iron oxides. 

Discussion. — Any extended discussion of my 
analy.sis is unnecessary here, and will be reserved 
for a future occasion, in connection with those of 
other Italian augites. It may, however, be of in- 
terest to give the composition of the Etna augite 
in terms of the usual molecules, which is as 
follows (No. 1) : — 


I 

z 

70-0 

i6*5 

8o* I 

1*5 

none 

none 

7’ 5 

7*0 

7*0 

5*0 

5*4 


CaMgSiaOo 
CaFeSiaOe 

CaSiOa 

(Mg,Fe)Si03 ... 

(Mg,Fe)Al,SiOe 

Na(Fe,Al)SiaOe 

It will be seen that the j::^iua augiie \i) is com- 
posed very largely of diopside and hedenbergite 
molecules, with a little wollastonite and acmitc, 
and a small amount of the aluminous Tschermak 
molecule. In general it much resembles the 
augite {2) of Stromboli (Kozu and Washington, 
Amer. four. Set,, 1918, 'itlw.; 468), though this 
carries somewhat less of the diopside molecule 
and considerable hypersthenc instead of wollas- 
tonite. The respective refractive indices are as 
follows : — 


Augite, Etna , ^ = 1704, I 3 = iyii , 7-1735. 

Augite, Stromboli, *=1*693, 3 = 1*699, 7=1719, 
This is not the place to discuss the differences,' 
but it may be mentioned that the higher indices 
of the Etna augite are to be connected with its 
higher wollasonite and titanium content, which 
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seem to more than counter-balance the higher 
ferrous oxide of the Stromboli augite. ^ The 
Stromboli augite, furthermore, is slightly higher 
in magnesia, which would tend to lower the re- 
fractive index. On the whole, it may be said 
that the chemical and optical data for both of 
these augites are quite in accord, and bear out 
observations made on the pyroxene molecules 
generally. — American Journal of Science January, 

ig2i. 

BENZYL ALCOHOL FOR TOOTHACHE.* 

By DAVID 1 f MACHT, M.D. 

In 1918, I announced my discovery of the local 
anesthetic properties of benzyl alcohol, or phen 
methylol, and published both pharmacologic and 
clinical data on the subject (D. I. Macht, Jour. 
Pharmacol, and Exfer. Theraf.^ April, 1918, xi., 
263}. I found that solutions of that drug in con- 
centrations of from I to 4 per cent by volume, in 
physiologic sodium chloride solution or in dis- 
tilled water, furnished a satisfactory local anes- 
thetic for general surgical work, on the one hand, 
and that &nzyl alcohol was at least forty times 
less toxic than cocaine, on the other. It was 
found that solutions of phenmethylol produced 
efficient anesthesia, especially when infiltrated in 
the tissues, either alone, or, still better, combined 
with small doses of epinephrine. On application 
to mucuous membranes, solutions of benzyl alco- 
hol produced also a distinct anesthetic effect, but 
the anesthesia is very superficial and does not :i^ne- 
trate into the deeper layers of the tissues. It was 
found that a much better anesthesia of mucuous 
or skin surfaces could be produced by application 
of pure benzyl alcohol.^ Pure benzyl alcohol can- 
not be injected into living tissue for the same 
reason that pure ethyl alcohol cannot be adminis- 
tered in that way; it leads to local necrosis. 
When applied to mucuous surfaces, however, the 
drug is not irritating and produces a 'marked 
anesthetic effect, 

1 undertook experiments with a view of en- 
hancing the penetrating power of benzyl alcohol 
when applied to mucuous or skin surfaces, it was 
found that when the drug was mixed with certain 
lipoid solvents, the local anesthesia after its appli- 
cation extended mofe deeply below the surface. 
Among the most satisfactory of such solvents were 
found to be xylene and chloroform, especially the 
latter. 

In the present note I wish to call the attention 
of the general practitioner to the very satisfactory^ 
minor use of benzyl alcohol. I have found, as 
have others, that benzyl alcohol either alone (loo 
per cent), or, still better, when mixed with an 
equal part by volume of chloroform, furnishes a 
mbst efficient an<^^ie for toothache, when intro- 
duced on a pledger^f -cotton into a tooth cavity, 
or applied to an exposed nerve. The relief ob- 
tained by the use of such drops is marked and 
almost instantaneous, and is also long-lasting. I 
^ware of any other drug, with the excep- 
cocaine, which is more efficient in relieving 
tootache. As benzyl alcohol is the least toxic of 
all the well-known local anesthetics, the repeated 
and free use of such a combination as was des- 
ct^ed above is free from the objections which are 

of the Jolitiis Hopkins University. 


for Toothache 

laised by the employment of cocaine, and it can 
be administered with impunity even to small 
children. It is for this reason that it was deemed 
worth while to publish this note in order to ad- 
vise the medical practitioner of simple remedy for 
the relief of one of the most excruciating forms 
of pain. — American Journal of Pharmacy , 
January, 1921. 


PROCEEDINGS OF SOCIETIES, 

ROYAL SOCIETY. 

Ordinary Meeting j February 3, 1921. 

Prof. C. S. Sherrington, Presidentj in the Chair. 

The following papers were read : — 

^^Tke Field of an Electron on Einstein^ $ Theory 
of GrauitationP By G. B. JEFFERY, D.Sc. 

The metrical properties of the space surrounding 
an attracting point mass are given by the line 
element : — 

where arc polar co-ordinates, c is the velo- 

city of light and 

* 2kw 

jc being the constant of graviiatiTTrrTmd m the 
mass constant of the singularity. 

In the case of an electron wc have a singularity 
of both the gravitational and electric fields, and 
Nordstrom has shown that the line element is of 
the same form, but that a new term occurs in ?*— 

ZKm 
I — ^2^ 

where f is the charge constant of the hingularily. 
This result is obtained by a different method, and 
equations are obtained for the motion of a single 
electron about an atomic nucleus. It appears that 
the orbits are strictly periodic, with a rotation of 
the apse line. 

If a ray of light passes througdi the field of the 
electron, provided that the distance of closest 
approach is not too small, the ray is deflected to- 
wards the electron. For closer approach, how- 
ever, the sense o-f the deflection is reversed until 
in the limit the ray is reflected back again along 
its original path. 

Finally, these I’csults are used to ascertain 
whether any possible electric field of the sun 
would produce a measurable effect on tlic crucial 
phenomena of Einstein’s theory. It is found that, 
while the sun’s electric field would tend to 
diminish the displacement of the spectrum lines, 
the field required to produce compensation is of 
the order of 10'® volts per cm. at the sun's surface. 
This value is taken to be far beyond the bounds 
of possibility. 

M Physical Theory of Stellar SiectraP Bv 
M. N. Saha, D.Sc. • 

A theory of thermal ionisation (and partly of 
thermal radiation) of gaseous elements has been 
developed and applied to the explanation of the 
ionisation observed in the solar chromosphere, and 
the absence of certain elements from the Fraun- 
hofer-spcctrum. The. was based upon the 
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Proceedings of Societies 


application of Ncrnst’s theorem of the reaction- 
isochore for chemical equilibria towards the prob- 
lem of ionisation, which is regarded as a so-rt of 
reversible chemical action between the atom, the 
electron, and the atom which has lost one electron 

Ca Ca+ -\~e — Ui). The energy of ionisa- 
tion Ui is calculated from the ionisation-potential, 
which IS deduced either from the convergence 
frequency of the principal series in the spectra 
of elements or from the experimental work of 
Franck, McLennan, and others. 

In the present paper, the theory has been ex- 
tended towards a physical explanation of the 
ordered gradation in the spectra of stars. The 
stellar data, particularly those accumulated by 
Harvard College Observatory, are discussed from 
the standpoint of the present theory, and it has 
been shown that the varvung spectra of stars can 
be explained as functions of a single physical 
variable, viz,, the temperature of the stellar 
atmosphere. To take a typical example, the 
K-iine which is due to Ca+, just appears in the 
Mb class, marking that Ca-atoms have just begun 
to be ionised at this stage. The g-linc which is 
due to Ca disappears from above the Bg class 
marking that all calcium has become ionised at 
this stage and upwards. The K-linc of Ca + dis- 
appears at the Od class showing that from above 
this stage we have neither Ca nor Ca+ atoms but 
only Ca'^'+ ... atoms. Similar calculations are 
made for Mg^-, Sr, Sr+, He, He+, and H, The 
temiieratures obtained for the different spectral 
classes are quite concordant and in good agree- 
ment with the numbers obtained by H. N. Russell 
from other considerations. 

*^T/ic JJltra-microscofic Structure of Soaps” By 
W. F. Darkk, J. W. McBain, and C. S. Salmon. 

1. The ultra-microscopic observations of Zsig- 
mondy and Bachmaim have been confirmed, inter- 
preted, and extended. Their observations referred 
almost entirely to- soap curds, not gels or sols, 
for the latter usually exhibit in the ultra-micro- 
scope nothing except Brownian particles, and that 
only under definite conditions. 

3. ^ The cinematograph has been employed as 
an aid in elucidating the formation and disappear- 
ance of the various structures observed. 

3. Curds of sodium soap consist of a felt of 
hydrated fibres enmeshing, and in equilibrium 
with, a soap gel or gel of definite concentration, 
the ^lubility rising rapidly with temperature. 
The individual fibres may be many cm. long, but 
they are barely of microscopic diameter. 

4. Potassium soap solutions, on cooling, first 
develop fibres which are similar to those of the 
sodium soaps, except that they are only a few 
hundredths of a millimetre in length, and that they 
have a strong tendency to form twins. The stable 
condition at room temperature is, however, the 
formation of innumerable tiny lamellar crystals 
of hydrated soap. 

^ 5.^ The hydrogen soap, cetyl-sulphonic acid, is 
similar to the potassium sdaps, but the particles 
of colloidal cetyl-sulphonic acid are very much 
’more prominent 

^'■Linear TransforimUons and. of 

Fositive Type” By J. D.Sc. ... 

The paper contains devdopments 6^ theg^ 

of linear functional tran^fg^l^j^ions as 


by F. Ricsz in his paper, 'TJntersuchungen fiber 
Systeme integrierbaur Funktionen” [Math, Anna- 
leitj Ixix., pp, 44Q-4Q7) The developments are 
made with a view to the expansion of a function 
k{Sj i), which is obtained by subjecting a function 
of positive type, y to linear transformations 

with respect to the variables, in terms of bi- 
orthogonal and orthogonal systems of functions. 
The results obtained include as particular cases 
the expansions of the two symmetrisable functions 
K (Sf t) ^ a fsj y (St t) and k (s, t) = 

pb 

J a (^5, x) y (x, t) dx 

w'hich were given in my communication printed in 
Proceedings^ A, xcvii., pp. 401-403. 

SOCIETY OF PUBLIC ANALYSTS. 

Annual General Meeting^ February 2, 1921. 

Mr. Alfred Smktiiam, President, in the Chair. 

The President delivered Uis Annual Address. 
The following were elected as Officers and Council 
for the ensuing year : — 

President — Alfred Smethani. Past-Presidents — 
Leonard Aichbutt, Edward J. Bevan, A. Chaston 
Chapman, Bernard Dyer, Otto Hehner, Samuel 
Rideal, E. W. Voelcker, J. Augustus Voelcker 
Vice-Presidents, — W. J. A. Butterfield, C. A. 
Keane, G. Rudd Thompson. Hon. Treasurer-^ 
Edward Hinks. Hofi. Secretaries — P. A. Ellis 
Richards, E. Richards Bolton. Other Members of 

Council F. W. F. Arnaud, B. A. Burrell, F. H. 

Carr, R. L, Collett, C. H. Cribb, Norman Evers, 
P. J. Fryer, J. H, B. Jenkins, S. E. Melling, 
G. W. Monier-Williams, Raymond Ross, C. J. 
IL Stock. 

Ordinary Meeting^ February 2, 1921. 


Certificates were read for the first time in favour 
of Messrs. Jules-Cofman-Nicoresti, Walter K. 
Fletcher, William Singleton, Francis G. H. Tate. 
James Darnell Granger, Ph.D., F.LC., Russell 

G. Pelly, F.LC,, Ed. B. Maxted, Ph.D. (Berlin), 
B.Sc. A certificate was read for the second time 
in favour of Mr. W, R. Schoeller, Ph.D. The 
following were elected. Members of the Society; 
Messrs, Urban Aspey, Herbert Corner Reynard, 
B.Sc. (I-ond.), A.LC., Edwin Burnhope Hgghes, 
B.Sc., (Lond.), A.LC., Harry jepheott, M.Sc. 
(Lond.), A‘.LC., Arnold Lees, A.LC. 

The following papers were read : — 

'’^lodmteiric Determination of the Diasiaiic 
Power of Malts,” By J, L Baker, F.LC. and 

H. F. E. Hultc^'Frrer" authors make use 

of the quantitative oxidation of maltose te malto- 
bionic acid by means of jbdine in the presence of 
sodium hydroxide, an#* details for working . the 
estimatioiif* together with results 

'tainedW^ the sam^amples by this -and the Ling 
jn^ods. Thjr advantages claimed fon^.diis 
method 'are greater accuracy with which the 
iodine tit^ion may ‘be carried out as compared 
with Fe^ng^ solution^ the elimination of an ex- 
ternal indicator, »d the possibility of 
ficiahTight lot , ^^tration, , " ' ‘ ^ ? 
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^^Extract of Red Squill (Scilla maritama) as a 
Hat PoisonJ^^ By F, W. SMITH, B,Sc., A.I.C. 
\fter considerable practical experiment with 
5irierent preparations of various types of squills, 
the author found that the most effective form of 
squill rat poison was that prepared in water from 
an alcoholic extract of the fresh bulb of the red 
squill {scilla maritama)^ and that salicylic acid 
may be used as a preservative without fear of 
hydrolysing the glucoside. 

^'The Composition of Harrogate Mineral 
Waters.” By William Lowson. The author 
gives a summary of the analyses carried out in 
connection with Prof, SmithelPs recent general 
survey of the Harrogate mineral waters, and for 
comparison a table of analyses dating back some 
ninety years. 


NOTES. 


Sir John Cass Technical Institute.— The 
Annual Prize Distribution was held on Thursday, 
February lo, when the prizes were distributed by 
Sir Frederick Black, K.C.B., who subsequently 
delivered an address on '^Liquid Fuel in Peace 
and War.” The Chairman of the Governing 
Body, the Rev. J. F. Marr^ in giving a summary 
of the work of the Institute during the past 
session, stated that the total number of students 
was 1060, a higher figure than in any previous 
year, and an increase of over 50 per cent on the 
previous session. An important development of 
their work th^ hoped to be able to realise shortly 
was the initiation of courses of instruction on 
petroleum technology, adapted to the needs of 
those already engaged in the industry. ^ They had 
received vei^ helpful encouragement in connec- 
tion with this project from representative members 
of the industry, and it was considered that the 
Institute was exceptionally well situated for the 
development of this branch of applied science. 
In the course of his address, Sir Frederick Black 
said that whilst the United Kingdom had become 
an important consuming centre of petroleum pro- 
ducts, it was at present only on a comparatively 
small scale that petroleum, either natural or de- 
rived from shale or coal was produced in this 
country. So far as manufacture or refining ’was 
concerned, much more work of that nature was 
likely to be undertaken at home, and it was pro- 
bable that home production would also increase. 
Large British companies interested in oil had 
their headquarters and distributing agencies here 
though their ^ wells and refineries were mostly 
situated in distant countries. The scientific and 
technical training of men for oil work, geological, 
chemical, and engineering was already undertaken 
at such centres as Birmingham University and the 
Imperial College of Science at South Kensington 
in particular, where complete courses of instruc- 
tion were given, similar to those in the mining 
profession. The Sir John Cass Institute, whilst 
not expecting to compete with such centres, hoped 
very shortly to arrange courses of lectures for 
some of the staff of the oil companies, which 
should aid them in the efficient discharge of their 


duties. The Governing Body had prepared a 
scheme, modest to begin with, but capable of ex- 
tension, and some of the largo oil companies were 
assisting in working out the scheme and^ were 
favourably disposed towards practical help in the 
cost involved. After briefly describing how the 
products of petroleum used for fuel were obtained, 
Sir Frederick proceeded to give a general descrip- 
tion of their use in internal combustion engines 
and for steam raising. If the war had not^ abso- 
lutely discovered any entirely new application of 
petroleum products, it had enormously developed 
their use and established their importance on land 
and sea and in the air. He touched upon the rela- 
tive advantages of oil and coal for marine pur- 
poses, and the methods of handling, ai\d made 
special reference to the progress in the building 
of motor-driven ships since the arrival of the 
“Selandia” in the Thames in tqu created so much 
interest Great attention was being given, 
only to the opening up of new sources of supply, 
but to such important matters as the elimination 
of waste on the oil fields and in the use of liquid 
fuels. Oils that admitted of co-mplete refining 
into such products as motor spirit, lighting and 
lubricating oils should be. so dealt' with, in pre- 
ference to burning the more valuable fractions for 
steam raising, if a heavier oil not capable of such 
complete refining could be made available. He 
hoped that the new work to be undertaken in the 
Sir John Cass Institute would not be without use- 
ful result in respect of some at least of these 
problems. 

The General Report on the Industrial and 
Economic Situation in Germany in December, 
if)2o, recently issued by the Department of Over- 
seas Trade, was sold out within a few days of 
I publication. A further edition has been printed 
and the Report (Cmd. 1114) can be obtained, price 
gd. (post free loid.) on application to H.M. 
Stationery Office, at the following addresses ; 
Imperial House, Kingsway, London, W.C.2; 28, 
Abingdon Street, London, S, W. i ; 37, Peter Street, 
Manchester; i, St. Andrew's Crescent, Cardiff; 
23, Forth Street, Edinburgh; or from E, Pon- 
sonby, Ltd., u6, Grafton Street, Dublin. 


Under the title ‘T*' amous Chemists : the Men 
and their Work,” Messrs. George Routledge & 
Sonsj Ltd., will shortly issue a new work by Sir 
William Tilden, F.R.S. The volume contains 
an account of the lives of 21 of the most famous 
discoverers in chemistry from Robert Boyle to 
Sir William Ramsay, and will be liberally illus- 
trated. The selection of names has been made 
in accordance with a definite scheme which is ex- 
plained in the preface, and the treatment is chiefiy 
biographical. Information has been derived from 
original sources, some of which have not hitherto 
been accessible to the English reader. An attempt 
has been made to give not only a picture of the 
men and their achievements but also to trace the 
social and political conditions of the times in 
which they lived, so as to show something of the 
relation of discovery in physical science to the 
progress of civilisation. As it will be entirely free 
from technicalities, it is hoped that the volume will 
be acceptable not only to scientific people, but 
generally to the reading public. 
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To Detect the Presence of Molybdene Some 

crystals of xanthogenatei of potassium and a few 
drops of strong acid are added to the neutral cold 
solution. There is then a yellowish colour from 
free xanthogenic acid, followed by red and violet 
With small quantities of molybdene the colour is 
red. With large quantities of molybdene, black 
oily dro^ are precipitated. Heat prevents re- 
action. The reagent can be made with a mixture 
of carbon sulphide and alcoholic potash, but the 
solid commercial product keeps well. The 
coloured product is soluble in ether, amyl acetate 
and chloroform. It is preferable to eliminate the 
salts of Cu, Co, Ni, of ferric iron, o-f hexavalent 
Ur although the colouration they give is very 
much less than that from molybdene. Va2,Os UO3 
WO3, do not impede reaction. Oxalic acid’ does! 
Thus s/iooo of a mgrm. of Mo can be detected. 
Lhimie et Industrie j November, 1020. 

Alsace.*— In a very exhaustive report, M de 
Retz, technical director-general of the potash 
mines under sequestration, estimates at 14,000 | 
metric tons of potash salts per diem the tonnage 
which can be supplied daily in four or five years 
by the 17 shafts now being sunk in the Mulhouse 
basin, if the growth of the staff follows develop- 
ment of the plant. An annual production of 
four million tons of sylvinite with 700,000 tons of 
pure potash would thus be obtained, but the area 
of the prospected deposits will permit of a greater 
production, and there is no doubt that grantees 
will not hesitate to sink new %hzits.—DEngrais. 

Analysis of Ammoniacal Nitrogen in Fertili- 
sers — Calcic cYanamide is usually classed 
amongst amnioniaral fertilisers. From the agii- 
cultural point of view this is admissible, but not 
from that of the commercial. In a humid atmos- 
phere cyanamido quickly changes, and then con- 
tains a large quantity of diryanamidic nitrogen, 
and It has^ been noted that dicyan amide clearly 
delays nitrification of the ammonia from calcic 
cyanamide. It is therefore desirable that the per- 
centage of dicyanamido in this product should be 
as little as possible, and it is necessary to be able 
to analyse the percentage of ammonia in a com- 
plex fertiliser with a base of calcic cyanamide and 
ammoniacal salts. According to Messrs. Froide- 
vant and Vandenberghe (Chimie ct Industries , 
November, 1920) the ordinary process based on 
distillation in presence of magnesia is not applir- 
able in this case. They dcscrilxj another method 
employed with succc.ss, based upon the action 
exerted by a cold concentrated soda lye and sub- 
sequent disengagement of ammonia. The appara- 
tus consists of a stoppered bottle, 125 cubic cm. 
m capacity, placed in a crystalliser. There are 
three necks in the bottle through whi<'h a tube 
runs to the bottom and communicates at the higher 
part with a washing bottle containing an aqueous 
sulphuric acid solution to absorb atmospheric 
ammonia. A tube in the second neck is furnished 
with a cock to introduce the soda lye. The third 
tube IS bent twice and 30 cm. high. The last tube 
IS to retain projections of alkalin|j .solution during 
passage of air. ^ 
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Latest Patent Appheations. 

3848-- Briscoe, H. V. A. — ^Separating solids by crystallization from 
solvents. Feb. ist. 

3^42— Diiclaux, J,— Treatment of esters. Feb. ist, 

4100— Lindsay Light Co.— Manufacture of thorium compounds. 
Feb. 3rd. 

j 3949~Soc. I’Air Liquide. — Synthesis of ammonia, Feb. and. 
specification published this Week, 

* 58 i 30 ^Davis, C. T.— Imperviously covered solid or tablet pharma- 
ceutical or chemical preparation. 

141758— Soc. I’Air Liquide.— Processes for the production of 
hydrogen peroxide. 

AbsUact Published this Week. 

Btehomates.-^Mr. R. L. Datta of Calcutta, India, has recently 
obtained a Patent No. 154810 in this country for an improved method 
of obtaining bichromates. Sodium and potassium chromates are 
converted into their respective bichromates by the addition of the 
corresponding acid sulphate, For example, by adding sufficient 
potassium hydrogen sulphate in the form of a coarse powder to the 
hot solution of potassium chromate, all the latter is converted into 
potassium bichromate. After filtering, the solution is concentrated , 
when potassium sulphate separates. From the mother liquor after 
all sulphate is removed, potassium bichromate is obtained by 
crystallization. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free :mr tbecfiicia 
price of 1/- each. 


MEETINGS FOR THE WEEK. 


Monday, February 28. 

Royal Society of Arts, 8. 

Tuesday, March 1.5 

Royal Institution, 3. Darwin’s Theory of Man’s Origin " by Prof 
Arthur Keith. 

Institute of Chemistry. (Annual Meeting). 

Kontgeu Society, 8.15. 

Wednesday, March 2. 

Society of Public Analysts, 8. ’’ Acidity of Ink and the action of 
Bottle Glass on Ink *' by C, Ainsworth Mitchell. “ Detection 
of Adulteration in Butter by means of the Melting-Point of the 
Insoluble Volatile Acids" by George Van B. Gilmour. 
" Method and Appartus for Routine Determination of Melting 
Points of Fats and Fatty Acids" by S. H. Bhchfeldt ana 
T. Tbornley. 

Royal Society of Arts, 4.30. 

Thursday, March 3, 

Royal Society, 4.30. Discussion on “Isotopes," opened by Sk 
J. J. Thomson. The foHowing also will probably speak;— 
Mr. F. W. Aston, Prof. F. Soady, Pr^. T. R. Merton and 
Prof. F, A. Lindemann. 

Royal Institution, 3. “ Mason Wasps" by F Balfour Browne. 

Chemical Society, 8. 

Friday, March 4. 

Royal Institution, 9. "Severn Crossings and Tidal Power" by 
W. A. Tait. 

Royal Society of Arts, 8. 

Society of Chemical Industry. (At Manchester and Cardiff). 
Saturday, March 5. 

Royal Institution, 3. “Electricity and Matter" by Sir Ernes 
Rutherford. 
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THE THEORY OF AUXILIARY VALENCIES 

AND “WATER OF CRYSTALLISATION.” 

By H. T, F. RHODES. 

(Continued from p. 8y.) 

It is necessary, before proceeding directly to 
‘Conclusions,” to make allusion to a paper which 
had escaped the present author’s nbtice until the 
time of writing this second part (see J. Macleod 
Brown, Chemical News, cix., No. 2833, p. 123). 

The paper credits copper with quadrivalency, or 
oxygen with a like valency, and assigns to the 
quinquehydrate of copper sulphate the structure : 

«OH 

.0. 1 >HOH— HOH 

< > S «0<( I or 

^O^ I \H0H— HOH 

OH 

• o 

' HOH—HOHv I /Ov 11 /OH 

I >Cui/ >S< 

HOH-^HOH-^ rO^ ^OH 

The paper favours formula 2^ since in this case 
the copper ion is more evenly balanced. Formula 
I is substantially in agreement with the author’s 
conclusions except that oxygen is definitely made 
quadrivalent ; a conclusion which is certainly 
allowable and even probable. The paper, how- 
ever, claims for formula 2 an analogy with quad* 
rammine cupric sulphate to which has been 
assigned the structure : — 

O 


Cu 


N- 

N- 


N 


)>cu! 


/0 \«/OH 


H Hi, . 

Here a difficulty presents itself, since granting 
this, to quinqamm'ne cupric sulphate, the follow- 
ing structure must be assigned : — 


H« H. 


N- 

I 

N- 

h‘ 


i> 

_N/ 

H« 




There is no evidence to support the view that 
one ammine group is separate from the others; 
and indeed, its method of hydroxyl substitution 
step by step is opposed to the idea. Again it will 
be obvious that if the formula 


Ha 

N- 


Hb/ 

N 


Hs 
— N 
-N 


Xo 


> 


O 




be assumed, a compound of the formula 

O 


H., H, 


«H:N< 


OH 

OH 


should exist; and no such compound is known. 
This would seem to be a fair statement of the case 
for the quadrivalency of copper which, it must be 
admitted, is not strong. 

The assumption that the copper atom is 
mechanically retained within a ring of five NHs 
groups is open to the same objection. It seems 
necessary to assume, therefore, by a process of 
climiniation, the structure : — 


Ho H 


8 


Cii( 


N N- 

I 

N N 

H, H* 


N : Ho or 


H« 


Ha 

/n, 


o ri/ \n •; H 


N:H.. gX 

N : H,/ \0 


\oN 

That assumes molecular affinity or the quadri- 
valency of oxygen. Upon this supposition 
Cu(NH#) 4S04.H20, becomes: — 


O 

/O II yOH 

Ko/ <oh' 


Hb 

Hb 

N 

N 

1 

^ 1 or 

N — 

— N 

h;, 

Hh 


Hb 
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OH 
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O 


Ha 


OH 


which is analogous to Formula i and ^-indirect 
but strong evidence (if analogy is in this case to 
be allowed) in favour of these structures either 
of which would seem to be compatible with the 
behaviour of the salt on ionisation. 

ConcUisio7is, 

Werner, by his assumption that the chlorine 
atom in ammonium chjoride was mechanical Ir 
attached to the nucleus seems to agree with the 
principle of the earlier theory of Kekul6. 

Kekul^s theory at least possesses the advantage 
of simplicity, a simplicity that was destroyed when 
the term “auxiliary valency” came to be employe^d,^ 
for it has proved increasingly difficult to distin- 
guish between the two kinds of affinity, and now, 
therefore, it is necessary to assume either that 
valency must suffice for all, or that recourse must 
again be had to some theory free of those de§ui- 
tions by which Kekul^^s theory has been paraJpJ^. 
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The disadvantage to Kekul6’s hypothesis lies 
not so much in the theory itself as to its attempted 
application to compounds that are more easily 
explained by the law of valency. The application - 
of such a theory to water pf crystallisation is 
reasonablCj but its application to ammonium 
chloride — since nitrogen is known to be quinque- ' 
valent in some cases — is unnecessary and absurd 
The fact that ammonium chloride begins to dis- 
sociate at 350® C. does little or nothing to support 
such a contention ; nor can it be adduced as evi- 
dence in favour of instability. (It is impossible 
to judge ammonium salts by a standard to which 
they are unqualified to conform. It is perhaps 
undesirable to regard them as ‘^stable” or '^un- 
stable,” but for our purposes an analogy could 
justly^ be sought in such a compound as (SO^Cla). 
In this sense the ammonium salts are extremely 
stable. Nor must it be forgotten that at least is 
per cent of ammonium chloride remains undisso- 
ciated at 1000° C.j and that sulphuric acid com- 
pletely dissociates at 450® C.). 

The difficulty of Kekule’s theory lay in the fact 
that It requires the assumption that the affinity 
increases as the number atoms, and this, of course, 
IS not the case, but by combining it with the 
heterocyclic theory of valency this difficulty 
disappears* 

At the same time it has to be admitted that in 
some ca^s the stability appears to increase as the 
complexity : the alums are an example : 


M.r. 

ai;{soj,{nhj,so,.24H,o 200° 

Fe,(S0J,(NHJ,S0,.24H,0 730° 

Rh,(SOJ,(NH.),SO,.24HsO uo° 

This is admittedly a difficult question and no 
satisfactory explanation can readily be founffi 
The "gravitational” theory holds , but this in- 
creased stability is not true of all salts. The 
assumption, on the other hand, that in the alums 
this affinity and true valency operate together is 
not convincing, and is further open to the ob- 
jection that if the two forms of affinity operate in 
one case there is no good reason why they should 
not operate in all. But it seems necessary to 
assume that some additional force is at work in 
these cases, and beyond this little can be said. 

Space forbids a detailed discussion of a sup- 
^sed nmlecular property whose principal claim 
for consideration lies in the fact that it cannot be 
confused with valency; but the point that no dog- 
matic statement is made with regard to it, cannot 
be too strongly emphasised. It is merely a trial 
hypothesis that is convenient in its application to 
some compounds whose powers of valency are 
doubtful ; and if an alternative be necessary, some 
such ih^rv as that which has been outlined seems 
advisable in order that confusion mav be avoided. 

It IS desirable to add some remarks with regard 
to those hydrates which have already been dis- 
cussed. 

X.6HjO — It has been assumed in the case of 
magnesium sulphate that the metallic atom is 
mechanically retained within the ring: so that the 
mteresung question presents itself as to whether 
t IS justifiable to regard the water as being in 
chemical combination with the salt; and in this 

m«hanicar°But combination is 

mecnamcal. But if this general structure is to be 

allowed. It will not hold for all cases sinL two 
modifications of chromium chloride are known to 


exist. These can be explained by the inclusion 
within the ring of chlorine. 


a form 

HOH HOh 

Cr~ Cl 
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-C 1 - 2 H .0 
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-C 1 


HOH 


-Cl*2Hj,0 


HOH 1 HOH 

\ I / 

Cl 
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In the alpha form all the chlonne can be re- 
moved by piptation, while in the beta variety but 
a third. Theoretically three isomers of the beta 
form are possible, but this does not mean, of 
course, that they can be isolated. It is known, 
however, that the alpha salt passes into the beta 
form when the temperatui'c is elevated, which 
seems to suggest that the lattei is more stable; 
the formulae assigned suggest this. 

There remains an alternative for those salts 
that contain seven molecules of water, thus : 

yHOHs^ 

.HOH HOH. OH 

\Lo 

0\ / I 

\ HOH HOH / OH 

^HOH / 



If the molecular affinity be disallowed this 
structure, by analogy with the ammines, seems not 
improbable. No retardation of the metallic ion 
appears to have been noticed in the case of zinc 
or copper; and indeed, Kohlraucli alludes only 
to the salts of sodium, lithium, barium, and potas- 
sium. This question as to the position of the 
ring is one of interest, and some experimental 
work is now in progress with a view to arriving 
at some conclusion with regard tO’ the matter. 

Ephraim and Bolle {Ber., 1Q15, xlviii , 1770, 
1777) appear to have arrived at the conclusion that 
the stability of some ammines depends not only 
in:)on the metal, but also upon the acid group, and 
their conclusions seem indirectly to support the 
structure assigned above. This does not mean, 
of course, that no other conclusion is possible ; 
and, in fact, the explanation advanced by these 
investigators is different. 

Baker {Proc. Ckem. Soc., iqoq, p. 223) has also 
assumed that in the case of the ammine that a 
chain of ammonia molecules divides the anion 
and cation. Allusion is also made to possible 
isomerism, apparently of a tautomeric nature, but 
exactly what is meant docs not appeal to the pre- 
sent author satisfactorily to emerge. 
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X5H2O. — These salts have already been fully 
liscussed and further allusion to thena seems to 
>e unnecessary. 

Bihydrates and terhyd rates seem to call for no 
^articular comment, and since there seems no 
eason for doubting the tervalency of chlorine 
mder some circumstances, the structure assigned 
s open to no objection. 

X15.H2O, — It may here be observed that upon 
.he assumption of a double ring, at least the ‘He” 
sulphates which contain this proportion of water 
:an be classified : — 



Conclidsion. 

No apology is necessary for the ring structure 
of water, since it has already been advanced, and 
has at least met with sufficient popularity to be 
included in some text-books. Its application to 
those salts that contain six molecules of water 
ieems natural, and it would certainly be difficult 
to find a more satisfactory explanation ; but grant 
ing the ring structure in general, the question of 
■^within” and ‘‘without” the ring is of great impor 
tance It is probable the position of the ring 
varies with different salts, but since the aim of 
this paper has been only the discussion of some 
general principles, this aspect of the question has 
not been elaborated, and will ultimately be made 
the subject of another paper. 

The author cannot close without his acknow- 
ledgments to those chemists whose papers have 
been mentioned, and in particular to the excellent 
paper of Dr. Friend. 


CUPROUS OXIDES BY REDUCTION. 

By V. V. SARMA. 

Cuprous oxide is usually prepared by reduction 
of an aqueous solution of alkaline cupric salt with 
glucose. In this process the yellow powder that 
is first formed, rapidly changes into red cuprous 
oxide. Yellow cuprous oxide is also precipitated 
when an alkaline hydroxide is added to a solution 
of cuprous chloride in hydrochloric acid ; but the 
same transformation into the red variety is effected 
at once if the solution is hot. 

Reference to previous literature shows that the 
best method for preparing yellow cuprous oxide 
is by reduction of a cupnc salt by means of 
hydroxy lamine in presence of alkali. Also when 
a copper salt is reduced by Fehling^s solution, the 
character of the precipitated cuprous oxide de- 
pends on the projxirtion of tartrate solution used. 
With excess of tartrate, red crystalline cuprous 
oxide is formed, and with little tartrate the 
cuprous oxide is yellow and amorphous (/,€.$. j 
1919, Abstracts ii., p. 155)- 


An attempt was made to prepare yellow 
cuprous oxide by the ordinaiy method of reduc- 
tion of a cupric salt with glucose m presence ot 
an^ alkali. The reduction was effected at the room 
temperature, in all c^es 25° to 30° C. ^ If the 
glucose solution is added after the addition of 
alkali to the solution of the cupric salt, the colour 
of the precipitated oxide will range from orange 
to brick-red according to temperature. If the re- 
duction takes place m hot solutions, brick-red pre- 
cipitates is at once formed. At the room tempera- 
ture transformation into the red variety takes 
place slowly. 

A slight modification, however, in the method of 
reduction ivill produce the yellow oxide. If the 
glucose solution is first stirred into the cupric salt 
solution and then the mixture made alkaline with 
sodium or potassium hydroxide, a rich yellow pre- 
cipitate without the least tinge of red colour is 
formed in a short time. Once formed, the yellow 
cuprous oxide is very stable; the solution may be 
heated to boiling and the dry substance may be 
heated to nearly iso^ C. without loss of colour. 


' Experimental. 

The yellow precipitate was washed with cold 
water, dried at no® C , and percentage of copper 
determined by (i) oxidation to cupnc oxide, and 
(2) reduction to copper in a current of hydrogen. 
In (i) 0*6853 grm. of the yellow powder gave 
07033 grm. of black cupric oxide. This gives 
82*02 per cent, of copper in^ the yellow oxide 
0*6322 grm. of the black oxide obtained above 
gave, on reduction with hydrogen, 0*5062 grm. 
of copper corresponding to 80*05 per cent of 
copper, and showing that the yellow powder was 
completely oxidised to black cupric oxide. 

In (2), 0*4736 grm of the yellow oxide gave, 
on reduction with hydrogen, 0*3916 grm. of 
copper, which corresponds to 82*69 per cent of 
copper in the original substance. 

In another experiment the dried yellow product 
was repeatedly shaken with ether until no change 
was observed. The ether was removed, and, afte 
drying, the substance was gently heated out oi 
contact with air until it became completely red. 
0*4214 grm. of this red oxide gave, after reduction 
with hydrogen, 0*3728 grm. of copper, correspond- 
ing to 88*45 per cent of copper, and showing that 
the red substance formed is almost pure, cuprous 


oxide. 


Conclusion, 


The yellow substance formed by reduction of an 
alkaline cupric salt with glucose does not seem 
to- be pure cuprous oxide. It appears to contain 
an appreciable amount of cuprous hydroxide 
which persists even after heating the substance 
to 110° C. That the yellow substance contains 
another compound of copper in addition to 
cuprous oxide is shown by its behaviour towards 
some common reagents On boiling it with water, 
a small portion of it remains suspended in water 
after the boiling is discontinued, while most of 
It settles down as a granular powder. The 
heavier portion is not so bright in colour as the 
lighter one, and when to this suspended porticm 
a drop or two of dilute sulphuric acid is added, 
a clear and colourless solution is formed. On 
adding ammonia, the solution remains'^ colourless 
but becomes blue on standing, showing t^t 
ammonis*'’^*®^ <5iinrous salt was at first formed. On 
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adding dilute sulphuric acid to the heavier sub- 
stance, It behaves in the same way as red cuprous 
oxide, giving a solution of cupric sulphate and 
copper. 

When the yellow powder is shaken with ether, 
a small portion of it dissolves in ether, and gives 
a bluish-green solution. The substance that re- 
mains loses its brightness, and becomes dull 
yellow in colour. When it is gently heated in a 
test-tube, a thin green coating is formed on the 
cooler portions of the tube — evidently a portion 
of the substance that dissolved in ether — and red 
cuprous oxide remains behind. Ether has no 
action on red cuprous oxide. 

The characteristic behaviour of the yellow oxide 
indicates that in addition to the 2 to 3 per cent 
of water that the dried product may contain 
{J.C.S.j 1919, Abstracts ii.), it is mixed with an 
appreciable amount of cuprous hydroxide. Also 
conditions of formation being favourable, yellow 
cuprous oxide is as stable as the red variety up 
to a pretty high temperature. 

Note, — If cane sugar is used instead of glucose, 
only red cuprous oxide is formed, irrespective of 
temperature and method of reduction. 

Govemmern College Laboratory, 

Rajahmnndry, South India. 

January 15, 1921. 


THE ALLUVIAL DIAMONDIFEROUS 
DEPOSITS OF SOUTH AND SOUTH- 
WEST AFRICA.* 

By FREB.C. CORNELL, O.B.E. 

(Continued from p. 90.) 

The digger is bound to keep a register of all dia- 
monds found by him. He can sell them to a 
licensed diamond buyer on the spot, or may ob- 
tain a permit to export them and sell them over- 
seas, or he may obtain a license to hold them him- 
self. He cannot even give them away without a 
permit, and in such cases the recipent must also 
obtain a licence to hold them. 

But the digger is usually an impecunious being, 
and his finds are generally sold to a licensed dia- 
mond buyer on the spot. The buyers, as a rule, 
attend the principal diggings periodically, and 
their advent is generally signalled by the hoisting 
of^ a flag at the local hotel, or some such pro- 
minent rendezvous. 

Here, rooms are set apart for their use, each in- 
dividual buyer occupying a separate office, where 
the prospective seller may interview him in 
privacy. In some of the centres, a row of tiny 
huts, about the size of bathing boxes, and each 
well apart from its neighbour, serves the purpose 
of the visiting buyers, and on their arrival — 
usually in a body in motor cars — each little hut 
flies the pennant of some well-known dealer. And 
the digger can take his choice; he may, if he 
chooses, go from one to another and try to obtain 
a better price for his treasure trove than the fir^^t 
dealer has offered him, but as a rule, so good a 
judge is the average buyer, and so fair is the 
price he offers, that little good is done by chaffer- 
ing. And the regular digger soon becomes a cus- 
tomer of one particular firm of buyers. Of course 
there are exceptional cases, when extraordinarily 

fine stones have been found, or when the digger - 

as is occasionally the case — puts a fictitious value 
upon his hard-earned find. Or, again, there are 
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cases when the buyer is anxious for a particular 
variety of stone to make up a parcel for Hatton 
Garden, and when he will pay an exceptional 
price for the class of stone he needs. 

Of course all stones are weighed minutely, as a 
rule not only by the buyer, but by the digger him- 
self; then again not only size, but colour, shape, 
and purity are factors in the value of the gems. 

With the exception of so-called ‘^fancy’^ stones, 
which are stones of a pronounced colour, and are 
very rare, the most highly-priced diamond is the 
so*-caUed ‘^blue-white”; a white stone of excep- 
tional purity and with a suggestion of blue in its 
brilliant and liquid scintillescence. But these are 
seldom met with, and the digger is well content 
if his find is of the puie and colourless variety, 
known as the “Cape White.” Many of the larger 
stones are slightly brownish or yellowish in tint, 
and these do not command the price of the white 
stones; though a brilliant canary yellow or an 
orange coloured stone would command a very high 
price, as a fancy stone. 

The price of diamonds has naturally fluctuated 
considerably during the long life of the diggings : 
some twelve years since it was at its lowest ebb, 

and diggers could hardly dispose of their finds. 

During this period of depression small white 
stones of good quality only fetched about 35s. per 
carat, and the usual poverty of the diggings be- 
came terribly accentuated. 

To-day, in common with every commodity, the 
price has gone up, and the same class of stone 
fetches about £s pei' carat. Against this 

'increase in price, however, there is, of course, the 
increased price of labour, etc. In addition, a 

Government tax of 10 per cent, has been levied 

upon all stones registered; and this impost has 
hit the digger very hard. In the early days 
of the diggings, the digger was usually 

either an old gold prospector from any of 
the ends of the earth, or one of Kii)ling’s 

“Legion that never was Listed,” a younger 
son who had been sent out to the Colonies 

either to “make good” or disappear. Often, as 
far as the home folks were concerned, he did the 
latter, reappearing under an entirely dilTerent 

name on the diggings. There are some ciassica] 
instances of this metamorphosis of young ne^cr- 
do-wells of England, who, partly by luck on the 
diggings, and partly by push, have become mag- 
nates, plutocrats, and even Empire builders, in 
the country of their adoption. But the average 
digger has remained a poor man, indeed a very 
poor man. The po.ssibilities open to the first- 
comers have long since disappeared. To-day, 
and indeed from the date of the amalgamation of 
the mines, his lot has been that of a labourer, a 
picker up of unconsidered trifies. In sight of him 
are the mineheads of De Beers, and though he 
may in his scramble for the crumbs that fall from 
the rich man^s table, occasionally pick up not a 
crumb, but a plum, his chance of doing so is 
remote. 

Then, again, there h usually a tendency 
amongst diggers who have struck a rich patch 
whilst working with a modest gang, immediately 
to launch out on a larger scale; and expensive 
machinery and a long wages bill often coincide 
with bad luck and a long blank, and the embryo 
Diamond King” has to sell out at a ruinous cost 
and begin at the bottom again. 
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Another favourite ambition of the digger is to 
try his luck in the actual bed of the present river, 
which has been found in places to be extremely 
rich in diamonds. This can only be effected in 
the dry season when the river is at Us lowest. 
Usually small syndicates are formed by a few of 
the lucky ones, who^ have made a little money, 
and as the river begins to fall, dams, o-r “break- 
waters,” as they are termed, are pushed out from 
the banks to enclose the chosen “pot-hole.” This 
work is expensive, and has, to be carried out 
rapidly, and often before it can be completed, a 
sudden flood from late rains up-country may have 
swept it away. Should, however, the enclosure be 
completed, the water is pumped out, and work 
carried on in the mud and ooze of the actual bed. 
Work of this description is not only unpleasant, 
but often dangerous, as the river sometimes rises 
very lapidly, and in the attempt to save valuable 
machin-eiy and gear fiom a rising flood, diggers 
and their natives have often been swept away and 
drowned. Still it is only fair to add that many of 
these “pot-holes” have proved extremely rich, and 
there are not a few successful men on the diggings 
who have taken ten or even twenty thousand 
pounds’ worth of stones out of a “breakwater” in 
the river bed duiing the few weeks the river has 
allowed them to work. 

There are other methods of working the giavel 
besides those I have described, for instance, in 
places a very deep deposit on a lise may be 
quarried, or “open-faced,” as it is termed, and the 
face thus exposed will often show a number of 
distinct stiata of gravel, apparently deposited at 
different periods by recurring floods, or by the 
fiequent changing of the liver’s course in the re- 
mote past. 

Occasionally these deeper deposits are worked 
by meaiis of shafts and drives, and the operation 
is then in the nature of mining. 

As the result of good linds in “deep ground” of 
thi.s nature, or where a Veiy heavy deposit of 
gravel has been pnwed over a large area, small 
companies have from time to time been formed 
to work the gravel on a large scale; but few of 
these have been successful, and abandoned build- 
ings, and rusted machinery and gear, can be seen 
in or near most of the diggings of to-day, a 
melancholy proof that the Vaai River diggings 
are a poor man’s proposition, and never likely to 
pay dividends on a large capital. Better luck 
has attended the large companies such as the New 
Vaal River Company, the Pniel Company, and 
others which have taken over very large areas of 
alluvial, and who sub-let claims to the digger, 
receiving a ccitain royalty on all flnds. Certain 
of these companies have large pumping stations 
of their own, whence the water is conveyed in 
pipes to parts of the diggings 1 emote from the 
river, doing away with the laborious process of 
“riding” water to the claims, which has to be re- 
sorted to on the ordinary Government ground. 

Up to the outbreak of the war the population 
of the River Diggings had fluctuated between 
some 3,000 and 5,000 whites, and about three times 
that number of coloured men, but since the war, 
and the opening up of new fields, there has been 
an enormous influx of new diggers, many of them 
returned soldiers; indeed, in some cases Govern- 
ment assistance has been giyeh to eflable dis- 
charged men to make a start at this most pre- 


carious of livelihoods. The population is an ever- 
varying one, men out of employment staking theii 
last few pounds on this gigantic “wheel of for- 
tune,” men who have come to try their luck for 
a week or two, and have remained a life-time, 
many indeed who have never had luck enough to 
enable them to get away ! And in addition whole 
families of the “poor white” type, men, women, 
and children, uneducated, uncouth, and miserably 
poor, all engaged in the search for diamonds. 
Unfoitunately, poor as is the general luck, the 
life is a fascinating one, and the saying “Once a 
digger, always a digger,” is a very true one. For 
men who have had hard luck for years, even ii 
they strike it rich at last, seldom go away ; or ii 
they do, drift back again in a very short time. 
Indeed, the life unfits a man for any other occupa. 
tion. 

In the foregoing description of the diggings I 
have chosen those of the Vaal River as being the 
more extensive and better known, and fairly typi- 
cal of all the others. 

There are several smaller alluvial diggings, in 
the vicinity of the Premier Mine, north of Pre- 
toria, at Mahura Muthla, near Kuruman, on the 
Harts River near Taungs, and notably on the 
Orange River near Aliwal North. 

Those at Rouxville, near the latter place, hav< 
recently produced very fine diamonds, but the 
principal deposits there are in the hands of a com- 
pany, and do not call for description here. Suffice 
to say that the company in question has been a 
success bo far, and has proved that in spite of the 
failure of similar concerns on the River diggings 
to which I have alluded, under certain condition? 
a company or syndicate has a better chance than 
the individual digger. 

Diamonds have also been found near the Orange 
River at seveial places down stream, below its 
juncture with the Vaal, and it may well be thai 
the diggings will eventually spread in this direc- 
tion. Indeed, at the little known lower portion 
of this river, which near its mouth runs through 
an extremely wild and mountainous country, and 
where it forms the boundary between Litth 
Namaqualand, Cape Province, and the newly 
acquired territory recently known as Germar 
South-West Africa, there exist colossal terraces 
consisting of gravels identical with those of the 
diggings, but very much more highly concentrated, 
At a spot about fifty miles from the sea, when 
the river emerges from a series of narrow caflonJ 
which has penned it in for some hundreds oi 
miles, and reaches open country a^ain, these 
terraces have culminated in veritable hills, two 01 
threse hundred feet in height, and consisting oi 
layer after layer of wonderful gravel. 

Here the lower strata have become practicalh 
a conglomerate bound together with lime, pre 
seating a precisely similar appearance to the ver> 
rich deposit recently found at Rouxville, fully ^ 
miles upstream and almost at the opposite side 
of South Africa, 

At these huge beds diamonds have been pickec 
up by the natives, but owing to their remoteness 
and difficulty of access, very little real attempt 
has been made to test them. Still, owing to 
wonderful concentration, these deposits may vea:> 
possibly some day prove a new and 
rich spurce of the diamond. . , * ; n ' ^ 
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I have laid particular stress upon these gravels, 
as they appear to form a connecting link with the 
diamondiferous deposits upstream, and those of 
the recently-discovered deposits on the coast o-f 
what was recently German South-West Africa, 

These deposits were first discovered in 1907, 
when the sands of Luderitzbucht, a little desolate 
seaport on the coast north of the mouth of the 
Orange were found to be full of small glittering 
diamonds. At first the story was scoffed at, for 
there had been a German settlement there since 
1884, and no one had ever heard or dreamed of 
diamonds being there. But diamonds they proved 
to bcj and the deposit at Kolmans Kop, quite close 
to the settlement of Luderitzbucht, soon proved to 
be but one of many, indeed they have been pro-ved 
to exist in varying quantities practically all up the 
coast from a little north of the Orange River well 
nigh to Walfish Bay. 

The whole coast is a dreary and desolate one, 
bare sand dunes stretching for many miles inland; 
It IS waterless, and with the exception of Luderitz- 
bucht, was, at the time of the discovery, quite un- 
inhabited — indeed, uninhabitable ! 

The diamonds, which are very small, and very 
brilliantly polished by the constant blowing sand, 
are found in a surface deposit of sand and grit. 
They are so uniform in size as to give the impres- 
sion of having been graded, as indeed they 
apparently have, by the action of both wind and 
water. And though the main deposits have been 
found at some small distance inland, rather than 
on the^ present beach, there is evidence that the 
coast line has been gradually rising, and that they 
came from the sea. 

Farther transportation has been effected by the 
prevailing wind, which blows with great force 
during most of the year, and is the cause of the 
shifting sand dunes, which are a feature of the 
country, and which blows pebbles, grit, sand, and 
even diamonds impartially. 

Of the many deposits located, by far the richest 
is at Pomona, south of Luderitzbucht, where the 
lucky first-comers literally filled their pockets with 
little diamonds. And everywhere along the coast, 
in close proximity to the diamonds, are found 
pebbles identical with those of the River Diggings 
I have described, smaller, it is true, but having 
undoubtedly a common origin. 

And the theory, held by many geologists, is that 
the diamonds were, in common with gravel, at 
one time washed down the Orange and into ’the 
sea, whence the north-east setting currents have 
borne them along the coast, and the tides have 
deposited them where they are found to-dav. 
Another theory is that they have been washed up 
from a pipe in the sea, but this would not account 
tor the gravel, and it is also a fact worth noting, 
that the size of the stones is larger near the 
southern extremity of the fields, near the Orange 
Kiver, and becomes smaller and smaller at each 
successive field as one journeys north, 
in any case, and whatever their origin, their 
discoverer proved a godsend to the German Ad- 
ministration of the country, which had been a 

German Government. 

ssi's*. 's's”” 

flocked to Ludentebucht. where 
nlw i -V™ condensing plant had to supply the 
only dnking water, except that obtained frorn the 


ships, and where conditions were as unfavourable 
either fo^r prospecting or digging as can well be 
imagined. 

In spite of this, and at risk of their lives, men 
spread up and down the coast, and extraordinary 
finds were made — many of them to be confiscated 
bv the German officials; and within a month or 
so of the first finds, the Deutscher Bank in Luder- 
itzbucht had an enamelled bucket three parts full 
of the precious stones, which had been placed in 
their keeping pending a decision as to the rightful 
owners. 

To add to the general confusion many claimants 
for certain valuable portions of the coast now put 
in an appearance, their claims being generally 
based upon old concessions granted by natives 
prior to- the taking over of the land by the Ger- 
man Government ; and many such claims had 
never been registered, as the land had always been 
considered worthless. 

In addition to the^^ claimants, several large 
companies laid claim to the land, others dug up 
long-forgotten clauses in their charters which gave 
them a right to “minerals,” and in some cases 
even specified “precious stones should such be 
found,” and in the midst of this confusion new 
companies were continually being formed. ^ So 
for a time chaos reigned, during which the licen- 
sed prospector was at a great diadvantage, since 
he never quite knew in pegging a claim whether 
his title to it would in the end hold gcx)d, 

And he, as had been the case in Kimberley 
nearly forty years earlier, gradually di.sappcarcd, 
giving place to various companies, amongst which 
the better-known, Nrsuch as Kolmans Kop, and 
Pomona, had proved, when war broke out in 1914, 
highly productive. The stones are very small, 
ranging from one-quarter to an eighth of a carat, 
but are good quality, and up tO' August of that 
year about 5,400,000 carats had Ixien extracted, of 
an approximate value of ninc-and-a-qiiarter 
millions sterling. The output was strictly con- 
trolled by the German Government, and the sales 
limited to a little over a million carats annually. 

(To be continued) 


THE PHYSICAL CHEMISTRY OF BASIC 
SLAGS. 

By CECIL H. DESCH, D.Sc., 

Professor of Metallurgy m the University of Sheffield, 

Any account of the physical chemistry of basic 
slags at the present day must of necessity be 
largely a confession of ignorance. AVe arc still 
unaware, in spite of much excellent research woik 
on the subject, of the form in which tlic principal 
components are combined in the slag. TJie 
chemical analyses indicate the proportions in 
which the metallic and non-mctaJlic oxides occur, 
and the sulphur percentage i.s also kifown, but 
there is much difference of opinion as to the 
nature of the silicates and phosphates which com- 
pose the slag, and as to the nature of the sulphides 
which occur m it as minor constituents. Large 
and very perfectly formed crystals have been 
isolated in certain instances, but it is not clear 
that these are identical with the usual constituents 
of massive slags, or even that they are mineralogi- 
cally homogeneous substances. As an illustration 
of this last point, the case of the large and 
annarentlv oprfprtlv nl 
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found in tap cinder from the puddling process 
may be mentioned. Microscopical examinations 
of these plates in transverse sections proves them 
to be intergrowths of fayalite and ferrous oxide 
or magnetite, resembling the ‘‘colonies” of eutectic 
in white iron, which also have the appearance of 
definite crystals, but have been shown by Prof. 
Benedicks to consist of two constituents, closely 
intergrown. 

The essential components of basic slag are the 
oxides of iron, manganese, calcium, magnesium, 
silicon, and phosphorus, whilst sulphides of cal- 
cium and manganese, and calcium fluoride, may 
be regarded as accessory components. Only one 
state of oxidation need usually be considered, but 
iron may present itself either in the ferric or 
ferrous form. 

As a starting point, the excellent investigation 
of acid open hearth slag by Messrs. Whiteley and 
Hallimond may be taken (J, H. Whitely and A. 
F. Hallimond, /. Iro 7 i and Steel Inst.j 1919, i., 
199), It is shown by these authors that iron occurs 
chiefly m the form of the orthosilicate, FcaSiO*, 
fayalite, with which the corresponding manganese 
compound, MnaSiO^, tephroite, forms solid solu- 
tions. When the proportion of manganese is high, 
the metasilicate, MnSiOa, rhodonite, is formed, 
and this may contain some iron in solid solution, 
but a distinct ferrous metasilicate is not observed. 
This is confirmed by the present writer’s observa- 
tions of puddling cinders, in which a metasilicate 
has not been found, even when large proportions 
of silica are deliberately added. Any such excess 
appears, both in cinders and in slags, as free 
silica, usually in the form of tridymite. Excess 
of iron oxide appears as magnetite, or as solid 
solutions of similar character, ranging from 
nearly pure ferrous oxide to crystals richer in 
ferric iron than magnetite. The growth of such 
crystals is very characteristic, and they form 
delicate branched crystallites. In acid slags con- 
taining more than 8 per cent of lime, an anorthic 
metasilicate of calcium, magnesium, iron and 
manganese is formed, giving to* the slag a marked 
acicular structure. A later paper by the same 
authors (J. H. Whiteley and A. F. Hallimond, 
/. Iron a 7 id Steel Inst.j 1919, ii., 159) shows that 
eutectics are formed between fayalite and mag 
netite, and between fayalite and tridymite. The 
writer has also observed these eutectics, but the 
further eutectics mentioned by Whiteley and 
Hallimond, namely, of magnetite . and tridymite, 
and of all three minerals, may perhaps be attri- 
buted to imperfect equilibrium. Should they 
prove to occur in the system in a state of equili- 
brium, then ferric oxide must be regarded as a 
separate component. 

Leaving aside the question of phosphorus, the 
basic slags differ from acid slags chiefly in con- 
taining a much higher proportion of lime. A 
glance at the ternary equilibrium diagram for the 
system limc-magnesia-silica (J. B. Ferguson and 
H. E. Merwin, Amer. J. ScLj 1919 (iv.), xlviii., 
81) will show that a slag containing anything like 
40 per cent of lime must be largely made up of 
the orthosilicate, CaaSiO*. Tl>e solid solutions 
of this silicate with the silicates of other metals 
are very liable to- undercooling, with the forma- 
tion of glass. . Consequently, a glassy ground 
mass is often observed in basic slags, rendering 
the interpretation of their constition much more 
difficult. Acid slags are usually very free from 


glass, and even puddling cinders mostly contair 
mere traces of it. Sections of basic slag may ex 
hibit glass in which are embedded small crystals 
of a pho-sphonc mineral ; and it is evident thai 
the constitution of such specimens could only be 
determined by making experiments m the direc 
tion of annealing, and so' permitting the ciy^stalh 
sation of minerals from the glass. 

Turning now to the phosphorus, it is remarkable 
that no phosphate of iron, either ferric or ferrous 
is known which is stable at high temperatures 
The naturally occurring phosphates are hydrated 
minerals, and do not yield homogeneous an 
hydrous products on heating On the other hand 
the phosphates of calcium are well known 
Several investigators, however, have shown thai 
silicophosphates are the principal constituents oj 
phosphoric basic slags. The first of these com 
pounds was described by Carnot, who attributec 
to it the formula Caa(P04)25 CasSiO^ (A. Carnot 
Richard and Daubre, Covift. Rend.j 1883, xcvii. 
136). In 1887, Stead and Ridsdale described cry 
stals of a compound also containing phosphate 
and silicate, 4Ca3(P04)2, Ca3Si05 (J. E. Stead anc 
C. H. Ridsdale, Trans. Chem. Soc.j 1887, li., 601) 
Other similar compounds have been described 
and their composition is reviewed by Kroll (V. A 
Kroli, /. Iro 7 i and Steel hist j 1911, ii., 126), whe 
added yet another, Thomasite, to which he attri 
buted the composition CaglPOJa, sCaO, Ca^SiO^ 
At an earlier period, Hilgenstock (G. Hilgenstock 
Stahl li. Risen J 1883) had described a tetrabasK 
phosphate, 4CaO, P3O5, and this was long re 
garded as the essential constituent of all slagi 
which were of agricultural value. It is mon 
likely that the silicophosphates are the valuabh 
compounds. As a rule, these compounds hav< 
been described by their external characters only 
and very little is known as to their mineralogica 
individuality. It must be remembered that cal 
cium is replaceable to a greater or less extent u 
such compounds by iron and other metals, and 1 
is quite possible to find slags, the analysis o 
which will permit of inclusion under the formuh 
of Thomasite given above. It does not follov 
that these slags are pure individuals; they ma: 
be eutectic intergrowths simulating pure crystals 
as mentioned above. When phosphorus is adde< 
m moderate quantities to puddling cinders, lu 
new constituent makes its appearance, and phos 
phorus compounds can evidently pass into soIk 
solution in siliceous iron minerals. The examina 
tion of specimens polished on one surface onh 
and etched, as in the examination of metallo 
graphic specimens, usually gives much more in 
formation than the study of thin sections, althoug) 
the application of polarised light to the latte 
affords a useful means of idenifying minerals b 
their optical properties when their limits hav 
been once defined. The fine eutectics m slags^ an< 
cinders are generally o-verlooked in thin sections 
Sulphides enter into solutions to an unknowj 
extent, but a part may remain in insolubl 
globules. Fluorides combine with phosphates t 
form minerals of the apatite class, and this, n 
doubt, accounts for the insolubility, under agri 
cultural conditions, of slags containing fluorspai 
Beyond this, little can be stated definitely as to th 
constitution of the basic slags without further r^ 
search, the performance of which is hlghl 
d.z^\x^\^.-^Transactions oi the Faraday Soelet^ 
December, J92O. 



THE USE OF GALLIUM FKRROCYANIDE 
IN ANALYSIS. 

By LYMAN E. PORTER and PHILIP E. BROWING. 

It has been shown that gallium may be separated 
from many elements by precipitation as the ferro- 
cyanide from a solution containing as much as a 
third of its volume of concentrated hydrochloric 
acid (Lecocq de Boisbaudran, ComfL Rend.j 1882- 
1883, xciv., 1154, 1228, 1439, 1628; xcv., iS7i 410, 
503, 1192 j 1332; xevi., 152, 1696, 1838; xcvii,, 142, 
295, 522 623, 730, 1463; Browning and Porter, 
Am. J. Sci.^ 1917, xliv., 221). Two problems arise 
in connection with the application of this reaction 
in analytical work, namely, filtration and the re- 
covery of the gallium from the precipitated salt 
free from iron and the ferrocyanide radical. This 
paper gives the results of a study of these points. 

The precipitate of gallium ferrocyanide is very 
gelatinous and, while it is possible to filter it on 
an ordinary paper filter, the filtration is very slow 
and it is difficult to wash the material. The large 
bulk of the precipitate and the slowness with 
which it settles make it impossible to decant the 
liquid with any success. The effect of changing 
the acid concentration and of precipitating the 
material in the presence of electrolytes such as 
potassium chloride and ammonium chloride was 
studied, but it was foimd that the precipitate does 
not settle any better under these conditions. Add- 
ing the reagent to the hot solution likewise failed 
to make any appreciable difference in the form 
of the precipitate and in its speed of filtration. 

Various modifications of paper and asbestos 
filters were tested in an attempt to hasten the 
filtration. The use of asbestos or of paper on a 
Gooch crucible was found impossible, the precipi- 
tate passing through even a thick layer of the 
material, as it does likewise through paper on a 
funnel when suction is applied. If, however, a 
naat of fine filter paper fibre, best rilade by scratch- 
ing some paper with a knife, is washed into the 
funnel, containing a double filter paper, the 
K.illium ferrocyanide is held on it, provided the 
suction is not applied too strongly. If, as is often 
the case, the first portion of the filtrate is cloudy, 
it should be pour^ through the filter again, the 
resulting filtrate being clear. This process can be 
carried out in much less time than is required for 
the filtration -of the same amount of material with- 
out the use of suction. Of two solutions, contain- 
ing equal amounts of the gallium precipitate in 
10 cc. of liquid, one required 15 minutes to be 
filtered once through a paper filter without suc- 
tion, whereas the second, by the use of 
the method just described, was completely 
filtered in two minutes, including the second filtra- 
tion of part of the ^lution. Table I. shows the 
results of the quantitative determination of gal- 
lium as the ferrocyanide, the filtration having 
been made with suction. The material was ig- 
nited and weighed as the mixed oxides of gallium 
and iron {Com^pt. Rend.^ 1882, xciv., 1228), in the 
gallium ferrocyanide salt, GailFeCeNe)^. If some 
of the iron remains as the carbide, as is probably 
the case, the resulting weight is not affected, on 
account of the identity of the molecular weights 
of Fe^O, and 2FeCa (Tread well-Hall. “Analytical 
Chemistry,” 4th ed., i., 320). 


Table L 

Galliiini oxide Mixed oxides Mixed oxides 

taken. calculated. ioiind Kiroi’ 

G. G. G. G. 

1. 0*0230 0*0380 0*0400 0*0014 

2. 0*0236 0*0386 0*0395 o*ooog 

This method of direct ignition is not. specially 

recommended, as it gives high results which in 
small amounts of material show high percentage 
errors. It was, however, thought best to include 
it in the general study of the problem. 

The recovery of gallium from the ferrocyanide 
by the ignition with ammonium nitrate and ^ the 
subsequent separation of the gallium from Iron 
by means of sodium hydro-xide ha.s been described 
by 'US (Browning and Porter, loc. cit). The 

possibility of recovering the gallium without the 
formation of ferric or ferrous salts and the neces- 
sity of separating it from these was studied. 
When the precipitated gallium ferrocyanide is 
treated with an alkali in solution it is decomposed 
into the soluble alkali salts of gallium and of 
ferrocyanide. It was found that when carbon 
dioxide is bubbled through such a solution to 
saturation the gallium is quantitatively piecipi- 
tated as hydroxide, or basic carbonate, in a form 
easy to filter and readily washed free from ferro- 
cyanide. This behaviour is analogous to the re- 
action utilised in the detection of the constituents 
of zinc ferrocyanide (Trcadwoll-Hall, “Analytical 
Chemistry,” 4th ed., i, 319). Table II. shows 
some results on the quantitative estimation of gal- 
lium after its precipitation as the ferrocyanitle and 
the recovery of the gallium as described above. 
The ferrocyanide precipitate was in each case fil- 
tered on paper after standing for two days. In 
Expt. I the paper with the precipitate was treated 
directly in a beaker with sodium hydroxide sohi 
tion and carbon dioxide, the precipitate and i^apci 
being filtered off. In Expt. 2. the piecipitutc was 
filtered and dissolved off the paptu* by .sodium 

hydroxide solution and then treato<l with tin* cai 
bon dioxide. In the other cases the* fi*rro(’yani(U‘ 
was filtered on paper with suction in the presence 
of paper fibre, dissolved in sodium iiydroxide sol 10 
tion and finally precipitated by carbon dioxide 
from a volume of loo cc. 

Table II. 

GaaOj, taken. GajjO* found Error 

G. G. G. 

1 0*0472 0*0466 — 0*0006 

2 0*0236 0*0215 —0*0021 

3 0*0236 0*0225 --o*oon 

4. 0*0236 0*0238 4'0*0002 

5 0*0944 0*0951 4-0*0007 

b 0*1038 0*1035 --0*0003 

When an alkaline solution of gal limn ferr-o 

cyanide is boiled with ammonium cJiloride a pi*t‘ 
cipitate of gallium is formed, which consists 
chiefly o-f the ferrocyanide. If, however, the 
ferrocyanide is 'oxidised over to the forricyanidc* 
by hydrogen peroxide in alkaline solution before 
the ^monium chloride treatment, the precipitate 
obtained is gallium hydroxide free from any cyan- 
ide radicals, as shown by qualitative tests. The 
oxidation may be made with a nitrate, but the 
peroxide method is the more satisfactory. Thi.s 
method for the recovery of gallium from the 
ferrocyanide works well and is rather quicker 
than the carbon dioxide method. Quantitative re- 
sults are given in Table III. of some determina- 
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ons by this method in which the gallium was pre- 
pitated as the ferrocyanide and dissolved 

lectly in sodium hydroxide without previous 
Itration. 

Table III. 

GaaOp taken. GaaOg found. Error 

G. G. G. 

0*0956 0*0952 — 0*0004 

0*1044 0*1033 — 0*0011 

Of the elements commonly associated with gal- 
um, whose salts are soluble in alkali, zinc is the 
ost common one that forms an insoluble ferro- 
^anide. The insolubility of zinc ferricyanide in 
:id and in ammonium hydroxide makes the 

^paration of gallium from the ferrocyanide by 
cans of the peroxide method impossible if zinc 
present. In such a case, however, either of the 
illowing two methods may be employed. 

In the first case the mixed fcrrocyanides are dis- 
dved in sodium hydroxide solution and the bases 
'ecipitated together by carbon dioxide. The gal- 
um may now be separated from the zinc by dis- 
dving the precipitate in hydrochloric acid and 
)iling the solution with ammonium acid sulphite 
precipitate the gallium (Porter and Browning, 
Anier Chem, Soc,^ iQi9> xli., The 

d lowing procedure may also be used. Ine alkali 
dution of the ferrocyanides is treated with hydro- 
3n sulphide to precipitate the zinc (Browning 
id Porter, loc, cit)^ which even in the presence 
■ the ferrocyanide is precipitated as the sulphide, 
rom the filtrate the gallium may be recovered 
ee from ferrocyanide either by precipitation with 
irbon dioxide, or by boiling with ammonium 
iloride after the oxidation of the excess of sul- 
lide and of the ferrocyanide by hydrogen per- 
cide. 

Summary, 

1. A method of filtering gallium ferrocyanide 
ith suction has been described. 

2. Methods for the recovery of gallium from 
s ferrocyanide salt by alkali and carbon dioxide 
/ sodium hydroxide, and by hydrogen peroxide 
id ammonium chloride have been developed. 

3. Methods for the recovery of gallium from 
s ferrocyanide in the presence of zinc have been 
ascribed. — Journal of the American Chemical 
ociety j January, 1921. 


THE FARADAY SOCIETY. 

ENERAL Discussion on ^‘The Failure of Metals 
Under Internal or Prolonged Stress."’ 

HE General Discussion on this subject which is 
sing organised jointly by the Faraday Society, 
istitution of Mechanical Engineers, Institute of 
tetals, and the Iron and Steel Institute will take 
lace on Wednesday, April 6 next There will be 
ith afternoon and evening sessions. The North- 
ast Coast Institution or Engineers and Ship- 
uilders, The Institution of Engineers and Ship- 
uilders in Scotland, and th© West of Scotland 
ron and Steel Institute are also participating in 
le Discussion. 

A preliminary programme has been issued which 
:ates that the Discussion will be opened by Dr. 
Rosenhain, F.R.S.. who will give a gemeral 


survey of the subject. Among other contributions 
on specific aspects of the subject which are ex- 
pected are : — 

“Chemical Influences in the Failure of Metals 
under Stress.” By Prof. C H. Desch. 
“Mechanism of Failure in Metals from Internal 
Stress.” By Dr. W. H. Hatfield. 

“The Removal of Internal Stiess in Brass.” By 
H. Moore and S. Beckiiisdale 
“The Season-Cracking of Brass : Digest of Pub- 
lished Information ” By Harold Moore. 

“Notes on Fractures in Certain Steel Tubes."” By 
Sir Henry Fowler. 

“Intercrystalline Cracking of Mild Steel.” By 
J. A. Jones. 

“The Presence of Internal F ractures in Steel Rails 
and their Relations to the Behaviour of the 
Material under Service Stresses.” By H. S. 
Rawdon. 

“The Spontaneous Cracking of Necks of Small 
Arm Cartridge Cases.” By W. C. Hothersall. 
“The Internal Stresses in Brass Tubes.” By R. 

PI. N. Vaudrey and W. E. Ballard, 

“The Failiue of Condenser Tubes.”By Commdr. 

W. Campbell, U.S.N.R.F. 

“Note on CcTrrosion and Season-Cracking.” By 
G. D. Bengough. 

“Corrosion Cracking of Non-Ferrous Materials.” 
By W. R. Woodward, 

“Stress and Season-Cracking in Cold-Worked 
Brass Articles.” By Dr. F. Rogers. 

“Effects of Prolonged Stress on Metals at High 
Temperatures.” By Dr. F. Rogers. 

“Internal Stresses in Relation to Microslructure.” 
By J. C. Humfrey. 

“Failure of the Lead Sheathing of Telegraph 
Cables.” By L. Archbutt. 

Other contributions will probably be made by 
Prof. C. Benedicks, Mr. W. O. Ellis, Dr. F. C 
A. H. Lantsberry, Dr A. McCance, Dr. E. A. 
Smith, Prof. T. Turner, Mr. J. E. Howard, Dr. 
F. C. Thompson, Prof. C. H. Matthewson, Dr, 
R. S. Hutton, Mr. B. S. Pfaigh, Mr. R. W. 
Webster. 

An exhibition of specimens will be held in con- 
nection with the meeting, and those desirous of 
lending specimens are asked to communicate with 
Mr. F. S, Spiers, Secretary to the Joint Com- 
mittee, 10, Essex Street, Strand, W.C.2. 


The Action of Water on Wool. — When a 
small sealed tube, containing woollen threads in 
water is heated to a temperature of 130®- 135® C., 
the wool undergoes a decrease in volume. The 
shrinkage, easily noted,^ coi responds w-ith a pro- 
found change in the structure of the wool. The 
fibres placed between crossed Nicol prisms no 
longer display the characteristic birefrigency of 
the primitive wool, and they are also pulvcrisable 
dry. The wool can be attacked by water under 
pressure or by steam; in fact, in the autoclave the 
same results are observed, but more slowly than 
with liquid water. With HCl instead of water, 
results" are analogous. Working with a diluted 
solution of potash (1/20 N for example) the wool 
shrinks at a lower temperature and at 130® C , 
disaggregation commences and finally the fibres 
are completely dissolvpd, — Bull, Soc, Ckim, de 
France^ jmwfy 20, 
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PROCEEDINGS OF SOCIETIES. 

PHYSICAL SOCIETY. 

Annual General Meeting^, February ii, 1921. 

Prof. Sir W. H. Bragg, F.R.S., Piesident, 
in the Chair. 

The report of the Council was read by the Secre- 
tary, Mr. F. E. Smith. The report was unani- 
mously adopted. The report of the Treasurer 
was read by Mr. W. R. Cooper. The report was 
unanimously adopted. Votes of thanks to the 
Honorary Auditors, the Officers and Council, and 
the Governing Body of the Imperial College were 
unanimously passed, the respective proposers and 
seconders being Dr. Chree and Dr. Lister, Mr. 
Clark and Dr. Borns, Dr. Thomas and Mr. Paul. 

The scrutators, after examination of the ballot 
papers, declared the Officers and Council for the 
ensuing year to be elected in accordance with the 
following list : — 

President — Prof. Sir W. FI. Bragg, C.B.E., 
M.A., F.R.S. Vice-Presidents (whb have filled 
the office of President) — C. Chree, Sc.D., LL.D., 
F.R.S.: Prof. H. L. Callendar, M.A., LL.D., 
F.R.S.; Prof. R. B. Clifton, M.A., F.R.S. ; Sir 
Richard Glazebrook, K.C.B., D.Sc., F.R.S,; Sir 
Oliver J. Lodge, D.Sc., F.R.S'.; Prof. C. H. Lees, 
D.Sc., F.R.S.; Prof. A. W. Reinold, M.A., 
F.R.S.; Sir Arthur Schuster, Ph.D., Sc.D., 

F.R.S.: Sir J. J. Thomson, O.M., D.Sc., 

F.R.S,; Prof. C. Vernon Boys, F.R.S. Vice-^ 
Presidents — Prof. W. Eccles, D.Sc. ; Prof. A. S, 
Eddington, M.A., M.Sc., F.R.S.; The Rt, Hon. 
Lord Rayleigh, F.R.S.; Prof, Sir Ernest Ruther- 
ford, D.Sc., F.R.S. Secretaries — F. E. Smith, 
O.B.E., F R.S., National Physical Laboratory. 
Teddington: D. Owen, B.A., D.Sc., 62, Welling- 
ton Road, bush Hill Park, N. Foreign Secre- 
tary — Sir Arthur Schuster, Ph.D% Sc.D., F.R.S. 
Treasurer^^ , R. Cooper. M.A., B.Sc., 82, 
Victoria Street, S.W.i, Librarian — Prof. A. O. 
Rankine, D.Sc., Imperial College of Science and 
Technology. Other Members of Council — G. B. 
Bryan, D.Sc. ; C. R. Darling, F.LC. ; Prof. C. L. 
Fortescue, O.B.E. ; E. Griffiths, D.Sc,; F. L, 
Hopwood, D.Sc.; E. H. Rayner, M.A., D.Sc.; 
A. Russell, M.A., D.Sc.; T. Smith, B.A>; J. H. 
Vincent, D.Sc., M.A. ; Prof. W. B. Morton, M.A. 

After the conclusion of the general business, 
a discussion on Absolute M easurements of Elec- 
trical Resistafice^ and Instrume?its based on the 
T em'^erature-V ariatioH of Resistance*^ was held. 

Sir Richard Glazebrook opened the discussion 
with a historical review of the work of early 
workers on absolute resistance measurements and 
the gradually increasing accuracy which had been 
obtained in such measurements with the develop- 
ment of improved methods and apparatus. 

Mr. F. E. Smith wished to confine himself to 
two suggestions. The first was that the accuracy 
of absolute determinations being now in excess 
of the .accuracy with which the International Mer- 
cury Standard could be reproduced, such a 
standard was now useless, and workers should 
express their results in true ohms rather than in 
international ohms. His* second suggestion was 
that teachers should familiarise their students 


of Societies 

with absolute methods of resistance measurement, 
and he showed a simple apparatus with which 
such measurements could be made in the labox'a- 
tory in a few minutes. 

Prof. H. L. Callendar explained the principles 
of his temperature-compensated resistance bridge, 
and exhibited various resistance thermometers for 
special purposes and several instruments for 
radiation measurements. 

Mr. C. R. Darling described the eaily work of 
Siemens on resistance thermometi'y. 

Major Tucker exhibited and described his hot- 
wire microphone. 

Prof. J. T. McGregor Morris exhibited and 
described a robust and portable hot-wiic anemo- 
meter. i 

Miss Hargood-Ash, in the absence of Prof. 
Leo-nard Hill, exhibited and explained the latlePs 
*^Calconieter. 

Mr. E. A. GRIFFITHS exhibited and described a 
resistance gauge for measuring the depth of liquid 
in a tank. 

Mr. A. H. Davis read a Paper on 
ment for Measuring Connected HeatP 

Dr. J. S, G. Thomas exhibited and explained 
his Directional Hot-wire Anemometer. 

Dr. Daynes, in the absence of Dr. G. A. Shak- 
spear, exhibited and explained the lattefs gas 
permeameter. 

Other instruments were exhibited, but owing to 
the lateness of the hour were not described. 


PAPERS RECEIVED. 

“Polymerisation amongst Liquids.” By W. R. 
Fielding, M.A., M.Sc. (Viet). 

A continuation of “Polymerisation in the 
Solid State” (Chemical Nr:ws, cxxii,, No. 
3170). After finding the value of for 
different elements and compounds, tho authot' 
makes special reference to water and typical 
organic compounds, which yield striking re- 
sults. February 21, 1021. 


BOOKS RECEIVED. 

“The Extra Pharmacopoeia.” Vol. i. 17th 
Edition. By W. H. Martindalk, Ph.D,, 
Ph.Ch., F.C.S., and W. W. Westcott, M.B., 
D.P.H. 1 1 15 pages. Price 27s. net. Lon- 
don ; H. K. Lewis & Co. 

“Treatise on General and Industrial Cbemislrv.” 
By Dr. Ettore Moltnari. Second F^ditjon, 
edited by Thomas H. Pope, B.Sc., F.I.C., 
A.C.G.L With 382 illu^>trations and two 
Plates. Price £2 2s. London :], 8 c A. 
Churchill. 

“A Text-book of Inorganic Chemistry for Univer- 
sity Students,” By J. R. Partington, 
MB.E., D Sc. Price 25R, net London : 
Macmillan Sc Co. 

“Introduction to Qualitative Chemical Analysis.” 
By Th. Wilheim Fresenius. 17th edition of 
Ae original work, by C. Remigius Fresenius, 
Translated by C. AINSWORTH Mttchkll, 
(Oxen.), F.I.C., Editor of the Analyst, 
With 57 Illustrations, xix-fcj54 pages. Price 
3bs. net. London : J. & A. Churchill. 
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“A Text-book of Inorganic Chemistry.” By J. 
Newton Friend, Ph.D., F.I.C. Vol. IX., 
Part I. Cobalt, Nickel, and the Elements of 
the Platinum Group. xvii. + 367 Pages. 
London : Charles Griffin, Ltd. 


NOTES. 


British Engineering Standards Association. 
— A British Standard Specification has been issued 
by the British Engineering Standards Association 
for benzol for motor fuel, commonly known as 
“benzole,” a benzene mixture. The specification 
includes a definition of the term “benzole”, a des- 
cription of the substances and notes on its physi- 
cal and chemical properties. This is followed by 
appendices giving necessary tests, including that 
for the estimation of the sulphur content, with 
diagram, and the specification concludes with a 
description and illustration of the standard dis- 
tillation apparatus. This subject has engaged the 
activities of the Association for some months past, 
and the Committee, under the chairmanship of 
Dr. G. Rudorf, has had the co-operation of the 
following Government Departments and indus- 
trial and scientific organisations : War OffcCj Air 
Ministry, H.M. Petroleum Department, National 
Physical Laboratory, Institution of Automobile 
Engineers, Institution of Chemistry of Great 
Britain and Ireland, Association of British Chemi- 
cal Manufacturers, Auto-Cycle Union, Automobile 
Association and Motor Union, ^ British Chemical 
Trade Association, Commercial Motor Users’ 
Association, National Benzole Association, Oil 
and Colour Chemists’ Association, Society of 
British Aircraft Constructors, Society of Chemical 
Industry. The specification can be obtained from 
the Secretary of the British Engineering Stan- 
dards Association, 28, Victoria Street, London, 
S.W.H, price is. 2d., post free. 


NOTES AND QUERIES. 


Enquiry. — Will some correspondent be good enough to recommend 
some book dealing with the latest practice m preparing steel samples 
for micro-examination, more particularly^ the best reagents and 
methods for differentiating between the various constituents, such as 
sulphur, phosphorous, slag, sihco-sulphide, etc. — Student. 



This List is specially compiled for the Chmical News by Messrs. 
Rayner &c Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.2., from whom all information relating to Patents, 
Trade Maiks and Designs can be obtained gratuitously. 

Latest Patent Applications. 

4895 — Armour Fertilizer Works. — Production of aluminium 
chloride. Feb. iith. 

4556 — Attack, F. W. — Condensation of o*l:?6ni;oyl-benzoio acid or 
its derivatives. Feb. 9th. 

4557— -Attack, F W.— Oxidation of hydrocarbons. Feb. 9th. 

4637 — Bader, W.— Manufacture of anhydride, etc. Feb. 9th. 
4637— British Cellulose & Chemical Manufacturing Co., Ltd — 

Manufacture of acetic anhydrides, etc. Feb gth. 

464a— Cumberland Coal Power & Chemicals Ltd.— Production of 
hydrogen. Feb. 9th, 


Spectficatton published thts Week. 

128895 — Soc Industnelle de Products Chimiques. — Separation o 
the double salt sodium ammonium sulphate into sodmn 
sulphate and ammonium sulphate. 

158288— MacLeod, J. G.— Processes for the production of hydrogei 
sulphide from sulphurous gases 

154170— Terrisse, H. and Levy M.— Process of and apparatus fo: 
regenerating hydrochloric acid used in the manufacture 0 
glucose. 

Abstract Published this Week. 


Ammonia. — Mr. A. Rollason of Long Eaton, Derbyshire, has beez 
granted a Patent No. 155313 for apparatus for producing Ammonis 
m which a mixture of air and steam is preheated in a pipe C and s 
jacket B of a producer A, and is then passed through gates intc 
the fuel, the level of which is kept constant by a bell D. Thi 
temperature in the producer is maintained below 950*^ C, and the ai 
is wnolly deprived of oxygen. The exit gas is cooled to soo'^ C by s 
cooler or by steam admitted from a pipe F®, and is then passe< 
through a tube surrounded by an outer tube F and is there heate< 
to 550-6ooP C, by which means it is stated that the molecules o 
nitrogen are dissociated into atoms. The gas passes from the pip' 
F^ through a column G of coke mixed with 5% of hmestoni 
maintained by external heating at 700-800“ C. Ammonia is produce* 
and is recovered after cooling to 90*^ C The remaining gas 1 
introduced into the combustion chamber at L and burnt, thi 
products passing through the casing I to the space between th^ 
walls G and G^ and thence as shown by the arrows. 





Messrs. Rayner & Co., will obtain printed copies of th* 
published specifications and will forward on post free for the ofBcia 
price of i/- each. 


MEETINGS FOR THE WEEK 


Monday f March 7. 

Royal Institution, 5. (General Meeting). 

Royal Society of Arts, 8. "X-Rays and their Industrial Applioa 
tions ” by Major G, W C. Kaye. 

Society of Chemical Industry, 8 

Institution of Electrical Engineers, 7. (At Cardiff). 

Tuesday^ March 8. 

Royal Institution, 3. *' Darwin’s Theory of Man's Origin ” by Prof 
Arthur Keith. 

Society of Chemical Industry. (At Edinburgh). 

Institution of Electrical Engineers, 7. (At Leeds, Manchester ant 
Edinburgh) . 

Institute of Metals, 8. (At Glasgow). 

Wednesday^ March 9. 

Royal Society of Arts, 8. 

Institute of Metals, 10.30 and 2.30. (Annual Meeting). 

Thursday^ March 10. 

Royal Institution, 3. "The Meteorology of the Antarctic" b 
Dr. G. C. Simpson. 

Society of Chemical Industry. (At Birmingham). 

Institute of Chemistry. (At Liverpool). 

Institute of Metals, lo.^io and 2.30 (Annual Meeting). 

Institution of Electrical Engineers, 6. 

Optical Society, 7.30. 

Friday J March ii. 

Royal Institution, 9. " Medical Idiosyncrasies " by Dr. J. Freepaar 
Physical Society, 5. 

Institution of Electrical Engineers, 6.30, 

Saturday^ March 12. 

Royal Institution, 3, "Electricity and Matter" by Sk Btnei 
- Rutherford, , 
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NOTICES. 


PATENTS, TRADE MARKS. Handbook 

and advice free— B. T. King, British and U. S, Regd. Patent 
Attorney, 146a, Queen Victoria St., London. 35 years reference 


EDITORIAL. — All Literary communications and Books, Chemical 
Apparatus, Ac., for review or notice to be addressed to the 
Editor. 

SDBSGRIPTIONSy 125. per annum, payable in advance, should 

be addressed to the Manager. 


IIpOR SALE — Journal of the Chemical Society ^ 

fiom 1886 to date. New. Offers, X,, Chemical News 
97, Shoe Lane, E.C.4. 


BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 


THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 


ADVERTISEMENTS. 


CUITABLE Premises (Hoxton), Plant and 

Machinery for the Manufacture of Alkaline Chromates.— For 
full particulars apply Morgan Brothers & Co., 17, Eldon 
Street, E.C.2. 


jpOR SALE. — 2,000 Twill Bags, suitable 

for 'any purpose, 2 cwt. size, clean and sound. C, Morris, 
1, Upper East Smithfield, E.l. 


AH communications for this Department should be ad- 
dressed to— 

T. G. SCOTT & SON, 


63, Ludgate Hill, London, E.C. 4. 


T. TYRER&CO.,LU. 


Stirling Chemical Works, 
STRATFORD, LONDON, E. 


COVER S FOR BIN DING. 

Cloth, Gilt-lettered, Covers for binding the Half-yearly 
Volumes of the 

CHEMICAL NEWS 

may now be obtained. Price 2/- each {poet free 2/3). 
Volumes bound in Cloth Cases, Lettered, and Numbered 


CHEMICALS for Analysis, Research, and Technical purposes 
TECHNICAL EXPERIMENTS carried out 

on a HANUFAGTURIN0 SOAI^. 


Inquiries solicited from INVENTORS and PATENTEES 
especially foreign) under the New Act ipo6. 


at 35. per volume. 

CHEMICAL NEWS OFFICE, 

97. SHOE LANE, LONDON, E.C. 4. 



BY DIRECTION OF THE DISPOSAL BOARD. 

MANNHEIM OLEUM PLANT 

AT 

H.M. FACTORY, GRETNA. 

Compnsing : 

EIGHT DOUBLE UNITS arranged in 4 SETS. The 
ffrst three sets are Lump Burners, and the fourth set 
Herreschoff Burners. 

GRILLO OLEUM PLANT 

AX 

SOUTH METROPOLITAN GAS COMPANY’S 
EAST GREENWICH WORKS. 

* 

Comprising 

Sulphur Burners, Heater Coolers, S.0.2and S.0.3. Coolers, 
Scrubbing Towers, Acid Filters, Heat Exchangers, Pre- 
Heaters, Converters, Pipes, Tanks, Pumps, etc. 

SOLVENT RECOVERY PLANT 

H.M. FACTORY, GRETNA. 

16 Units for the Recovery of ETHEL ALCOHOL VAPOUR 
on the BARBET SYSTEM, patented S.G.D.G. Each Unit 
capable of dealing with 10,000 cu. metres of air per hour. 

The above Plants axe offered for sale as they he, 
purchasers to dismantle and remove fr<mi site. 

Permits for inspection, and tender forms can be obtained 
on application to 

The Controller, Plant and Machinery Section, D.B.l.E., 
Channg CrosaHuts, Embankment, London, W C., England. 

Tenders should be completed and returned not later than 
10 a.m. on the XStb APRIL, 1021. 


CHEIIICIL FlGTORV 


has only been working for two months, 
fully installed, with branch line,* near 
Vienna, 



In view of working. 


Total area, 300,000 square metres, 
area built on 11,000 square metres, 
steam power installations 2,000 H.P» 

Applications , to he addressed: 

M. DUKES NACHF A.G. 

l./l, WOLLZ&ILB No. 16 VIBNNA 

UNDER 
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9. Specimen from White Pine, Nevada. — The 
rhombohedral crystals are white on a brown and 
grey surface, and are rather soft The crystals 
on analysis were found to contain a small amount 
of copper. We were not able to determine the 


specific gravity. 

Per cent. 

Si03 

2* 16 

AI2O5 

24-24 

Fe^O, . . 

O' 00 

CaCO, 

72*83 

MgCO, 

0*31 

Cu 

, . 0-86 

Total 100*40 


The specimen is in no sense a dolomite, but a 
limestone containing only a small amount of mag- 
nesium. 

10. Specimen from Guanajuato, Mexico. — The 
specimen is white, with visible traces of iron 
oxide. The crystals are hard, and hexagonal in 
form. We were not able to determine the specific 
gravity. 


SiO, 

Per cent. 

86*76 

A1.0, 

4*33 

FejOj 

5*50 

MgCO 

2'II 

CaCO. 

075 

The specimen is not a 

To’tal 99-45 
dolomite, but quite 

ordinary sandstone. 


n. Specimen from Nagyrag, Trannsylvania. — 
Rhombohedral crystals on quartz. 

Per cent. 

46*33 

43*28 

1*83 

2*93 

... ... S’OS 




A1,0? 

Fe^O. 

CaCO* 

MgCO. 


Total 99' 41 

The analysis doubtless shows a clay and not a 
dolomite. 

12. Specimen from Clayton, Iowa This takes 

a good polish, when it resembles brown marble. 
It belongs to the Plattville formation of the 
Ordovician in the Lower Silurian. 


SiOa 

FeaOa and AlaOa 

CaCO, 

MgCOs 


Per cent* 
0-87 
roi 
53*34 
44*44 


Total 99*66 

The specific gravity is 2'69. The analysis 
shows the specimen to be a typical dolomite. 

13. Specimen from Dubuque, Iowa. — It is of 
a pey colour, and quite compact in texture* It 
belongs to the same geological formation as the 
preceding. 


SiOa 

FeaOa and AlaD# 
CaCOa 

MgCOa 


Per cent. 

7-29 

3-00 

46-94 

42-89 


-T-i. 100-12 

The specific gravity is 2-83. It is quite a typical 
dolomite. 

Cornell College, Chemical Department. 

January, 39, 1931, 


THE DETERMINATION OF THE CARBON 
DIOXIDE IN COAL.* 

By F. S. SINNATT, M.So. (Tech.), F.I.C., M.I.Min.K. 

(Director of Research to the Association) and 
W. HARRISON, F.C.S. 


Literature, 

A CLOSE examination of the literature shows that 
few results have been published of determinations 
of the amount of carbon dioxide evolved when 
coal is treated with acids. One reason for this 
probably lies in the fact that the ordinary methods 
for the estimatio'n of carbon dioxide in carbonates 
are not easy to apply to coal. The amount of 
carbonates varies within wide limits in dilferent 
seams, but as a rule is comparatively small. 

The information is important for two main 
reasons : (i) It is not possible to ascertain the per- 
centage of carbon in coal unless that occurring as 
carbonates, etc. is known. The value obtained in 
the ordinary method of deternainjiig ^carbon by 
combustion includes the carbon occurring both in 
the organic substance and in the carbonates, etc. 
If the exact percentage of organic carbon in the 
coal is required, that occurring in the carbonates 
must be determined, and deducted from the total 
carbon found by combustion. Certain coals con- 
tain up to 5 per cent of substituted calcium car- 
bonates, which is equivalent to approximately 0*5 
per cent of carbon. It follows that the percentage 
of organic carbon in the coal is O'S Pur cent lower 
than that found by the combustion. This is of some 
importance when considering the calorific value 
of coal, as 0*5 per cent of carbon is equivalent 
to 41*6 calories, or 74*8 B.T.U.^s pet pound. In 
certain abnormal specimens of coal 30 per cent 
calcium carbonate have been found. 

(2) A knowledge of the amount of carbon diox- 
ide occurring as carbonates is also an auxiliary 
means of obtaining an idea of the composition of 
the inorganic compounds present in coal. In a 
later paperj a number of anlyses will be given 
of the white partings (ankerites) occurring in 
Lancashiie seams. These compounds are fairly 
constant in composition in a particular seam; if 
the composition of the ankerites is found by analy- 
sis, including the percentage of carbon dioxide 
present, it is possible to calculate approximately 
the composition of the particular ^compound con- 
tained in a sample of coal by a simple determina- 
tion of the carbon dioxide. 

The following processes for the determination 
of carbon dioxide in carbonates arc in general 
use ; — 

Schroetter^s apparatus, and various^ modifica- 
tions may be expected to yield results within i per 
cent, when the percentage of carbon dioxide in 
the compound is high, and at least i grm, is avail- 
able. The method has been found to be useless 
for the determination of carbon dioxide in coal. 

S. H. Collins {J.S.C,L, 1906, xxv., 519) des- 
cribes an improved form of Scheibler^s apparatus, 
in which the carbon dioxide evolved from car- 
bonates by the actipn of acids is collected and 
measured. The method suffers from the inaccura- 
cies inherent in any process where the measure- 
ment of small volumes of carbon dioxide are 
necessary. The equivalence of six sources of 
error is stated to be i per cent. 

bfifafA the t AnAAfthtfA & CliAfthirft Coftl Rttia^rch AatOdiiLttnn 




Determination, of Carbon Dioxide in Coal lii 


A method for the determination of small per- 
centages of carbonates in such material as soil is 
described by Hall & Russell (/. Chain, Soc.^ 1Q02, 
Ixxxi, 83), who state that where the amount of 
calcium dioxide present is only about 0-5 per cent, 
the whole of the carbon dioxide produced when 
acid is added may remain dissolved in the reaction 
products 

The method most generally used is to decom- 
pose the carbonates with a suitable acid, and after 
purifying the carbon dioxide produced, to aspirate 
It through weighed potash bulbs. Unless the 
weight of carbon dioxide produced is considerable, 
the process i^ quite inaccurate, even when the pre- 
caution of counterpoising the potash is adopted ; 
considerable variations in weight of the potash 
bulbs are possible from external sources. 

A number of methods in which standard barium 
hydrate solution is used for the absorption of car- 
bon dioxide have been described. The general 
procedure advocated is to place the standard solu- 
tion in some type of wash bottle, but the process 


of a gas into an evacuated vessel could be con- 
trolled, and later {Afialystj April, 1Q13) showed 
that the apparatus could be adopted for the accur- 
ate determination of carbon dioxide in carbonates. 
From the latter paper the following estimations 
may be quoted, as indicating the degree of 
accuracy attained by the method : — 

Weight of Carbon dioxide Carbon dioxide 
calcite. found. calculated. 

Grms. Grms. Gnus. 


0*1310 ... 0*0576 ... 0*0575 

0*1710 ... 0*0754 ... 0*0751 

0*0826 ... 0*0364 0*0363 

O*34Q0 ... 0*1526 ... 0*1534 

0*0785 ... 0*0341 . 0*0345 

Affaratiis, 

The apparatus required is shown in the 
diagram. (A) Is an efficient wash battle con- 
taining caustic potash solution, which should 
be renewed frequently. If a rapid flow 
of air is required i£ should be supple- 
mented by a second wash bottle. A test should be 



has not been generally adopted, largely for the 
following reasons ; — 

Barium hydrate is only comparatively slightly 
soluble in water, which necessitates the use of a 
large volume of solution, and consequently a 
cumbersome wash bottle; the rate of absorption 
of carbon dioxide by barium hydrate solution is 
comparatively low, and consequently a slow 
stream of gas is essential in order to ejffect com- 
plete absorption. It is difficult, without introduc- 
ing considerable elaboration to prevent the barium 
hydrate solution coming into contact ‘With the air, 
or the breath of the experimenter during the mani- 
pulation of the process. - ' * 

One of us (Analyst 1912, xxxvii,, 12J described 
an apparatus by means of which the^ rate of flow^ 


made to determine the efficiency of the wash 
bottle; it is essential that the air passing through 
it should be free from carbon dioxide, (b) Is a 
decomposition flask as described by Lunge and 
Machlewski, a Schroetters apparatus or any 
simple reaction flask. (C) Is a tube containing 
calcium chloride. 

This train of apparatus is all that is required 
when phosphoric acid is taken to decompose the 
carbonates in the coal. 'Phosphoric acid, as sug- 
gested by G. S. Morgan (Proc, Cham, Soc,^ 194, 
XX., 167) yields results identical with those cA- 
tained with hydrochloric acid. \^en it is tho^ught 
necessary to .use hydrochloric acid, an additional 
I absorption tube (S') must be introduced, contain^ 
[ring alternate layers of glass wool and silver 
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sulphate, in order to eliminate hydrochloric acid. 
(D) Is a special apparatus {Analyst^ 1Q12, xxxvii., 
12; Gas Worldj Feb. 22, 1913) the general foim 
of which can be gathered from the diagram. It 
should not be less than 76 cms. (soin.) in lengthj 
and have a diameter of iin. to lin., but it should 
be as small as possible compatible with even 
working. The inner capillary tube should have 
an internal diameter of about ifein., and be so 
arranged as to touch the walls and reach to the 
bottom of the larger tube. The taps of the appa- 
ratus should be well ground. In the reservoir (s) 
there should be sufficient mercury to fill the large 
tube. (E) Is an ordinary pressure fiask, the capa- 
city of which may be from i to 3^ litres (usually 
2^ litres) The volume of air available for as- 
pirating through the appaiatus depends upon the 
capacity of this flask. Special flasks have been 
obtained with a ground stopper to which a funnel 
was sealed, but the arrangement shown which 
consists of a broad tubb, having the inlet closed 
with a rubber stopper (V) has been found a most 
satisfactory method for the introduction of the 
barium hydrate solution into the flask. 

Method of Carrying Out a Determination, 

The flask (e) is filled with fresh air and evacu- 
ated by means of an ordinary water pump. The 
carbon dioxide in the flask is reduced to such an 
amount as to be negligible. If the peicentage of 
carbon dioxide in the air is known accuratelVj a 
correction may be applied for the carbon dioxide 
remaining in the flask. The evacuated flask is 
now attached to the special apparatus (d) in the 
manner shown in the drawing, the taps (M), (H), 
and (k) being closed. The tap (t) is opened, and 
the tube of the outlet of the apparatus (D) is 
placed under the surface of the mercui7 in the 
reservoir (S)'. The tap (k) is then opened, and 
mercury is drawn into the tube (u) until the 
column is equivalent to the pressure in the 
evacuated flask; z record of the height of the 
column is made, and the tap (K) closed. 

The sample of coal is pulverised to pass through 
a i/go mesh sieve, and from 0*5 to 5 grms. are 
. introduced into the decomposition flask (B). This 
is performed most conveniently by welching the 
coal on a piece of smooth copper foil and brush- 
ing it into the flask with a camel’s hair brush. 
The coal is covered with about twice its volume 
(5 to 15 cm.) of distilled water, and is then gently 
heated, the contents being open to the air, until 
the water commences to boil, and maintained at 
a gentle simmer for about 20 minutes!' ^ this 
means the occluded gases present in tl;te coal f are 
expelled. The flask (B) is then assembled, cdh- 
n^cted to the train of apparatxm, and hydrqchlpric' 
acid (s per cent) or phosphoric acid (syrupy 
diluted 4 times) is placed in the cujJ;'^). The 
acid is allowed to flow mto the coaA, the tap (k) is 
now opened, and (M) opened cautiously until air 
is drawn through the train of apparatus; the de- 
j composition vessel is gently but efficiently 
agitated. ' .. T|tie “ rate at which the air passes 
through Ae apparatus is carefully controlled, and 
should hfe kept constant. There is no necessity to 
|he tap (MLj Once the rate at which the air 
tfo ve^fil' has been decided upon. 
^ ‘^bx'ab^f ^ minutds, the contents of the decom- 
gently heated, the temperature 
^ h^g kb about so® C. for half-an-hour. 


The liquid is then laised to the boil, and kept at 
this tempcieaturc for an additional 10^ minutes. 
Throughout the whole of tliis period air is allowed 
to sweep thnnigh the apparatus at the rale of about 
2 litres per hour, and any carbon dioxide evolved 
from the coal is collected in the flask (e). The 
determination is now complete, and the flow of 
air is allowed to continue until the train has been 
completely swept through, or until the pressure 
in the flask has reached about 70 cms. The tap 
(T) is then closed, and the flask (e) disconnected. 
By attaching a freshly evacuated flask, the appa- 
iatus is ready for the next estimation. 

Determination of the Carbon Dioxide, 

The method of dclci minatioii the carbon 
dioxide in the flask by means of standard barium 
hydrate solution, is that described by Peltenkofer 
the details of which are described in Lunge’s *‘Gas 
Analysis,” but the following is the exact procedure 
adopted : — 

Preparation and Storage of the Solution of 
Barium Hydrate. barium hydrate solution is 
prepared by adding 200 grms. of barium hydrate, 
and 10 grms. of barium chloride to i litre of dis- 
tilled water. After being allowed to settle, 60 
ccm. of the clear supernatant liquid are trans- 
ferred to an apparatus similar to the one shown 
(p) and diluted to 1 litre with distilled water. 
This solution must be preserved from contact with 
the air, and the appaiatus shown is co'iwenient 
for this pLirpi)Sc. The containing bottle is fitted 
with an outlet syphon tube, having a narrow 
capillary (Q) ; this tube is fitted with a short 
length (2in.) of india-rubber tubing, (k). The mtJ , 
of a small capillary obviat^B, 
having to neglect the large 
which tubes or greater bore before the 

liquid actually contained in the vessel reaches the 
pipette. It also possesses the advantage that a 
pinch cock or bead valve is not required <m the 
india-rubber tubing to prevent the liquid llrnviiig 
out of the vessel; owing to the narrow capillaiy 
there is no tendency for either the liquid to be 
drawn back into the containing bottle or syphon, 
or out of it. The second hole in the stopper is 
fitted with a small tap funnel, which contamfe first 
a layer of glass wool, an^ then about 2in. in depth 
of fresh soda lime. This is coveted with a plug 
of glass wool, and finally the vessel is closed with 
a rubber stopper containing a single orifice. The 
barium hydrate solution has been found to keep 
very well under the above conditions, and no rapid 
change of titre will be experienced; at the same 
time it is desirable to carry out a blank determina- 
tion upon the barium hydrate solution. 

Method of Titration. — The tip of the pipette is 
inserted into the rubber tubing (R), and the re- 
quired volume of barium hydrate solution drawn 
off in the ordinary manner. In most of the ex- 
periments 50 ccm. were taken for the determina- 
tion, and when the pipette was filled, the end of 
it was inserted directly into, the rubber stopper 
(V) of the flask (e). The tap (w) of the flask was 
then opened gradually, when, owing to its con- 
tents being under reduced pressure, the liquid in 
the pipette is rapidly drawn into the flask. It 
will be seen that' it is possible to repeat these con- 
ditions for each succeeding experiment, and as no 
gas^ is displaced during the introduction of the 
barium solution, one of the recognised sources of 
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irror associated with Pettenkofer's method is 
dominated. The pipette is removed from the 
'ubber stopper and any traces of barium hydrate 
'emaining behind in the tube are washed into the 
iask^with distilled w^ater. The (ontents of the 
lask may then be brought to atmospheric pressure 
)y connecting the outlet to a wash bottle contain- 
ng caustic potash. The flask is allowed to stand 
or half-an-hour with occasional agitation ; i ccm. 
)f phenolphthalein solution (i part in 250 ccm. of 
ilcohol) is added, and the liquid rapidly titrated 
vith hydrochloric acid (strength N/20 or N/40) 
an til it becomes colourless. The first discharge 
jf the pink colour is taken as the end-point of the 
itration. Frequently the pink-colour returns, but 
his should be ignored. Where a large amount 
carbon dioxide is present, and a distinct pre- 
:ipitate of barium hydrate is formed, it is desir- 
able to shake the flask vigorously during the titra- 
ion, in order to remove any barium hydrate which 
nay be entangled (absorbed) in the precipitate. 

The difference between the volume of hydro- 
L'hloiic acid required for the actual titration and 
Lhat of the blank determination is the volume of 
acid equivalent to the carbon dioxide present in 
the flask, and consequently in the weight of coal 
taken for the determination : — 

2HCI=*C03 

I ccm. of N/40 HC1=o*ooo55 grm. CO3. 

The following shows the amount of carbon 
dioxide in certain Lancashire coals, from 

tjre white*;partings (ankerites) had not been 


Hydro- Percent- 

Barium chloric Carbon age of 
Weight hvdraie acid dioxide carbon 


Seam of 

Coal 

1. Mountain Mine S'o 

2. Arley 3*o 

3. Ravine ... 3*0 

4. Abnormal 

sample, I. ... ro 

5. Abnormal 

sample, II. 0*5 

6. Pemberton, 2ft. 0*5 

7. Garswood, 9ft. 0*5 

8. Hoo Cannel 0*5 


[ution solution found dioxide m 
N/40. the Coal. 


ccm 

ccm. 

grms. 


50 

9*2 

0*0252 

0*50 

SO 

40*2 

0*0054 

0*18 

50 

33 *S 

0*0107 

0*36 

150 

38*7 

o*o68s 

6*85 

175 

27*0 

0*0916 

18*32 ‘ 

SO 

42*8 

0*0036 

0*72 

50 

45-8 

0*0022 

0*44 

50 

32-4 

o* 0092 

1*84 


N/40 HCl (determinations i to 6) i ccm =0*00064 
grm. carbon dioxide. 

N/40 HCl (determinations 7 and 8) i ccm.= 
0*000524 grm, carbon dioxide. 


Influence of Prolonged Treatment with Water 
(Bayley and Sinnatt) — If the period of heating the 
coal with water in order to eliminate the occluded 
gases is continued beyond 30 minutes, only a slight 
increase in the amount of carbon dioxide evolved 
could be detected, thus indicating that the period 
suggested (30 minutes) is ade<5iuate. 

Five grms. of coal boiled with 20 ccm. of water 
for 30 minutes : Carbon dioxide found =0*09 per 
cent. Allowed to simmer for 6 hours : Total car- 
bon dioxide found =o*io per cent of weight of 
coal. Amount evolved during last Si hours««o'oi 
per cent of weight of coal. 


The Influence of Using Different Acids (Bayley 
and Sinnatt). — The following determinations were 
carried out under identical ^ohditions upqn speci- 
mens from the same sample hy;drich 

chlpric acid and phosphoric* fcid^ 


indicate that the two acids yield practically identi- 
cal results by the method previously described. 
Five grms. of coal taken in each experiment : — 

Percentage of carbon 


Qioxiae. 

Hydrochloric Phosphoric 
acid. acid. 

Coal No. I 0*38 0*38 

Coal No. 2 0*27 0*26 

Coal No. 3 - 1*13 i‘i 3 

Fusain 0*61 0*56 


The above amounts were found when the coal 
was digested with the acid for three-quarters-of- 
an-houi% In the case of No. i coal the digestion 
was continued for further periods, with the 
following results : — 

Carbon dioxide 
evolved. 

Period of digestion. Hydrochloric Phosphoric 

acid. acid. 


First ^1-hour 0*38 0*38 

Further li hours 0*06 0*05 

Further 4i hours ... ... 0*04 0*04 

We wish to place on record our thanks to Miss 

P. Wray for help during the preparation of this 
bulletin. 


THE ALLUVIAL DIAMONDIFEROUS 
DEPOSITS OF SOUTH AND SOUTH- 
WEST AFRICA,* 

By FRED. C. CORNELL, O.B.E 
(Concluded from p. lo*.) 

Upon the British occupation of the country in 
1915, all prospecting and working for diamonds 
was forbidden, but at a later date, work on a 
limited scale was allowed. Meanwhile, the 
occupation had led to thousands of Union troops 
being stationed on or near the actual fields, and 
manv of these men planned to return when— as 
was believed to be likely to happen — the country 
should be thrown open to prospecting. They, and 
many a river digger looking for more favoured 
fields, were however, doomed ^ to disappointment 
for although upon }the assumption of the mandate 
of the country by the Union Government, the bulk 
of the new territory was thrown open, the coastal 
belt containing the diamond fields remained for- 
bidden ground. 

And to-day the strip of country stretching from 
the Orange River to the 26th degree of latitude, 
and from the coast for 100 kilometres inland, in- 
cluding all the richer mines, has passed under the 
contiol of a British combine, who will regulate 
the output and generally manage diamond matters 
in South-West Africa, 

And although this decision has been an ex- 
tremely sore point with individual diggers, it is 
probably the best thing that could have happened. 
For the country, barren, inhospitable, and . 

less, is not 6t for the individual with small pean^i i 
and the iqdisbriminap granting of licences in snch 
a region m^\d probdJy have led tc a grw t 
amount of the many, and riches I 

to the iWifT. . ' . ^ V t ; 4 ' . , ‘ ' 1 i 

% conclusion,,! may point ©ut 

sin ardent digger and br 

mist, I do not a" 

life ^ 

'fifewla 
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for the purpose of doing so. Unless h-e bo ex- 
ceptionally lucky, the average digging open to 
him toi-day is likely to- swallow up all his little 
capital, and leave him worse off than he would 
have been in England, On the other hand, it has 
been abundantly proved of late that the distribu- 
tion of the diamond is far more widespread than 
has been imagined, and systematic prospecting 
may well disclose new fields of far greater rich- 
ness than those known at present. The startling 
discoveries in the sands of Luderitzbucht in 1907, 
may well find their parallel elsewhere; indeed 
the extraordinary richness of the newly-discoveied 
fields in Akim on the Gold Coast shows that dia- 
monds are by no means even confined to the re- 
gions I have described. 

Discussion. j 

The Chairman (Major Sir Humphrey Leggett, 
R.E., D.S.O.), said the author had given a most 
valuable account of what must be one of the most 
adventurous and dangerous occupations of the 
world. His description recalled the poet’s words, 
*‘Hope springs eternal in the human breast,” and 
showed that man would undertake almost any 
hardship in the hope of reward. It must have 
been a surprise, he thought, to some of the 
audience, to hear how many men were engaged 
in the industr>% and that, during a time of rush, 
the numbers at a township rose by many 
thousands. The thought had occurred to him 
that, in the coming and going across unknown 
land, although but few people might reap the re- 
ward for themselves, not only were inost valuable 
discoveries made in connection with diamonds, but 
other unsought for discoveries resulted. This ad- 
venturous groping also had the effect of bringing 
to the knowledge of the natives of the districts 
explored, what a white man and white civilisa- 
tion really were. The behaviour of the white man 
in out-of-the-way parts was undoubtedly an ex- 
ample for good. The old lurid stories of what 
occurred in the mining camps were things of the 
past Englishmen in the outlying portions of the 
Empire behaved as Englishmen should do. It 
was not always borne in mind how much inter- 
national politics had been affected by exploration 
and search for diamonds. Sir Harry Wilson, who 
was present, would remember that in the old days 
the boundary between the British territory and the 
old Dutch Republic turned on a question of where 
the diamond deposits lay. An extraordinary wind- 
fall had come to the British Empire in the acquisi- 
tion of South-West Africa, and there was a possi- 
bility of considerable wealth being extracted from 
the country by systematic company or individual 
endeavour. He believed it was a fact that qs per 
cent of the diamonds of the world were produced 
within the British Empire, and that had a con- 
siderable inftuence on international exchanges — 
for example, it would be a serious thing if the 
people of England wished to buy diamonds and 
had to purchase them from the United States, in- 
stead of the business being in the reverse direction. 
It seemed to him, however, that the discoveries 
- which were being made day by day by adventurous 
people were in need of regulation. He under- 
stood from the author that the greater part of 
South-West Africa was now forbidden to the in- 
dividual, and he thought the author had done 
wisely in trying to dissuade individuals from 


adopting the life of a diggei. There could be no 
doubt that the alluvial diaraond mdustiy * 

great imiMirtance to the welfare of South Atiu.i, 
and probably other poitioiih ol f 'c liuto-h luii pin 
as well, and that, under regulation and ‘‘M < > t 
guidance, the end of the discoveiies ot bui li 

wealth was nowhere near. /di,,.,!,,,; 

Prof Ernest H. L. Schwarz, l-.G.S. (Rhodes 
University College, Grahamslown), said the 
author had very rightly indicated that geologists 
did not know very much about the origin ot dia- 
monds in alluvial deposits. The subicet was an 
exceedingly difficult one. He remenibeied being 
shown at the head office of the He Heeis lyiiiie in 
Kimberley a beautiful oclaliediou over an inch in 
diameter, which the e.vpeits then- .said un- 
doubtedly came out of one of the mmes in Kini- 
berlcv, but a digger in the river diggings had 
brought it m to sell. The detectives at Kmi- 
beilev identified it as a mine stone, but the digger 
declared emphatically that it was a diamond from 
the river diggings. The detectives eventually 
went out to the claim and dug the gravel thmn- 
selves from which they obtained the same kind ot 
diamonds. It was dillicult to get over evidence 
of that sort. He believed the aullior was correct 
in saying that the river stones were different from 
those that were obtained from the mines, but 
cases occurred in which it was dillicult to make 
such a definite statement. It was not known 
where the alluvial diamonds came tioin. 
some years past he had been getting washings 
from sandstones of a consideiable age, and he 
very often found diamond splinters in^ the con- 
centrates, and diamonds were also obtained tiom 
the Witwatersrand (xingdomerate. It was a pos- 
sible theory that the diamonds found along the 
Vaal and Orange Rivers did not come fumn the 
mines at all, but from a covering of triassic sand- 
stone. The sand might have been blown away, 
and the heavy concentrates been washed out of 
the rivers, the gravels thus being obinine<l I e 
endoised the author’s advice that nobody shoult 
rush out to South Africa and start diamond 
digging. 

SIR Harry Wilson, K.C.M.G., K.B.K., in deal- 
ing with the administrative aspect of the river 
diggings, said that when a large shifting popula- 
tion suddenly assembled in a place in which there 
was no provision for them, naturally the Govein- 
ment of the country had to take certain measures 
to provide them with the necessaries of organised 
hfe Such instances occurred on the Vaal River 
on the borders of the Orange River C'olony. lie 
remembered on one occasion travelling to see llu‘ 
diggings not far from Christiana, where tlu'i'e 
was a large collection of river diggiu's, an<l La<Iy 
Wilson and himself had two or three very interest- 
ing days in visiting the whole community. On 
that occasion diggings were going on in the bed 
of the River Vaal, some of them of a very olal^or- 
ate kind. There were also ordinary^ diggings in 
various parts of the gravel, and miniature under- 
ground mines were being worked in other places 
by small syndicates of diggers. He desired to en- 
dorse what the author had said about the exceed- 
ingly law-abiding character of the population, 
which, coming as it did from all parts of the 
Union, was naturally composed of very diverse 
elements. No trouble was ever expeiienccd with 
the river diggers, and he thought it might he said 
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that the Aclnunusti atiun did their best in the old 
thrown Colony days to piovide them with certain 
necessaries, tor instance, schools, and inspectors 
and police. He thought the discovery of dia- 
nionds near Rouxvillc must be quite recent, as he 
did not remember diamonds being found there 
during his term of office in South Afiica. He 
would very much like to know with wffiat river 
system it was connected; he presumed it w^as the 
Orange River. 

Mr, Cornell said that all the diggings were m 
the old bed of the Orange River. 

Sir Harry Wilson, continuing, said that tw'o 
very remarkable discoveries of diamonds occurred 
whife he was in the country, one, the Roberts’ 
Victor Mine, and the other the Voerspoed Mine, 
m the neighbourhood of Kroonstad. There w^as 
an interesting story in connection w'lth the first 
mine. An old Cape farmer of the Eastern Pro- 
vince named Roberts continually dreamed that he 
was going to find a diamond mine, and so con- 
vinced was he that the dream would prove to be 
tuic that he sold up his property in the Eastern 
Province and bought a faim in the neighbourhood 
of Boshof in the Orange Free States. Instead of 
farming it, he set to work to try and find a dia- 
mond mine, but he did not discover one. He 
eventually died, but in his will he told his execu- 
tors that they were to cairy on the woi'k he had 
begun, because he was quite certain there was a 
mine on the property. One of his executors, now 
. eimtor Sir John Fraser, employed the best ex- 
pert he could obtain to cany on the work, and 
within three or four weeks of the date of his em- 
ployment one of the richest mines in South Africa 
was disco vcied wuthin a very few yards from 
where Mr. Roberts had been working. Mrs. 
Roberts leased her interest in the mine for a com- 
paratively shoit peiiod for a very large sum of 
money, 

pu. M. Horn (Councillor of State, Belgium), 
said that although diamonds w’ere widely distri- 
buted in the Belgian Congo, the only exploitable 
deposits so far found w'cic the alluvial diamond 
lie Ids of the Kasai distiict in the vicinity of the 
River Tshikapa. These fields w^cre discovered in- 
iqo7, and washings commenced in 1913. The 
eiforLs of the Administration were first of all de- 
voted to providing this outlying part of the Colony 
with means of communication. A load about gs 
miles long, suitable for motor lorries and oxen- 
wagons w'as now leading from Djoko-Punda, the 
navigable terminus of the Kasai River, to the 
diamond fields. The output had risen from 50,000 
carats in 1915 to 215,000 carats in 1919. The « 
value of the output of 1920 was estimated at 
^(100,000. On the avciagc, the stones were small, 
but of good -quality ; the largest stone yet found 
weighed about 32 carats. The number of natives 
at present employed on the ‘^placers” was about 
8,000, whilst several thousand more were finding 
employment in providing housing for the white 
staff and Government officials, road-making, and 
other constructional work. The Soci^td Inter- 
nationale Foresti^rc et Mini^re, a little over half 
of the capital of which the Belgian Congo Govern- 
ment owned, the remainder being divided equally 
between some Belgian groups and the American 
banking group of Guggenheim, controlled the 
undertaking. In view of the rapidly growing re- 
quirements of the district, the import trade 0? the 
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countiy would be considerably developed, and it 
would prove, he hoped, a n-ew^ market for British 
industry, and at the same time prove of advan- 
tage to the owmers of the mines, the natives and 
the Congo Treasury. 

Mr. J. L Williams said that the discovery of 
diamonds in Eastein Akim, to wffiich the Lecturer 
had referred, was made by the Director of Geology 
to the Government, who, in the course of his pere- 
grinations for the purpose of building up the geo- 
logical data of the country, panned some gravels 
w'hich he thought might contain gold, and found 
diamonds in addition to gold ; and as a result of 
several days’ investigation, discovered diamonds 
in ten different places. Operations had been con- 
ducted in various directions, and diamonds had 
been obtained with a considerable amount of ease, 
and an alluvial deposit 01 a shedding 01 detrition 
undoubtedly existed. As the Lecturer had seen 
the diamonds that had come from it, he would be 
glad to know whether their appearance indicated 
the probability of the source being more easily 
discovered than in South Africa. He believed 
that at Kimberley the surface discovery consisted 
of high-grade alluvial deposits which afterwards 
turned out to be detriton from pipes in the 
locality. Indications were that plenty of dia 
monds existed in Eastern Akim, and if those con- 
cerned with the development could be informer 
that the appearance of the stones found there in 
dicated something different from those found ii 
South Africa, it would be greatly appreciated. 

Mr. W. S. Lockhart, M.Inst.C.E., said he 
gathered from the paper that the diamonds ir 
German South-West Africa were mostly of verj 
small size, and it would be interesting to knov 
if any large diamonds had been found, and if so 
up to what size. He also desired to ask whether 
if operations were carried on further aw'ay fron 
the coast, stones of a bigger weight might be ex 
pected to be found. Did the character of th 
gravel in German South-West Africa coincid 
with the river digging gravel, and were the dia 
nionds like those obtained from the river digging 
and the mines? 

Rear-Admiral J. de Courcy Hamilton, M.V.O. 
in proposing a vote of thanks to^ Mr. Cornell fo 
his excellent paper and lantern views, said he w^a 
glad to know that the diamond-cutting industr 
had now been introduced into this country an 
gave employment to a very large number of e> 
Service men. Although diamonds were wor 
mainly by ladies, he imagined from the slides th? 
had been shown that there were no ladies on th 
diamond fields at all, so at any rate, there was 011 
industry which was left for men exclusively, 
was a very fortunate thing that Providence ha 
placed at the disposal of mankind rare metals an 
stones which were essential to the making ( 
accurate watches, scales, and compasses. 

Mr. Walter Reid, F.I.C., F.C.S., in secondir 
the motion, said that if anybody desired to re? 
a book which indicated that Britishers were n 
yet played out, they should read Mr. Cornel’ 
^‘The Glamour of Prospecting,” which was on-e ' 
the finest works of the kind that had ever bet 
written. As an old prospector in Brazil, he d 
sired to state that the question of the origin of tl 
gravel in Which diamonds were found was 
the greatest impcwrtance to those connected wi 
the industry. The reference made in the pap 
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to the glacial origin was, he thought, quite cor- 
rect. With regard to the question of the whole 
of the industry being absorbed by one big com- 
pany, while that company might make a profit 
out of the undertaking, that was not the way to 
develop the industry. The statement had been 
made that m what was formerly German So-uth- 
West Africa, nobody might dig or prospect for 
diamonds. He thougdit that was shutting down 
an industry which might become extremely valu- 
able to the country. The question was also of 
importance to the diamond industiy itself. An 
industry was not necessarily improved by raising 
the prices, and it must also not be forgotten that 
some very clever chemists were on the track of the 
the diamond producer. He knew what had been 
done in connection with the production of dia- 
monds artificially, and he had made artificial dia- 
monds himself, using carbide as the raw material 
He had been much struck by a notice which 
appeared in the Press that the Nobel Dynamite 
Company of Hamburg, were producing diamonds 
artificially and had made many thousand carats. 
That might or might not be true, but the artifi- 
cial diamond industry might grow as the artificial 
indigo industry grew. Diamond producers ought 
to bear in mind that the higher they kept the 
values the better it paid other people to produce 
diamonds atrificially. 

The Chairman, before putting the motion, said 
It had been hoped that Sir Bernard Oppenheimer, 
who had just been honoured with a Boronetcy in 
recognition of his services in introducing the dia- 
mond cutting industry into this country, and there- 
by given employment to a large number of ex- 
Service men, would have been present at the 
meeting. He was sure it was the desire of those 
present that they should record in an informal 
way their congratulations to Sir Bernard Oppen- 
heimer on the great honour which had been con- 
ferred upon him. 

The motion was carried unanimously. 

Mr, Cornell, in reply, said the reference Prof. 
Schwarz had rnade to stones being found on the 
Vaal River, which the experts declaied to be mine 
stones, although they were not, was typical of 
what had happened on more than one occasion, 
but he maintained the statement he had made in 
the paper was correct — that there was a percep- 
tible difference between diamonds found on the 
diggings and those found in the mines. One of 
the farmer experts of the De Beens Company 
possessed a.n almost uncanny sense of the origin 
of diamonds. He could not only differentiate 
betwep diamonds from the diggings but between 
the diamonds from various mines. He agreed 
with Sir Harry Wilson’s statement that the Ad- 
ministration was to be commended for the way in 
which it had handled the populations in the dia- 
mond districts, particularly in times of rush, 
when an enormous population would congregate 
at a particular place within a very short time. He 
had been much interested in what Dr. Horn had 
said with regard to the Belgian Congo. Data had 
not been obtainable in regard to Belgian Congo 
diamonds, and he would very much like to get 
as much information on the subject as possible. 
It was not easy to dogmatise with regard to the 
Akim diamonds after merely seeing them in a 
parcel, but he had formed the opinion that they 
were not alluvial diamonds, as the term was 


understood in South Africa. They must have 
been found within a very short distance of h(;me 
idug, vent, or form of matrix in the immediate 
locality. None of the detritus wliich had been 
shown him could be called gravely and, moreover, 
the diamonds were of quite a different kind fnim 
those found in the deposits of South Afnca, The 
stones found in German South-West Africa were 
very small ; in fact, they appeared almost to have 
been graded because of their extraordinary simi- 
larity one to the other, which was not a feature of 
the stones found on the Vaal River or any of the 
other diggings in South Africa. An entrancing 
feature of the diggings proper was that, while one 
■plot might produce a tiny stone, the next plot 
might produce one the size of a walnut. The dia- 
monds were irregularly distributed, and very 
irregular in size, varying from hundreds of carats 
down to minute stones. The largest stones found 
at Pomona ranged from four to six to the carat* 
and were all of excellent quality. Those found 
at Kolmans Kop were smaller still, and as one 
went farther north so the size of the stones de- 
creased, It was said that one stone had beeti 
found at Pomona which weighed 20 odd carats, 
but it had never been proved to have come fn;m 
there. The 5,000,000 carats of diamonds that had 
been produced in German South-West Africa had 
scarcely produced a dozen stones of a carat weight 
each. The diamonds were not found in what 
would be termed gravel, but grit, which 
had been ground down to the same size as the 
diamonds found in conjunction with them. With 
regard to Mr. Lockl^art’s question as to whether 
stones of a larger size would be found farther 
away from the coast, inasmuch as the grading, 
appeared to have taken place by the action of 
sea and the wind, and as it was a country in which 
the whole surface of the ground walked in a 
storm, it might very conceivably be the ruse that 
other deposits of larger stones w<Hild eventually 
be located farther inland. It was not roirect, 
as Admiral Hamilton had inferred, that thme 
were no ladies on the diggings. As a matter of 
fact, quite a number existed there, and also child- 
ren, many of the diggers having their wives and 
families with them. He thought Mr, Walter 
Reid had missed the point in connection with his 
remarks that all the diamonds in German South- 
West Africa were in the bands of a company, Hr 
quite agreed that freedom of prospecting was the 
only possible thing for open countries, but he de- 
sired to emphasise that most of German South- 
West Africa was extremely clifiicuit country. 
Moreover, not the whole of it was forbidden to 
the prospector, but only the strip 100 kilometres 
inland from the sea from the mouth of the river 
up to the 2C)th degree. Personally, hr was a long 
way from saying that synthetic diamonds were 
impossible, but ho did not think the average dia- 
mond co m pany fe ared thdr advent, 

Perphosphates an?) Their iNnusTRiAirAppucA- 
TiON.— Like pcrsulphates, pernhosphates are of 
two distinct types. (i) Perpbo.sphatoh obtained 
by electrolysis of a concentrated solution of bi- 
basic phosphate, which correspond to PaOslI^, (2) 
Perphosphates obtained by the action of concen- 
trated hydrogen peroxide on an add phosphate, 
and corresponding to the acid analogous 

with the mono-persulphuric acid of Caro (P. 
Ammen Sthweiz, Cheni, Zeitj i^ 2 o).-^Chimie H 
Industrie i December, 1920. 
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PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 


Ordinary Meeting^ February 17, 1921. 

Prof. C. S. Sherrington, President, in the Chair. 

The following papers were read ; — 

Comfarison of Magnetic D eclination Changes 
at British OhserwtoriesF By Dr. C. CHREE, 
F.R.S. 

Field observations of magnetic declination 
usually aims at supplying not so much the in- 
stantaneous value as the mean value appropriate 
to the place. Unless the observations extend over 
several days, reference is necessary to the records 
of a magnetic observatory, and high accuracy is 
unlikely unless the changes at the held station and 
the obseivatoiy on the day of obseivation have 
been closely similar. 

The main object of the paper is to investigate 
the parallelism of declination changes in different 
parts of the United Kingdom. 

A comparison is made of mean monthly, daily, 
and hourly values as different stations, and of the 
relative amplitudes of the oscillatory movements 
which frequently occur on comparatively quiet 
days. Use is made of magnetic curves from Esk- 
dalemuir, Stopyhufst, Falmouth, and Kew 'Obser- 
vato-rie$^/, , ; , 

> Ttmemission of Electric Waves around 

^me\EarWs SurfaceJ^ By Prof. H. M. Mac- 
donald, F.R.S. 

^^The Stability of Fluid MotionF By Prof, T. 
H. Havelock, F.R.S. 

The object of the paper is to illustrate the use 
^of the criterion, introduced by Reynolds and modi- 
'fied by Qrr, as a measure of the degree of stability 
of various fluid motions under dijfferent boundary 
'Conditions. After a discussion of the method, 
some cases are examined from this point of view 
they include the flow of a stream with a free sur- 
face, and flow between fixed planes under different 
fields of force and boundary conditions of no slip 
or no tangential stress or constant normal pressure 
due to the disturbance from the steady state. 

^^Transformation of bitegrals.^^ ByProf. W. ll. 

^ Young,, F.R.S. 

^^The Constitution of the Alloys of Aluminmumj 
C offer j and ZmCj containing High Percentages 
of ZincF By J. L. HaUGHTON, D.Sc., and Kath- 
E. Bingham, M.Sc. 

The ^ paper deals with the constitution of 
aluminium-copper-zinc alloys containing not more 
than 15 per cent. of aluminium and 10 per cent 
of copper. The investigation has been carried 
out by the study of the heat absorptions and evo- 
lutions which take place in h-eating and cooling 
alloys between temperatures at which they ar? 
liquid and ordinary temperatures ; by the measure- 
ment of electrical resistance at various temperf^ 
tures, and by microscopic study of sSp^cimens 
..which have been annealed fof'|T6 longed' periods 
l^d quenched, or which bavf:been v^r^ slowly 
^i^^i^ed and quenched. ^ 

' From the results obtained , a model has beeu 
constructed to represent tl^e <^Jistita|M 
peratUrts above 25a® C., and 


of this model aie given in the paper, as well^ as 
a senes of isothermal sections and sections 
parallel to the aluminium-zinc face and to the 
copper-zinc face. A number of typical photo- 
micrographs are shown. 

The diagram advanced by Rosenhain and Arch- 
butt has been used as one face of the ternary 
prism, the other binary system face being some- 
what modified from TafeBs diagram. The ter- 
nary system contains an eutectic having a compo- 
sition of Cu 4 per cent, A 1 7 per cent, Zn 89 per 
cent, the temperature at which it forms — ^378® C. — 
being only 2° C. lower than that at which the 
binary aluminium-zinc eutectic is formed, A 
binary eutecto-idal complex is formed between Al^ 
Zng and the copper-zinc solid solution Such a 
formation is very unusual, if indeed its occurrence 
elsewhere is known. The line along which this 
complex is the primary separation from the liquid 
forms one of the valleys running down to the 
ternary eutectic ; the other two are the depressed 
aluminium-zinc eutectic and the line separating 
primary e from primary 


FARADAY SOCIETY AND MANCHESTER 
LITERARy ^ PHILOSOPHICAL SOCIETY. 

A JOINT meeting of the Faraday Society and the 
Manchester Literary and Philosophical Society 
was held at Manchester on Friday, February ii, 
1921. 

Sir Henry A. Miers, M.A., D.Sc., F.R.S., Presi- 
dent of the Manchester Literary and Philosophical 
Society, introduced into the chair Prof. Alfred 
W. Porter, D.Sc., F.R.S., President of the Fara- 
day Society. 

Dr. Allan Ferguson, M.A., opened the discus- 
sion with the reading of two papers on 
“Capillaritv/’ 

Part I. ^\Some General Consideratiojis^ and a 
Discussion of the Methods of Measuring Inter- 
facial T ensioiis, ” 

The importance of accurate measurements of 
surface tensions, in view of the rapidly 
accelerating development of colloid physics, is 
becoming increasingly manifest, and a systematic 
determination of capillary constants is urgently 
needed. In this paper are discussed the “genetic'* 
relations of various methods for the measurement 
of surface tensions. A critical comparison oi 
these shows that amohg the most promising 
methods for systematic use are those depending or 

(1) the measurement of large bubbles or drops: 

(2) the‘ measurement of the maximum pressure re 
quired to release a bubble of air from the end oi 
a capillary tube immet^sed in the liquid; (3) thi 
measurement of th^-.ipi^mum pull on an anchoi 

. ring which is immersed in the liquid and slowb 
withdrawn therefrom. 

^ Some confusion exists As to the conditions unde 
which the equations fdr Ithe ascent of a liquid ii 
a. capijlaih?' tube are TIttid* By a comparative^ 
&iigopie analysis Tt' is that, where is tb 

’ speci&C. cohesion tod height tq which th 

^ liquid rises in a tube^ff radius th4 'eqtiatioh^ 

? ^ ^ "I 'I f yT ' . p I t 

■S .l^.adequnl4 W | j ■* ’ Iff ‘ 
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Methods are proposed for the measurement of 
the surface tensions of such liquids as molten 
metals, and the important problem of the accurate 
measurement of interfacial tension is discussed. 

PART II. ^^Modification of the Capillary Tithe 
Method for the Measurement of Surface Ten- 
sionsy By ALLAN FERGUSON, M.A., D.Sc., and 
P. E. Dowson, M.A. 

The capillary rise method for the measurement 
of surface tensions retains its hold on the affec- 
tions of experimenters by reason of a somewhat 
delusive simplicity. In this paper a modification 
of the method is proposed in which the meniscus 
is forced down to the end of the capillary im- 
mersed vertically in the liquid and the pressure 
required to effect this is measured on a separate 
manometer. This simple change sweeps aw'ay 
most of the difficulties attendant on the practice 
of the ordinary method. Small corrections apart, 
the difference of level of the surfaces of the liquid 
in the gauge is equal to the height to which the 
same liquid would rise in the capillary tube em- 
ployed. By using a specially light liquid in the 
gauge, this difference may therefore be magnified. 
But any manometer of sufficient delicacy may be 
used, and the use of a catometer avoided. Thus 
the differential manometer or a simple sloping 
tube manometer will give^ accurate results by 
ordinary naked eye estimations. ! 

Temperature control becomes relatively simple 
and the temperature of the meniscus may be esti- 
mated by means of a thermo- junction placed close 
to the end of the tube. Calibration of the capil- 
lary is unnecessary as measurements are always 
made with the meniscus in one definite position — 
at the end of the tube. The following values for 
the surface tensions of three liquids were obtained 
by this method : — 

Benzene : T15 =• 29*66 dync-cm.-^ 
Toluene : Tis ■-29-23 dyne-cm 

Methyl propionate : T 15* 5 = 26*09 dyne-cm 

Prof. A. W. Porter, Dr. F. C. Thompson, Mr. 
Fry, Dr. A. M, Williamson, Dr. R. S. Willows, 
Prof. W. W. Haldane Gee, Mr. C. E. Stromeyer, 
and Prof. Arthur Lapworth took part in the dis- 
cussion. 

A number of manometers were exhibitedj in- 
cluding ’a chattock tilting manometer, and a 
Threlfall micro-manometer, lent for the occasion 
by the Cambridge and Paul Scientific Instrument 
Company. 


OBimRY. 

PROFESSOR W. ODLING. 

The death of Professor W. Odling on February 
17, at the advanced age of 92, removes the last of 
a small party that used for years to meet monthly 
at Kensington Park Gardens for the “Water” 
dinner. Crookes, Odling, and Tidy are three 
names that for many years were associated with 
the examination of' the London Waters, The 
“Dinners” were of that cosy character that Crookes 
used to delight in, and Dr. Tidy, who was a 
splendid talker, kept the party in a state of uproar 
the whole evening. 

On one "occasion the writer very distinctly 
remembers at explosion of gas that took 


place in the house about five minutes before 
the dinner hour. The gas engine that in 
those early days wa.s used to produce the 
electiic light .sprung a leak, filled the engine 
room with gas, and fired it off, ^ wreckijig 
everything in the basement, and smasliing ail the 
crockery in the kitchen ; but nevertheless the 
dinner was held with its usual fund of interest 
and amusement. 

It is not generally known that Prof. Odling as 
w^ell as Prof. Newlands, was one of the pioneers 
in attempts to devise a scheme of classification of 
the elements; he published a paper on the 
“Natural Groupings of the Elements” in 1857, 
Prof. Odling succeeded Faraday as Fulleriau 
Professor of Chemistry at the Royal Institution. 
He was President of the Chemical ^ Society in 
1873-74, and also of the Institute of Che mistry. 

'correspondence. 

Editor does not accept responsibility for any opinions 
expressed in this “ Correspondence " column. They must In 
every case be considered as those of the writers. 


THE CHEMICAL SOCIETY. 


To the Editor of ike Chemical News, 

Sir, — In April, 1920, a new set of by-laws pro- 
posed by the Council of the Chemical Society were 
ratified at an Extraordinary General Meeting. It 
will raise, according to circuni.sta’iVres, either a 
wan smile or a broad grin on the faces of those 
who recollect that at the meeting the attendance 
was 39. The membership of the Society is over 
3,500, so that the new by-laws have in fact been 
imposed upon the Society by i per cent thcfe 
Fellows, the general body having had no saV 
whatever in the matter. It is very high time that 
this anomaly was rectified, An improvement has, 
indeed, now been made in the manner of the elec- 
tion of Council, and in future, the general body 
of the Fellows will have some .say there. Hut the 
c.xisting Council took care to neutralise this ad- 
vantage by inventing a by-law which secures that' 
any proposal to change the by-laws of the Society 
must still run the gauntlet of a meeting in London 
at which it is never possible for more than a very 
small minority of the Fellows — and those almost 
exclusively resident in London — to be present. 
If such a proposal is lost there it is lost for good. 
But should it by some miracle win through (a 
two-thirds majority being necessary), then a poll 
of the members may be called for — and leaction 
has another chance. There is no provision for a 
poll in the o^her case; what is sauce for the 
chemical goose is not sauce for the chemical 
gander. The proper course for the existing 
Council to have taken wa.s to arrange for the ad- 
mission of women and for a satisfactory method 
of electing a Council really represcuilativc of the 
Society, and to leave to that Council the produc- 
tion of new^ by-laws. It is to be hoped that the 
provincial Fellows of the Society will be properly 
impressed by the fact that whilst they have been 
graciously accorded an opportunity of recording 
their votes for" members of Council on the ballot 
papers just issued, they have no say on the advi.sa- 
bihty of altering one of the by-laws, although 
their opinion might just as easily be obtained on 
the pne subject as on the other am, &c., 

Fatter.son. 

University of Glasgow. 
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MANUFACTURE OF FINE CHEMICALS. 

To the Editor of the Chemical News. 

Sir, — W e, the undersigned, makers of fine chemi- 
cals, extended our research and manufacturing 
plant at the urgent appeal of the State during the 
tremendous years that followed 1914, in order to 
secure those essential products of science without 
which victory could not be attained. The full 
record of war-time achievements in the sphere of 
fine chemicals would read like a romance were 
the full history disclosed. This key industry is 
now endangered, and unemployment is rife in it, 
owing to the flood of imports from abroad which, 
among other circumstances, the present conditions 
of the Exchanges makes devastatingly possible. 
We desire to submit to public knowledge the fol- 
lowing facts : — • 

1. The application of chemical science to in- 
dustry is a necessary factor for the preservation 
of our ‘world position in commerce. It is also 
true to say not only that the chemist and the 
laboratory are in the first line of national defence, 
but are pivotal m the development of our indus- 
trial and commercial resources and wealth. 

2, At very considerable cost, essential plant 
was erected during the war years, and all of it 
can now be put to peaceful purposes for the con- 
tinuance in this country of a fine chemical indus- 
try not inferior to Germany's. But, under the 
present unfair economic circumstances, this plant 

become idle and useless, unless the State 
takes measures for its safeguarding. 


3. The fine chemical industry, mobilised and 
expanded in the hour of the nation's needs, pro- 
vided during the war — to give a few examples — 
(a) essential medicinal preparations for naval, 
military, and civilian hospitals; (b) the higher 
forms of explosives and gases; (c) photographic 
chemicals for aerial use; (d) research chemicals, 
without which the development of many new in- 
dustrial processes would have been impossible. 

4. British science is no whit inferior to that of 

co’mpeting nations, nor are British chemical manu- 
factures inferior in quality. ^ ^ 

We feel it our bounden public duty to make 
knowm to the country the national importance of 
an industry which is indeed a key to the unlock- 
ing of many doors of economic wealth in the 
future. — We are, &c., 

Stafford Allen & Sons^ Ltd. 

A. Boake, Roberts, & Co., Ltd. 

Boots Pure Drug Co., Ltd. 

The British Cellulose & Chemical Manufac 
TURING Co., Ltd. 

The British Cyanides Co., Ltd. 

The British Drug Houses^ Ltd. 

British Vegetable Products., Ltd 

Burroughs, Wellcome^ & Co. 

W. J. Bush & Co., Ltd. 

J. M. Collett & Co., Ltd. 

Evans, Sons, Lescher, & Webb, Ltd. 

Grays Dyes & Chemical Works 

Hopkin & WiLLUMS Ltd. 

Howards & Sons, Ltd. 

[Continued on p. 120 
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NOTES. 


NOTICES. 


EDlTORlUti.— All r.iterary conmmnicationa and Hooka, Oliomlcal 
Apparatus, Ac., for roview or notico to be nddi eased to the 
Editor. 

SUBSCRIPTIONS* <£1 I'is. per annum, payable in advance, should 
be addressed to the Manager, 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe I^ane, London, E.C 4. 


Society' OF Leather Trades Chemists.— A meet- 
ing of the British Section will be held at Leather- 
sellers’ Technical College, 176, Tower Bridge 
Road, London, S.£ i, on Friday, March 18, igat, 
at 10.30 a.m. In addition to the official business 
reports will be given as follows : — “Sole Leather 
Analysis,” by Di. J. Gordon Parker; ‘‘Dressing 
Leather Analysis,” by Mr. P. R. Barker; “Chrome 
Leather Analysis,” by Mr. D. Woodroffe ; “Tannin 
Analysis,” by Mr G. E. Knowles; “Sulphonated 
Oils,” by Mr. C. F. Barber; “Limeyaid Control,” 
by Mr F. C Thompson, The following Officers 
of the British Section have been elected for 1021 : 
President — Mr, J. R, Blockey ; Vice-President — 
Mr W. R. Atkin; Hon. Treasurer^ — Mr. C, D. 
Wilkinson, “Kingshurst,” Great Sankey, nr. War- 
rington ; Hon, Secretary — Mr. S. Hirst, 43, Wood- 
bridge Road, Knowle, Bristol; Members of Com- 
mittee — Prof. D. McCandlish, Mr. J. T. Wood. 


MEETINGS FOR THE WEEK 


UafoH 14. 

Soci^y of Avt»,f. ‘^K-Ray* and thdr Industrial AppUca- 
tiqds ” Dy Maj(^ 6, W, C. Kaya. 

Biochemical Society. 

Xwtfsday, Mauh 15. 

Royal Institution, 3. ** I!i>arvfin^s Theory of Man’s Origin ” by Prof. 
Arthur Keith. 

natitutlon of Petroleum Technologists, 5 30. 


ADVERTISEMENTS. 

All oommunloatlons for this Department should bo ad^ 
dressed to— 

T. G. SCOTT & SON, 

63, Ludoate Hill, I.^ndon, E C.4, 


^HE Owners of British Patents Nos. 18i809&,’ 

^ 138328, 188829, J 88330 and 188831, all relating to the manufaotnre 

of Glycerol from .Sugar are desirous of entering Into 
negotiations with one or more firms in Great Britain tor tha 
purpose of exploiting the above inventions, either by sale of the 
Patent Rights or by granting licences to manufacture muler Royalty. 
Eiwjuiries should be addressed to Messis. A«ki. & Imkav, 
Chartered Patent Agents, 80, .Southampton Buildings, W.C.ii. 


XECHNOLOGICAL chemist desires 

* position. Graduated with honour at tJio Polytechnic 
(University)y Riga, with great experience m pure and nianu« 
facturing chemistry. Good analyst und akilftil in research, 
especially aniline lakes for printing inks ; could also be useful in any 
other chemical line. Good organiser. Box 820, T. G. Scott St Son 
68, Ludgate Hill, London, H.C.4. 



\X/ ANTED for a hftoh'th or hossibly longer’ 

V V CIIBMIST with experleno# H tflchhfcal prooeasen. Apply 
Box 824, c/o T. (>. Scott & Son, 88, Ludgate Hill, K.G,4. 


PATENTS, TRADE MARKS. Plandbook 

•L nnd advice free- B. T. King, BritiRh and U. S, Kegd, Patent 
Attorney, 146a,Queen Victoria St., London. 85 years refsreeef 


W'tdn^sday, Match 16. 

Institution of Electrical Engineers, 3.30, *' EfiTeot of Electron 

emission on the Temperature and Anode of a Thermionic 
Valve,” by Mr. G. Stead, M.A. ” On some Thermionic Tube 
^^ic^and Measuring " by Miss W, A. Leyshon 

ll^al Society of Arts, 8. ” Science and the Investigation of Crime ” 
by C. A. Mitchell. 

Royal Microscopical Society, 8. 

‘ I " ‘ Thursday^ March 17, 

Society, 4.30. “golout of the light from the Night Sky” 
, ^ L^rd Rayli^h, F.U.S. ” Diswpatioa of Enwgy Tn perma- 

S ' bentOcean Ointrents, with some Relations between Salinites, 
r Twperatures. and Currents” by R. O. Street. “The 
r i ‘ Vactuiha Are Spectra of SoMnm and Potassium ’’ by S Datta, 
oPCoibhdstion and Formation of Nitro-oompounds 
by wE, %uner amd C.X, Abemethy* “Catalytic D^ydro- 

^ T^d^i Instittitien, 3. *‘Tlie Meteorology of &e Antarctic by 
, Dr, G. C. Simpson. 

Cl*emical Society, 4. " 

l^i^mion pf Mining add Metallurgy, 5.30. (Annual Meeting), 
bo^tution ^ Electrical Engineers, 6, *^The Long-distance 
^ ' Telephone ^S^ste^of the United Kingdom “ by Sir William 

KobW.^ 

Somety of Chaei^ioai Indnstry, (At BrSstel). 

,( ^ Friday i March ii. 

‘^^^seaiwhes of a hf Antiquarian ” by 

(At shield). , 

Eoyia Jimthtttion, 3. “E|.ecitricity and Matter” by Sir Ernest 
Rutherford. 


CHEMICAL APPARAfUS 




ChBm§oais far Raaaaroh Wark» 

JOHN GRIFFIN & SONS, Ltd., 

KINGSWAY, LONDON, W.C. 

Tf in good condition, Sixpence per copy will be 

plddf^^nyof the undermentioned numbers of theCHHMICAL 
NElVs' which may be forwarded to this oflice ‘ 

■'A 3048, May 24th, 1918, 

, 3051, July 5th, i9> 

3053, August and, 1918, 

3Q34» August i6th, 1018, 

' sqsd, September 13th, 291S. 

October a5th, 1918 
" go^, December 6th, 1918, 

3063, December floth, 2918, 

3664, January 3rd, 1919. 

' f ' 3066, January lyth* 1919. ^ ^ * 

* 3068, January 31st, loio, 

3075, March aist, 1919. 

(^HTPVrirAT MPW'R Ovvirv CfT T a.n» T 1? r* i 









Chemical News*! 
March i8, 1921 J 


121 


Spiral Classification of the Elements 

of the atomic weights. An increase of one unit 
for every ten or twenty units of atomic weight will 
suffice Taking the atomic weight of 240 as 
centre, the elements are theh plotted as they de- 
crease in weight, in (say) a counter-clockwise 
direction, each being placed on a radial line at its 
correct value, as given in the International List. 
Commencing with uranium, a practically perfect 
spiral will then pass through all the elements 
until hydrogen is reached, this element being 
placed at the end of the halogens, since to place 
it at the end of the alkali metal group, where for 
many reasons it is often shown, would distort the 
last convolution of a spiral which is certainly 





uninteresting table, and more of the suggestive more nearly archimedian than logarithmic, 
evolutionary linking, which would make a greater .The advantages suggested for this means of 
appeal to the young learner of chemistry than the classification are : — 

usual method followed in the textbooks. Con- i. Each group is given equal importance, 
tinuity is its aim. ^ 2. The elements of each group, while con 

The spiral classification can be easily set out by nected by radials, yet never lack companions on 
noticing that the i8 sub-groups are allotted 20® either side with properties to a varying degree 
each of the complete circle. Concentric circles akin to their own, 

of increasing radii can then be drawn to any scale 3. ‘♦The muddling ^dong and short periods” are 
to act as a guide to plotting off the exact values dispensed wid^ 
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SPIRAL CLASSIFICATION OF THE 
ELEMENTS. 

By L. BEAUMONT TANSLEY. 

The drawing shows a simple method of tabulating 
the elements on the same basis as the periodic 
classification, but in a way which has less of the 






Nomenclature of Or game Chemistry [ Vg®!"® 


4. The “irregular^' elements — iron, cobalt, 
nickel, ruthenium, rhodium, etc. — usually placed 
as transition elements, for no veiy particulp 
reason, in an awkward space apart, here fit in 
naturally. 

5. The beginner at chemistry can see that as 
the atomic weight decreases the groups near the 
circumference become far apart in properties and 
position, and are more easily classified than those 
of high numbers crowded close together at the 
centre. 

6. The rare earth metals can be included with- 
out confusion, and fall together in a small area. 

7. Ideas can be suggested as to the breakdown 
of the radioactive metals in a regular way, and 
the formation of the lighter elements by degrada- 
tion can be visualized. 

S. The “rogue” elements could be brought into 
line by drawing the spiral with a larger numbei 
of convolutions in the same space so that tellurium 
could be on its correct radial line, but one con- 
volution nearer the centre than iodine on the 
halogen radial. It might be imagined that on 
degradation, one complete twist or oscillation of 
the parent stock gave tellurium only, but in its 
right order. 

g. A great amount of space is left for new' 
elements, 

February 6th, 1921. 

AN IMPROVEMENT IN 

THE NOMENCXATURE OF ORGANIC 
CHEMISTRY. 

By T, SHERLOCK WHEELER, A.R.C.So.I., B.Sc., A.I.C. 

That the nomenclature of organic chemistry is in 
urgent need of improvement is admitted by all 
chemists. A uniform system in which the names 
of all substances are scientifically connected with 
their formula is Ikcking. The Genevan system, 
in which some effort was made to end the existing 
state of things has found little favour, perhaps 
because it did not go far enough. The termina- 
tions by which it denotes the various classes of 
substances have, in most ckses, absolutely no con- 
nection with the characteristic formula of the 
class, s.g.j the ending “al” denotes a compound 
containing a carbonyl group linked to a terminal 
carbon ; in other words, a member of the so-called 
aldehydes. 

What is needed, however, is not criticism, but 
improvemenf. In the hope that those in the fore- 
front of chemistry may be induced to give the 
subject ^ the attention it deserves, the following 
suggestions and outline scheme are very tenta- 
tively put forward. 

Suggestions, 

I.* An International Congress, on the lines of 
the Genevan Congress, to be summoned to draw 
up a scientific system of nomenclature. 

The Congress to appoint then a permanent 
International Committee on the lines of the 
Atomic Weight Committee. The duties of the 
Committee to be *. — ^ 

h known types of substances 

officially name them on the lines laid do-wn 
by the Congress. ? 

4. To publish a dictionary in jthe main Euro- 
pean languages, giving the old and new names 


for each class of substance, and each substance 
w'here necessary. To' render each name mnemonic', 
the reasons for its adoption to be given in full. 

5. The duty of naming substances to include 
the naming, on a sciontiiic system, of all reactions 
and phenomena for wdiich a name is considered 
necessary. 

6. To publish a yearly report officially naming 
each new class of substance and type of pheno- 
menon discoveied during the picvious year. 

7. A certain number of years to be allowed to 
chemists to become familiar with the new system. 
After that, any paper not using it to be refused 
publication in any journal. 

8. All matters of doubt to be referred to the 
Committee. 

During the interval, before the system became 
compulsory, it could l>e gradually introduced into 
the textbooks. Anyone ignorant of the^ present 
system, and wishing to consult papers in it, could 
do so by the aid of the official dictionary. 

Outline Sche 7 ne of Noinenclature. 

The following system seeks to connect the name 
of each substance with its formula on a simple and 
consistent plan. The names may appear harsh 
and unfamiliar at first, but use would soon destroy 
these objections. 

General Complete saturation is showm by 

“a,” the first vowel. The presence of a double 
bond is shown by “e,'' the second vowel. Simi- 
larly for “i/^ the third vowel. Nitrogen, sulphur, 
and other commonly’ occurring elements are indi 
cated by their symbols “n,” “s/’ etc., according 
to the methods described below. Compounds are 
named either as derivatives of the parent hydro- 
carbon, or as the derivatives of tlje parent hydro- 
gen compound of some one element present. Ring 
compounds and one or two groups are named on 
a slightly different plan. 

Ofen Chain Hydrocarbons, — The paraffin hydio., 
carbons are called the “HaC’^ compounds, the 
number of carbon atoms being denoted by Greek 
numerals. Methane is monhac, pentane is 
penthac. The olefines are the “hec” compounds, 
acetylenes the “hic'^ compounds. The alphj/I 
radicals are the “ac’^ radicals methyl, which is 
methane minus “H,” being monac; ethyl diac and 
so on. In the same way vinyl, which is ethylene 
less H, is diec. The numbering of chains for the 
more complicated compounds is on the Genevan 
plan of taking the longest chain as the basis, 
tetramethyl methane is 2*2-dimonac-trihac. 

Halogen Suhstitniion Products of the Hydro- 
carbons. — They are named on the Genevan plan 
Ethylidcne chloride is i.r dichlordihac. Ally! 
chloride is i-<chlor-2-trihcc, or better i-chlor-2-{e)- 
trihac. 

Alcohols. — Water being the hydro-oxygen corre- 
sponding to methane would be “monhao” (or 
“hao”), and the hydroxy group the “monao” or 
“ao” radicle. It seems simpler, however, to in- 
dicate the hydroxy group by the monosyllable 
“ho.” Ethyl alcohol is then hodihac, allyl alcohol 
i-ho-2-{e)-trihac, and alcohols generally the 
“hohac” compounds. 

Ethers, — Since ethers are derived from alcohols 
by replacing H by an alphy] radical, their names 
are obtained by replacing the “h” of “ho” by 
“ac,” the radical symbol. Ethyl ether is then 
diac-o-dihac, methyl-ethyl ether is monocodihac, 


March x 8 , ];92X J 


N omenclature of Organic Chemistry 


123 


and the ethers themselves are the “acohac” com- 
pounds. In many compounds it will be noted that 
the final may be dropped without causing 

ambiguity* 

Mercaptans.-^Wydxf^^^xi sulphide, the sulphur 
analogen of methane is ‘^monhas,^’ or more simply 
“has.” Ethyl mercaptan is then asdihac, and the 
mercaptans the “ashac” compounds. 

Thio-ethers. — Diethyl sulphide being the ethyl 
derivative of ethyl mercaptan is diac-as-dihac, and 
the thio-ethers are^ the “ac-as-hac” compounds. 

Aldehydes and Ketones, — Oxygen doubly linked 
to carbon is anaiogo-us to the monhec, i.e.^ the 
methylene radical, and should therefo-rc be called 
the “monheo” or “heo” radical. It is perhaps more 
convenient to denote it by “oxy.” The aldehydes 
and ketones are then the “oxy-hac” compounds. 
.'-Vcctaldehyde is oxydihac. Acetone is 2-oxy-trihac. 

Acids, — Acids are the i-i hydroxy-oxy com- 
popunds, i,e,^ the “i.i ho-oxy” compounds. The 
numbers are inserted to show that the groups are 
attached to the same carbon. Acetic acid is 
i-i-ho-oxy-di-hac. 

Amines, — Amines are “HaN” compounds, 2.^., 
they are the hydronitrogen compounds. Methyl- 
ethyl-propyl-amine is monac-diac-triac-han. 

Phosfhtnes. — The phosphines are the “hap” 
compounds. 

Hydrazine and Hydrazines. — Hydrazine, the 
hydro-nitrogen analogo'us to ethane is “dihan,” 
Methyl hydrazine is “monac-dihan,” or “dian- 
monhac.” 

H ydoxylamines and Oxhnes. — Hydroxylamine 
being analogous to methyl alcohol is “homonhan,” 
or more simply “hohan.” CHa.NH (OH) is 
“monac-ho-han” ; CHj.NH. (OCHa) is “monac- 
monaco-han.” 

The divalent radical NH being analogous to 
monhec, i,e,, methylene, is. “monhen,” or, since 
no ambiguity can arise, is “hen.” Acetaldoxime 
CHaCH : NOH is then “hohendihac,,” acetke- 
toxime CH8C(NOH)CHa is “2-(ho-hen)-trihac.” 

Acid Derivatives, — Acetyl chloride is “i-chlor-i- 
oxy-dihac.” Acetamide is “i-an-i-oxydihac.” 

Cyanides and Isocyanides Cyanides, N ; C.R 

arc the “NiC” compounds, “i” because of triple 
bond. Methyl cyanide is nicmonhac. Isocyan ides 
C : N.R are the “CeN” compounds, “e” because of 
double bond. Methyl isocyanide is cenmonhac. 

Nttro Compounds, — The nitro group is the 
di-oxy-nitrogen group; it is accordingly called the 
“di-oxy-en” group. Nitromethane is then monac- 
dioxyen. In the same way isomitromethane 
CHa : N(OH) : O is monhec^ho^oxyen, and the 
isonitro group is the “ho-oxyen” group. 

Sulfhonic acids, — Similarly the group .S03(0H) 
is the hydroxy-dioxy-sulphur group, i,e.j the 
“ho-dioxy-es” group. Ethyl siilphonic acid is 
“diac-ho-di-oxyes,” ethyl methyl-sulphonate is 
“monac-diaco-dioxyes,” esters being regarded as 
ether-oxy compounds. 

Cyclo-i>araffins. — Pentamethylene is r penthac, 
“hac” since it is a saturated compound. The cyclo- 
paraffins are the “r-hac” compounds, “r” as in the 
Genevan system, indicating “ring.” Another 
method is to look on pentamethylene as a ring- 
saturated-carbocyclic-fivemembered compound and 
its systematic name is then r-a-c-pent, Hexa- 
hydrohenzene is rachex, and the cyclo-paraffins 
are the “rac” compounds* 

Saturated Heterocyclic Rings. — They are named 


in a similar manner. Piperidine, for example, is 
r-a-n-hex; ring-satmated-(nitrogen containing)- 
six-raembered. 

Unsaiurated Rings, — Dihydrobenzene is 
i.4.di(e)-ran-hex. As in the Genevan svstem, 
the position of the double bond is indicated by the 
numbei of the carbon from which it starts. In 
hctcrocycJic rings the numbering always begins at 
the non-carbon element, 7-Pyrone is 4-oxy- 
(double bonds beginning at 2 and 5)-ring- (oxygen 
containingj-six-membered, t,e,j 4-oxy-2,5,di(e)-rao- 
hex. 

Centric Rings'.-J^K large number of ring com- 
pounds which on valency considerations should be 
written with double bonds do not possess olehnic 
properties. It seems best, therefore, to write 
these compounds with a centric formula, and to 
read their characteristic properties into that 
formula, just as we read olefinic properties into 
a double bond. The names of these compounds 
are formed by prefixing “c” to the name of the 
corresponding saturated ring compound. Benzene 
IS c-r-a-c-hex, 2. e, j centric-ring-saturated-carbo- 
cychc-six-raembered. Centric compounds, since 
they do not form addition compounds easily, 
may be considered as saturated. Pyridene 
is c-r-a-n-hex, centric-rmg-saturated-nitrogen-con- 
taining-six-membered. Pyrrol, which may also be 
written with a centric formula is cranpent, ^ Thio- 
lihene, the sulphur analogue of pyrrol, is in a 
the centric system is a bi-centric-ring-saturated- 
sulphur-fivc-membered. Naphthalene, which on 
the centric system is a bi-centric-ring-saturated- 
carbocyclic-ten-membered compound, is then bi-c- 
r-a-c-dec. The Latin numeral is used to avoid 
ambiguity. Anthracene may be regarded as a 
tercentric fourteen-mep;ibered ring compound. It 
is therefore called t^-crac-tetradec. Indole is a 
iDicentric nine-membered ring^ containing one 
nitrogen atom, and is thus 2-bi-cran-non. The 
“2” indicates the position of one of the carbons 
common to the two centres. It is unnecessary to 
specify the other common carbon, since in nearly 
all compounds it is in the so-called ortho position 
to the indicated one. The numbering, it is to be 
noted, is always clock-wise, but non-adherence to 
this rule seldom causes ambiguity. Heterocyclic 
rings containing more than one non-carbon 
element aie named fi;om what may^ be called the 
present heterocyclic ring, Le.^ the ring containing 
only one non-carbon element; pyrazole, for ex- 
ample, is 2-N-c-r-a-n pent : — 2-nitrogen-centric- 
ring-saturated-nitrogen-five-membered, the num- 
bering, as usual, beginning at the non-carbon 
element incorporated in the name. 

Benzene Derivatives . — As the radical system 
need never be used in naming the compounds of 
the above ring systems, benzene excepted, it is not 
necessary to add “hac” to- their names to obtain 
“ac” for the corresponding radical. In the case of 
benzene, phenvl could be called crachexac, but it 
is more convenient tO' 'abstract the “h” from the 
“hex” and to call phbnyl “cracex.” Benzene deri- 
vatives are then named on the same plan as alphyl 
derivatives; toluene is monac-crachex, and the 
aromatic hydrocarbons the ac-crahex compounds; 
phenol is ho-crahex, aniline is cracex-han. , “As 
an example of a complicated de:rivative> 
^-rosaniline C(CeH*fNH3)i.4)aOH is U o ^ 
tri ( 4.an. cracexj. hp.^i^hac. 
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Phenomena and Reactions. — Tautomerism might 
be shown by writing the name of the tautomer 
present in the larger quantity, followed by “t” and 
an indication of the changes brought about by the 
Imk changing. Aceto-acetic ester would be 
4mO'naco.2 4-dioxy-tetrhac-t-[2 (e).2-ho]. The 

word corresponding to keto-enol is oxy-eho. A 
better name than tautomerism could no doubt be 
found for the whole phenomenon. As to the 
naming of reactions, the Claisen condensation 
might be called the '‘oxy-hacf^ condensation, since 
hydrocarbon compounds containing an o-xy group 
always take part. Other reactions could be named 
on similar lines. Terms such as condensation 
would of course require precise definition. 

Substances of doubtful formula would have their 
names in the official dictionary prefixed by “d” 
(Latin : dubimn). Substances of unknown com- 
position could be given a name indicating their 
class, if known, or if not, a name with a special 
ending for unknown substances. 

The above is intended only as a rough outline 
of what lines a really systematic system of nomen- 
clature might take. The subject is an important 
one, and it is to be hoped it will receive the atten- 
tion it deserves. Should circumstances warrant 
It, the author hopes to publish later an application 
of the scheme to more complicated compounds. 
In the meantime, he would welcome suggestions 
and criticisms. 

Chemical Department, 

Royal Technical College, Glasgow. 


THE DEVITRIFICATION OF GLASS, A 
SURFACE PHENOMENON. THE REPAIR 
OF CRYSTALLISED GLASS APPARATUS. 

By ALBERT F. O* GERM ANN. 

It has generally been supposed that the devitri- 
fication of blown glassware in storage or in daily 
use is a phenomena similar to that studied by 
Tammann (Tammann, Z. Elehtrochem. ^ 1904, x., 
532), Guertler (Guertler, Z. anorg. Chem.j 1904, 
xl., 268)3 others, which depends on the 

tendency of a supercooled liquid to form crystal 
nuclei, from which crystallisation proceeds. 
Tammann showed that spontaneous devitrification 
depends on two factors, which seem to be related 
to the viscosity of the supercooled liquid : the 
tendency to form crystal nuclei, which increases 
Avith the degree of supercooling, though the rate 
at which nuclei have been observed to form 
reaches a maximum, and then on account of the 
damping effect of the diminishing temperature 
on the speed of formation, rapidly decreases, and 
for most glasses reaches a value of zero at room 
temperature; and the '=peed with which crystallisa- 
tion proceeds from the crystal nucleus, which for 
commercial glassware also reaches a value of zero- 
for ordinary temperatures. Tammann has shown 
that certain substances in solution act catalytically 
on the formation of crystal nuclei, and that in 
certain instances the rate may be depressed to 
zero even in the temperature range of the maxi- 
inum.^ This is evidently the ideal condition for 
chemical glassware, a condit'on more or less suc- 
cessfully achieved by glass manufacturers. 

It has also been shown (Herbert Jackson, 
CHEMICAL News, 1920, cxx., 62) *hat by repeated 


fusion and solidification supercooled liquids which 
otherwise devitiify readily can be obtained in the 
vitreous state. In all cases of this sort that have 
been studied, water vapour is given off pro- 
gressively during the process of fusion, and with 
the removal of it the vitreous state has been found 
to persist moie and more. Subsequent ic-intro- 
duction of water has been found to promote crys- 
tallisation. Herbert Jackson is responsible for the 
statement that the conclusion seems to be justified 
that watei, and to a smaller extent, carbon dioxide 
act chemically when many glasses are heated in 
flames, and that this action plays an important 
part in the initial stages at least of devitrification. 
This is undoubtedly true, for it is known that ccr- 
tan glasses, wffiich devitrify very readily in the 
gas flame, can be worked if healed by radiation. 
A glass containing barium oxide, w’hich was veiy 
stable when heated by radiation in a muffle fur- 
nace, quickly dcvitrilied in a gas flame, first be- 
coming grey; under the microscope the grey ap- 
pearance was shown to be due to the separation 
of minute bubbles, apparently caused by rapid 
absorption and subsequent evolution of gases 
(H. Jackson, loc. cit.). 

Splitgerber ^Sphtgerber, Pogg. Ann., 1851, 
Ixxxii., 453) relates his experience with a bit of 
glass at least 10 yeais old (most chemists will 
recall similar experiences) : the lenses from a pair 
of glasses had to be reset, and during the process 
were heated over a spirit lamp ; the surface be- 
came roughened and as if frosted over. He 
showed that this was caused by the driving out of 
moisture from the glass surface, moisture which 
was chemically combined. This behaviour is not 
given by a fresh surface, for a piece whose surface 
had clouded on heating was ground 'down and 
polished, and when again heated showed no 
clouding. 

It has often been noted that glass, under rortnin 
conditions, show's efflorescences of .sodium hydro- 
gen carbonate on its surface; I have iircscrvi'd a 
number of unused test-tubes, imported from CJer- 
raany before 1914, each of which show's such 
efflorescences. These tubes all show a marked 
tendency to devitrify when heated. 

It is possible to explain devitrification of 
chemical glassware as a purely surface pheno- 
menon, unrelated as to immediate causes to the 
phenomena observed by Tammann. 

Much has been said about the sui'facc film of 
moisture on glass which has come to equilibrium 
with the atmosphere, but the tremendous affinity 
of glass for moisture is nevertheless too little 
appreciated; let me recall an observjition made by 
Moissan that ought to be better known. 

“TliQ affinity of dry glass for moisture is so 
great that carbon dioxide saturated wdth winter 
vapour at — 20® must be passed (tlu-oiigh a tube 
of dry glass containing sodium hydride) for 
several ho-urs before the gas reaches the hydride 
in a moist condition” [Comft. Rend., 1903, 
cxxxvi., 723). 

The silicates of wffiich the glass is composed are 
in equilibrium with this water, and must be more 
or less hydrolysed, depending on the composition 
of the glass^ so that we may assume the presence 
of silicic acid, calcium hydroxide, and sodium hy- 
droxide; the bases, however, absorb carbon 
dioxide from the air, and so arc converted to the 
hydrogen carbonates. The efflorescence is thus 
directly explained. Washing removes most of 
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these carbonates. Heating, however, drives off 
adsorbed moisture, dehydrates the silicic acid, and 
roughens the surface, depending on the extent of 
the “weathering” of the glass. TKfe separated 
silica forms an infusible coating over the surface 
of the glass, which may under certain conditio<ns 
dissolve in the underlying silicate, and the sur- 
face clear up, or under other conditions yield diffi- 
cultly fusible calcium silicate, in which case well- 
defined crystal surfaces may appear (I have pre- 
served a tube of heavy glass which, when heated, 
developed into what appears to be an excellent 
example of this sort), the subsequent phenomena 
being closely similar to the devitrification studied 
by Tammann and by Guertler, except that crys- 
tallisation proceeds from the surface, and not 
from crystal nuclei on the interior of the mass. 

To test the possible correetpess of this view, 
the surface of a tube that had become badly de- 
vitrified befoie the blowpipe was carefully washed 
with dilute hydrofluoric acid, to remove the 
separated silica from the surface, and an attempt 
was again made to work the glass in the flame. 
The result was remarkable, but entirely in keejiing 
with the hypothesis; as the glass reached the 
softening point, it became perfectly clear, and 
could be blowm as well as the best new glass. 
The same result was attained by removal of the 
surface layers by washing with dilute hydro- 
fluoric acid before heating the glass in the flame, 
so avoiding any tendency towards devitrification. 

At the same time, the older hypothesis, that 
sodium oxide is slowly volatilised by long con- 
tinued heating of glass near its softening point 
must rot be lost sight of, for glass which shows 
no initial tendency to devitrify does so if kept in 
the flame too long. A common practise has been 
to reintioducc the lost alkali by some method, but 
this is always difficult to do. Treatment with 
hydrofluoric acid, however, is very simple, and 
thoroughly effective. 

At the Morley Laboratory, we have had some 
difficulty during the past few years in obtaining 
suitable glass for constructing apparatus for work 
with gases. Much of Pro. Morley’s apparatus re- 
mains, but practically all of it devitrifies when 
the effort is made to work it in the flame. With 
the new method, however, all of it at once be- 
came available for use. Five advanced students, 
working on various phases of the physical chemis- 
try of pure and mixed gases, each of whom has 
had to construct his own apparatus, have been 
a,ble to work without fear of loss through devitri- 
fication, which has always been a source of much 
annoyance to beginners in the art of glass- 
blowdng. 

If the devitrification of glass were dependent 
upon the formation of crystal nuclei upon the sur- 
face or within the mass of the glass, a cool storage 
space would seem to be ideal; my experience has, 
however, been that glass which had been stored 
in an attic room under a slate roof for 15 years 
showed less tendency to devitrify than another 
lot stored in a ground-floor room of our reinforced 
concrete laboratory for flve years. This is per- 
plexing unless we admit that devitrification de- 
pends upon absorption of moisture; the atmos- 
phere of the laboratory has an average humidity 
much higher than the atmosphere of the attic 
room, which is in another building. Certain gases 


present in the atmosphere of a chemical laboratory 
also seem to play a part, probably acting cataly- 
tically; halogen gases, except those containing 
fluorine, for obvious reasons, seem especially 
active in this way. A tube which had contained 
phosgene devitrified badly before the blowpipe; 
the same tube, after having been exposed casually 
to the laboratory fumes for more than six months, 
no longer showed any tendency to devitrify. 

Stmimary. 

That the devitrification of glass before the flame 
is a surface phenomenon is shown by the fact that 
the tendency to devitrify may ^ be removed by 
rinsing the parts to be fused with dilute hydro- 
fluoric acid, thus removing the surface. Old 
apparatus which has been broken may be repaired 
by taking advantage of this fact. 


THE BRITISH GAS MANTLE INDUSTRY. 

Among the industiies that arc seeking State assis- 
tance through the projected Government Bill re- 
lating to “key” industries are the gas-mantle and 
subsidiary industries. On behalf of these a state- 
ment has been presented to the Board of Trade 
by the Incandescent Mantle Manufacturers’ Asso- 
ciation, the main points of wdiich are summarised 
below : — 

The Gas Mantle Industry bases its claim to be 
regarded as a “key” industry upon the following 
considerations : — (i) Both in time of peace and in 
time of war incandescent gas lighting is necessary 
for the adequate lUuinination of docks, railways, 
factories, &c. (2) It is estimated that 32 million 

tons more coal would be required > early to produce 
the same illumination if flat-flame burners weie 
used instead of gas mantles. (3) The “stripping” 
of coal gas has been found necessary to ensure 
adequate supplies of benzol, toluol, and other hy- 
drocarbons for the manufacture of dyes, drugs, 
and explosives; such “stiipped” gas can only be 
used as an illuminant in conjunction wfith the gas 
mantle. The value of the industry from the 
standpoints of efficient illumination and coal con- 
servation was recognised by Lord Balfour of Bur- 
leigh’s* Committee on Commercial and Industrial 
Policy, and recent legislation authorising the sale 
of gas on a calorific, instead of an illuminating 
basis has further emphasised the importance of 
the gas mantle. In Germany the essential nature 
of this industry, including the raw materials 
therefor, has been recognised by granting special 
allocations of coal at the lowest price and supplies 
of gas which are otherwise restricted. ' 

Before the war, the rare-earth chemicals and the 
gas-mantle industry were mainly under foreign 
domination. The total output of Indian monazite 
sand went to Germany, and British mantle-makers 
had to purchase thorium nitrate abroad at a price 
fixed by the Thorium Convention, a combine bf 
German and Austrian manufacturers which was it 
self controlled by tbe chief German maker of gas 
mantles. Further, foreign mantles were sold m 
this country at prices 2 — 35 per cent below English 
factory costs, and 23 — 70 per cent below the selling 
priebs in the co'untries of origin. In 1913 foreign 
importations amounted to between 45 and 
million finished mantles and over ii million 
partly finished (about 70 per cent of our entite 
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consumption), and the latter were marketed in 
such a way as to evade the payment of British 
income tax by the English branch of the German 
combine, the Auer Gesellschaft In the same year 
the English production was 22 million mantles, 
of which 10 million was made by a company asso- 
ciated with the German combine. 

In consequence of this foreign domination the 
home industry became very precarious; nearly all 
the factories were running at a loss, wages were 
low, and employment uncertain and unsatisfac- 
tory. Hence, at the outbreak of war, there was 
insufhcient plant to meet the country's require- 
ments, supplies of thorium nitrate were cut off, 
and there was a shortage of clay rings and other 
materials required by the industry. To overcome 
these difficulties the Indian monazite deposits were 
placed under British control, and five home 
manufacturers took up the preparation of thorium 
nitrate, although until the factories were ready 
the nitrate had to be purchased abroad at arbitrary 
prices which showed large profits to foreign 
suppliers. These factories can now produce all 
the gas mantles the country requires ; and during 
the war they supplied the cerium fluoride and 
cenum oxalate needed for searchlights and tracer 
bullets. Prior to the war all the mantle rings 
required by the home industry were either im- 
ported from Germany or supplied by a German- 
owned company with branch works in this country 
These works were purchased by a group of the 
chief British mantle-makers and so extended that 
they are now able to meet the country's require- 
ments, although not yet in a position to produce 
me full range of designs which were offered by the 
Germans, Ramie yarn,„which was also derived 
fiom Germany before ,the war, can now be 
supplied by British spinning plants in sufficient 
quantity to meet all r^uirements. 

Owing to the extensions made to buildings and 
plant (at war prices), and to the establishment of 
three of four new factories, the output capacity of 
home industry is now over 130 million mantles 
per aiuium, which is suflScient to leave a consider- 
able surplus for exportation. The follewina data 
show the position of the British industry in igit 
and on October 30, 1920 1 — ^ ^ 

Output of mantles ... 32,000,000 82,322,000 

Capital employed £a.ao 670 

Workers employed ... ^ 

2S3SO,poo invested in the thorium 
nitrate and other subsidiary industries. 

is consumption of gas mantles 

direct ; .j£4oo,ooo is paid in 

wiffpl Tn * fu indirect 

nrnS imported raw materials into 

the products used by the industry, labour and 
wages entering into the cost of the finS article 

materlKcpTh®’'?!! “ industries. The raw 
HnrU tl: ^ gas-mantle manufacturer in- 

®ti^er chemicals, cotton 
^-shestos yams, clay rings’ 
and cardboard boxes. At the present time the”e ^ 

mS^ly dir to° the 

toeign mantles are the result of : (a) Attenirtfc 

by foreign makers to recajmre thek Ser 


markets at any cost; (b) the low rate of foreign 
exchanges; (c) longer working hours in foreign 
factories (Oo hours or more per week compared 
with 48 in this country) and the lower standard 
of living of the woiker; (d) large pre-war stocks 
of certain raw’ materials held by German manu- 
facturers. The British consumer is not obtaining 
the full benefit of the lower prices, as the inter- 
mediate profit is mainly retained by the importers 
and dealers. The Labour representatives on the 
Joint Industrial Council for the industry proposed 
a resolution, which was passed unanimously., de- 
ploring the increasing importation of foreign 
mantles, and urging the Government to take steps 
to counteract the effects due to foreign rates of 
exchange. At the present time some of the British 
factories are closed down, and the rest are working 
short time ; manufacturers are carrying large 
stocks at a season when demand normally exceeds 
the rate of production; employment in the indus- 
try is declining, and generally the situation is so 
serious that immediate action is imperatve. In 
concluson, it is submitted that the manufacture of 
thorium and 1 are-earth salts, incandescent 
mantles, and clay rings, be recognised and assisted 
as “key” industries ; that legislation be introduced 
forthwith to protect the British worker against 
unemployment resulting from foreign competi- 
tion ; and that the British manufacturers who have 
responded to appeals to lay the foundations of a 
self-supporting industry be assured a market free 
fiom unfair competition. 


PR0CEEDINGS_0F SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeiing, February 24, 1921. 

Prof. C. S. Sherrington, President, in the Chair. 

The following papers were read : — 

M Remarkable Flmi Implement from SeUey 
Bv Sir E. Ray Lancaster, K.C.B., F.R.S. 
The implement described, and depicted in four 
careful wash-drawings of the natural size, to- 
gether with two hammer-stones obtained with it, 
was found resting with other large broken flints 
on a bed of clay underlying “the Coombe rock 
gravel,” and exposed by tidal action on the shore 
of Selsey Bill, by Mr. Edward Heron Allen, 
F.R.S., in iQu. It is remarkable for its large 
size, being eight inches long and w'eighing sib, 
90Z. It is of rostrate form, with a convex dorsal 
and flat ventral surface, and has been shaped bv 
powerful blows, resulting in coarse flaking of un- 
doubted human workmanship. It belongs to a 
very early paljeolithic horizon, probably “pre- 
Chellean.” The only flint implements of similar 
weight and size knowm are tw^o also of very early 
(viz., Upper Pliocene) age. One is from the Suffolk 
weight, and is figured in the 
rmt. I rans.^ B, ccii., 323, 324; and one weighing 
7ID. ooz. was discovered last September by Mr. 
Reid Moir with a large number of remarkable 
worked flints on an ancient workshop floor be- 
neath the forest-bed at Cromer. The question is 
pised as to how such unwieldy implements could 
be handled and for what purpose. It is suggested 
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that the race of men who made and used them had 
larger hands and more powerful limbs than have 
more modern races. 

^^Regeneration and Reproduction of the Syllid 
Procerasta.^^ By E. J. Allen, -D.Sc., F.R S. 

Procerastea Halleziana was found living in 
membranous tubes on the stems of the hydroid 
Syncoryne. The worm w'as observed to feed by 
piercing the body-wall of the hydranths with its 
extruded pharynx and pumping out the contents 
of the gastral cavity of the hydroid. The proven- 
triculus of the worm functions as a quick-acting 
pump, making fro-m 150 to 200 pulsations a 
minute. 

Sexual reproduction in Procerastea is quite 
similar to that in Autolytus, each* individual form- 
ing a single l?arge stolon (with stolon-head on 
segment 14), which is set free as a male Poh^b- 
ostrichus or a female Sacconereis, before a second 
stolon is produced. 

In addition to sexual reproduction, the procer- 
astea were found to be undergoing rapid multipli- 
cation by a process of asexual reproduction, con- 
sisting of fragmentation, followed by the regenera- 
tion of anterior and posterior ends. 

F ragmentation can be induced by artificial 
means, and takes place in a definite way. The 
head and first seven setigerous. Segments form the 
first piece. This is followed by three sections, of 
two segments each; these by three sections, of 
three segments each; and these by four or five 
sections, of four segments each. Behind these, 
sections of three segments reappear and are con- 
tinued to the pygidium. 

^ Experiments show^ed that the rate of regenera- 
tion of the different sections varied according to 
the region of the body from which they came, 
being most rapid in those from the middle region. 

Regeneration of anterior segments appears to 
continue until the original segments come to 
occupy exactly the same position in the regener- 
ated worm as they had occupied in the parent, and 
then stops. Posterior regeneration was more 
active when the original segments came from the 
anterior end of the parent worm. The posterior 
portion of a female stolon regenerated a complete 
souche of 13 segments, and had commenced to re- 
generate a stolon-head when it was found, 

^^The Enzymes of /?. coli communis. Part II. — 
(a) Anaerobic Growth followed by Anaerobic and 
Aerobic F ermentation. [b) The Effects of Aera- 
tion durmg the Fermentation,^^ By E. C. GREY 
and E. G. Young. 

Section A.-^Anaerobic - fermentation of glucose 
by an emulsion of IS, coli communis proceeds 
differently according as the organisms have been 
grown previously with or without oxygen. 

When the immediate past history has been 
anaerobic, the fermentation under anaerobic con- 
ditions yields very little or no lactic acid and 
greatly diminishes succinic acid. In place of 
these, acetic acid appears in large proportion. 
Admission of oxygen during the fermentation 
leads to lactic acid production. The fact that 
acetic acid replaces succinic acid entirely gives 
additional proof of the close relationship of these 
two substances. 

The results also confirm the conclusions of the 
earlier sections as to the indeuendence of the lactic 
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acid, acetic acid and probably of the carbon 
dioxid fermentations. 

Section B. — The effect of introducing oxygen in 
the fermentation of glucose by B, colt communis 
IS to inciease the lactic, acetic, and succinic acids, 
and to diminish the hydrogen, carbon dioxide, and 
formic acid, but to leave the alcohol unch^ged. 

Under anaerobic conditons greater variations 
occur in the proportion of alcohol to acetic acid 
than under aerobic conditions, and it would 
appear that one of the effects of the intro- 
duction , of oxygen during the fermentation 
is to inhibit the mechanism of auto-reduction, 
which is responsible for the variations in alcohol 
when such occur. 

Contrary to expectaton, the products of aerobic 
fermentation contain not more, but less, oxygen 
than the corresponding products of anaerobic fer- 
mentation of glucose; but there is a gain of oxy- 
gen in bo-th cases upon the original glucose. If, 
as seems likely, this extra oxygen comes from the 
water, then it wmuld appear that one of the effects 
of the introduction of oxygen is to diminish the 
part played by water in the reactions. 

^^Antkocyanins and AnthocyanidinsT — Part IV. 
By A. E. Everest, D.Sc., and A. J. Hall, B.Sc. 

The paper deals wfith the constitution of the blue 
anthocyan pigments in flowers and with the 
manner in which -.anthocyan pigments are formed 
in Nature. 

The conclusions of Shibata, and Kasmagi, con- 
cerning the constitution of the blue anthocyan pig- 
ments in flowers are compared with those of Will- 
statter and Everest. Evidence is produced which 
indicates important differences between the com- 
plex salts known to be formed by the anthocyan 
pigments (and other pyrylium compounds) with 
the salts of such metals as iron and the blue pig- 
ments present in flowers. Reasons are given for 
concluding that such of the blue plant pigments of 
this group as have been investigated do not belong 
to the former series, but are probably comparable 
to the alkali phenolates of the flavonols. 

Evidence is produced which considerably 
strengthens the conclusion, already expressed by 
Keeble, Wheldale, Everest, and others, that in 
plant synthesis the flavonols are first formed, and 
from them the anthocyans — not vice versd. 


PHYSICAL SOCIETY. 

February 25, 1921, 

Prof. Sir W. H. Bragg, F.R.S., President, 
in the Chair, 

The following papers were read : — , 

M Note on the Hot Wire Inclinometer^ By 
R. H, Humphrey. ^ 

Two fine platinum wires were stretched parallel 
to each other in a hole in a copper block, and 
were heated electrically in a Wheatstone bridge 
arrangement. The changes caused by rotation 
were investigated with hydrogen, air, and carbon 
dioxide surrounding the wires. It was found that 
both for the same curreqt, and for 4 j^e same t^" 
petature of the wires, the inclinom^r fill^ 
carbon dioxide was much more sensitive 
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filled with air. The shape of the curves obtained 
suggests that the temperature gradient in the re- 
gion traversed by the wires is nearly uniform, the 
diiference of temperature of the layers of gas in 
which the wires happen to be being sensibly pro- 
portional to the vertical distance between them. 

DISCUSSION. 

Dr. J. S. G. Thomas said that the conditions 
under ’which the author’s experiments^ were 
carried out made the results quite incom- 
parable with those described in his own paper on 
the subject. In his experiments the free convec- 
tion was of much greater importance than the con- 
duction loss, whereas in the present paper the 
arrangement of the apparatus was such that con- 
duction preponderated. For example, the wires 
were much too near the walls of the co'ntaming 
chamber. The statement that for the same cur- 
rent the effects in carbon dioxide are greater than 
in air is exactly what would be expected if con- 
duction predo-minated, but was opposite to what 
happened in his experiments in which con- 
vectio-n predominated. In the latter case, the 
specific gravity and specific heat entered into the 
problem. He had made a calculation of the heat 
loss by conduction in hydrogen, air, and carbon 
dioxide, using King’s formula, and found 
these to be in the proportion of 12 : 100 : 200. 
From Fig. 3 we find that the heat losses 
in the author’s experiments are very closely 
in this ratio, which bears out the con- 
clusion that conductivity was the predominant 
factor. The temperature of the wires in the ex- 
periments of Fig. 3 should be stated. Another 
difference between the author’s experiments and 
his was that the wires were too far apart to bring 
the joint effect due to shielding of the second wire 
by the first into play, 

Mr. J. Guild said it uas of interest to him that 
bO many workers seemed to have taken up the 
somewhat obvious suggestion he had made, in dis- 
cussing Mr. Thomas’s paper, of investigating the 
temperature distribution in the neighbourhood of 
a hot body by means of the interferometer. He 
would like to give a word of caution in connection 
with the method, which w^as that the contour 
fringes observed would only be true isothermals 
if the wire were infinitely long in the direction of 
vision. In ordinary conditions a slight correctio-n 
for end effects would have to be made in obtain- 
ing quantitative data from the fringe system. 

Mr. F. E. Smith asked if experiments had been 
made at different pressures. 

Mr. Humphrey, in reply, said he was fully sen- 
sible of the truth of Dr. Thomas’s remarks about 
convection and conduction. With regard to the 
experiments of Fig, 3, the temperature of the wire 
was 130^ C. to 140® C. in each case. He had 
not noticed that the figure gave ratios so close to 
those given by King’s formula. As regards the 
mutual influence of the wires, the region to which 
the effect of the upper wire extended could be very 
easily seen from the interferometer experiments. 
In reply to Mr. Smith, he had not experimented 
at different pressures. 

^^The Magnetic Susceftibility of Certain Natural 
and Artificial OxidesJ^ By pROF. E F Herroun 
and Prof. E, Wilson. 

(i) The susceptibility of ferric oxide, as 
occurring in nature, varies through a wide range, 
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but in the case of artificial preparations the range 
of variation may be much greater. 

(2) The highest susceptibility exhibited by arti- 
ficial feme oxide occurs when either ferrous or 
magnetic oxide is oxidised at a high temperature 
in the anhydrous condition. From hydrated mag- 
netic oxide the susceptibility, though considerable, 
is much less. 

(3) The lowest susceptibility is obtained from 
native haematites, or naturally oxidised chalybite, 
or by the ignition or precipitation of ferric salts. 

(4) It appears that the passage through the sta^g,e 
of magnetc oxide impresses more pronounced 
magnetic properties upon the resutling ferric 
oxide. 

(5) The actual values of susccptibilty have been 
obtained in the case of ferrites, one of the most 
conspicuous being that of copper.* 

(6) Heating feebly magnetic ferric oxide with 
a basic oxide, e.g., lime or magnesia, increases 
susceptibility (confirming List and others). 

{7) When higher susceptibility has been pro- 
duced by heating ferric oxide with a basic oxide 
such as that of silver or mercury, subsequent re- 
moval of the metal leaves the ferric oxide in a 
magnetic condition. 

(8) The chemical compounds (aluminates) 
formed when ferric oxide is replaced by aluminc 
oxide show no definite increase in susceptibility, 
which is in marked contrast with the ferrites. 

Discussion. 

Prof. Braoc showed a model of the molecule 
of magnetite as deduced from its X-ray spectra, 
and pointed out various conclusions which could 
be drawn from it For instance, it was impossible 
to- deduce the properties of the magnetite from 
those of FeaOa^ and FeO, nor could any of its pro- 
perties be ascribed to one or the other, because the 
crystalline form of the FcaOa and FeO in thej 
magnetite molecule differed from their cry.stallinc 
form when separate. It was possible by X-ray 
spectroscopy to say what crystals were present in 
any powder. No doubt magnetic effects were 
associated with the crystal structure; but experi- 
ments on Pyrrotine showed no difference between 
the magnetised and unmagnetised state. 

Dr. Rayner asked if differences in aggregate 
fo-rm rather than in crystal form might not 
account for the different magnetic properties of 
some substances of the same composition. 

Prof. Wilson said he was disappointed by Prof, 
Bragg’s remark about Pyrrotine, as it partially 
answered the question he wished to ask, Would 
the X-ray spectroscope be likely to show any 
difference in the two ferric oxides of such witlcly 
different susceptibilities rnentioned in the paper ? 

Prof. Bragg ; If ther0 is any difference in crys- 
tal structure it would show it. 

Mr. Guild said the case of Pvrrotine was 
different from that of the two ferric oxides. The 
experiment with Pyrrotine showed that there was 
no difference in the molecular structure of a mag- 
netisable substance when magnetised and un mag- 
netised. This one w’ould expect since the pheno- 
mena of magnetisation are accounted for by the 
orientation of the molecules, and not by any 
alteration of their properties. The case of the 
two ferric oxides in which Prof. Wilson was in- 
terested was quite different. Here we had mag- 
netisable and non-magnetisable modifications of 
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the substance. In this case one would expect to 
find a diffci'cnce in molecular structure revealed 
by the X-ray spectrometer. 

Dr. J. S. G. Thomas asked if the dilYcrences 
might not be due to dilf'efcnces in the magnetic 
coupling of the electrons. 

Prof. Bragg ; That is the problem we are aU 
working at. In the case of the diamond there is 
no doubt that the carbon atoms point in opposite 
directions. 

Prof, Herroun said that in Pyrrotine the 
susceptibility in one direction was 70 times that in 
another. Would the X-ray spectra give any clue 
to this? 

^^The Refractojiietry of By J. Guild. 

In this paper a generalised formula for the ic- 
fraction of light through a pusm is obtained, and 
the particular cases pertaining to practical 
methods of i efractometry deduced fiom it. The 
sensitivity of various methods for various i^rism 
angles and refractive indices is shown in a series 
of cuives as is also the liabilty to error due to 
Cl tors in auxiliary constants. 

Discussion 

Mr. T. Smith agieed that information such as) 
that in the paper would help to dispel the illusions 
concerning the accuracy of their observations 
which most workers on refractive index measure- 
ment seemed to possess. He had had occasion to 
analyse results supposed to be the last word in 
accuracy, but had found quite serious errois in 
many of them. 

He would like to see the general adoption of 
some system of angular notation such as that used 
in the paper. The only case which picsented 
difliculty was when applying it to a system in 
which there weie 1 ejecting as well as rcfi'acting 
surfaces. He had iound it convenient in such 
cases to keep to the angle convention, but to 
change the signs of the refractive indices after 
reflection. 

Dr. D. Owen said the author had been speaking 
of tolerances of a few seconds. As a rule one 
felt satisfied when one got angles correct to a 
minute. What was the accuracy in angle which 
the author considered should be attained 111 pre- 
cise measurements ? 

Mr. Guild said that accuracy in angle measure- 
ments was largely a matter of choosing proper 
methods and apparatus. For the cases most fre- 
quently met thete was no great difficulty in 
measuring to a second piovided the surfaces of 
the prism were such that this accuracy had any 
meaning. He was at present experimenting with 
- a very cheap and simple airangement with which 
he hoped to reach a tenth of a second in cases 
which were lit for such precision. 

’•^Tracing Rays through an Optical System P By 
T. Smith. 

The paper, which is mainly mathematical, is a 
further development of the system described by 
the author in the previous papers of the same title 
presented to the Society; formulae for skew rays 
arc put into shape as far as possible similar to 
those applying to rays in one plane. 


institutb: of chemistry. 

Forty -third Annual General Meeting, 

Sir Herbert Jackson, the retiung President, in 
the couise of his Address, remarked that Govern- 
ment Departments and official authorities gener- 
ally had shoivn more inclination in recent times 
than in the past to accord higher recognition to 
the services of men of science. The conditions 
of appointments of chemists, both in the Govern- 
ment service and in industry had been improved, 
and until the close of ig2o the profession had been 
in almost a unique position in that very few in- 
deed of its members were disengaged. The pre- 
vailing depicssion in industry had had some effect 
on the employment of chemists, but even now less 
than 50 ncie disengaged out of nearly 3,300 on 
the Roll The By-Jaws of the Institute had under- 
gone revision to provide for the representation 
of chemists from various parts of the country and 
practising in different depaitments of work, and 
alterations had been made to deflne more si^ecifl- 
cally certain points relating to the ethics of the 
profession and further to restnet the membership 
of the Institute to British subjects. The Institute 
was taking part in many matters affecting the 
public life of the country where chemistry was 
concerned, and the Annual Report show'ed that 
chartered professional bodies of this character 
were able to render the State valuable service. 
The greater consideration given to science by the 
Government was an encouragement to the coming 
generation of chemists to follow a careei of essen- 
tial and vital importance to the needs of the 
country. It would probably be regarded as desir- 
able at the present moment for the Council of the 
Institute, without taking part in politics, to give 
expression to their views on the giave importance 
of maintaining in this country industries on which 
not only the future development of our chemical 
industry and many allied industries depends, but 
the future of a very large number of students of 
chemistry who are now in the course of training. 
The Institute was entrusted by its Charter with 
securing the supply of well-trained chemists, but 
unless a great chemical industry was maintained 
there would be a very poor prospect for them. 
The President maintained that the Institute had 
throughout its existence fulfilled the purposes foi 
which it was incorporated. It had kept alive the 
corporate spirit of the profession, the means 
whereby the opinions and views of its members 
found expression m matters of public concern. Il 
was the officially-recognised public bodv to whom 
the country could turn for advice and guidance oh 
matters relating to the profession. It rendered 
every possible assistance to those who intended tc 
follow the profession of chemistry, and promotec 
and maintained the highest standard of training 
and competence for that profession. It registerec 
the trained and competent and thereby suppliec 
competent professional service for the country 
Moreover, it^promoted the strictest integrity on the 
part of its members in their dealings with one 
another and with the public, and fostered by even 
means in its power the status of the profession 
He was confident that it would continue to gair 
strength and prestige , 

Mr, Alfred Chaston Chapman, F.R.S., succeed; 
Sir Herbert Jackson as President. The Officer 
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and Council were elected as nominated and the 
Censors and Auditors were elected for the ensuing 
year. President — Alfred C hasten Chapman, 
F.R.S. Vice-Presidents — Horatio Ballantyne, 

Ernest Mostvn Hawkins, Sir Herbert Jackson, 
K.B.E , F.R.’S., William Macnab, C.B.E., Gilbert 
Thomas Morgan O.B.E , D.S.c, F.R.S., George 
Stubbs, C.B E. Hon Treasurer — Edwaid William 
Voelcker, A.R.S M. Members of Council — Walter 
Ernest Adeney, D.Sc., A.R.C.I. (Dublin), Wm. 
Bacon, B Sc. (London), Francis Howard Carr, 
C.B.E. (London), Arthur Jenner Chapman (Lon- 
don), Allin Cottrell, M.Sc. (Oldham), Alexander 
Charles Cumming, O.B.E., D.Sc, (Edinburgh), 
Frederick George Donnan, C.B E., F.R.S. (Lon- 
don), Lewis Eynon, B.Sc. (London), Alexander 
Findlay, M.A., D.Sc,, Ph.D. (Aberdeen), George 
Watson Gray (Liverpool), Frank William Har- 
bord, (I).B.£ , A.R.S.M. (London), Charles Alex. 
Hill, B.Sc, (London), Patrick Henry Kiikaldy 
(London), Frederic Herbert Lees (London), 
Samuel Ernest Melling (Manchester), Gordon 
Wickham Monier - Williams, O.B.E,, M.C., 

M.A., Ph.D. (London), Harold Moore, O.B.E., 
B.Sc, (London), Andrew More, A.R.C.S, 
(London), Frederic Mollwo Perkin, C.B.E., Ph.D 
(London), Benjamin Dawson Porritt, M.Sc. 
(London), Thomas Slater Price, O.B.E., D.Sc., 
PhD. (London), William Rintoul, O.B.E. (Ayr- 
shire), William Henry Roberts, M.Sc (Liverpool), 
John Rogers, O.B.E, (Glasgow), Ernest Wood- 
house Smith, D.Sc. (London), Leonard Ellerton 
Vlies (Manchester), Sir James Walker, C.B.E., 
F.R.S. (Edinburgh). 


SOCIETY OF PUBLIC ANALYSTS. 
Match 2, 1921. 


Mr. Alfred Smetham, President, in the Chair. 


A Certificate was read for the first time in favour 
of Mr. Percy N. Mould. 

Certificates were read for the second time in 
favour of Messrs. Jules Cofman-Nicoresti, Walter 
K. Fletcher, William Singleton, Francis G. H 
Tate, James Darnell Granger, Ph.D., F.I.C,, Ed. 
B, Maxted, FED, iBerlin), B Sc., Russell G. 
Felly, F.I.C. 

The following was elected a member of the 
Society ; Mr. W. R. Schoeller, Ph.D. 

The following papers were read : — 

^^The Acidity of Ink and the Action of Bottle 
Glass on Ink:^ By C. Ainsworth Mitchell, 
M.A., F.I.C. 


The author gave the reason for the addition of 
acid to ink and the amount present in standard 
inks. He described acid-free inks, the estimation 
of acidity and the difficulty caused by dye-stuff. 
The hydrogen peroxide method was dealt with, its 
limitations and uses, and the estimation of total 
acidity as a check on the manufacturing process. 
Lastly, the author described the various effects 
of glass on ink. A number of exhibits vrere shown. 


^The Detection of Adulteration in Butter by 
Means of the Melting-Point of the Insoluble 
Volattle Aetds^^ By GEORGE Van B Gilmour 
B.Sc., A.R.€.ScL, A.LC. 


The author described how small amounts of 
coconut and palm-kernel fats added to butter 
lower appicciably the melting-point of the in- 
soluble volatile acids Tables of melting-points 
and distillation figures tor pure fats and mixtuies 
were given, also graphs showing how the melting 
point is affected when Increasing quantities of 
coconut and of palm-keinel fat are added. 

^UMethod and Apparatus for Routine Determina- 
tion of M elting-P obits of P^ats and Fatty AcidsF 
By S. H. Blichfeldt and T. Thornley. 

The authors describe how a column of melted 
fat 1 cm. long in a lube of 1 mm. boie, 3 mm. 
diameter, and 60 mm. long, is rapidly solidified 
on ICC, and kept on ice during two hours; it i.s 
then placed in a water-bath with the upper level 
of column 1 cm. below the surface, and heated 
at i® C. per mifiute. The temperature at which 
the column rises is noted as M.P. The apparatus 
is a rectangular glass water-bath holding 20 tubes, 
and arranged for electrical heating, stirring, and 
lighting. 


NOTES. 


Royal Institution — A General Meeting of the 
Members of the Royal Institution was held on the 
7th inst, Sir James Crichton-Biowne, Treasurer 
and Vice-President, in the Chair. Sir Frank 
Benson, Mr. I. W. Bullon, Mrs. R. C. Bus.scll, 
Miss. E. Caird, Mr. C. H. Combe, Mr. H. H. Dai- 
Imgton, Mr P. Faraday, Mr, G. J. Goldie, Major 
Gordon Home, Mr. W. G. Klein, Dr. A. G. Levy, 
Miss J. Lipdiey, Mr. E. MacRury, Mr. M. R. 
Trower, Mrs. Kactivand, Sir Robert Robertson, 
and Miss L. C. Western were elected Members. 
The Secretary reported the deaths of Professors 
Odling and L. C. Miall, and resolutions of con- 
dolence with the relatives w'cre passed. 


Royal Institution — The following tlu* the 
Lecture arrangements at the Royal Institution 
after Easter: Professor R. A. Sampson on (i) 
“The Nebular Uyix)the&is,’’ (z) “Measurement ol 
Starlight”; Dr. Keith, four lectures on “Darwiifs 
Theory of Man's Origin”; Mr, Clodd on “Occult 
ism”; Sir James Frazer on (i) “Roman Life (Time 
of Pliny the Younger)”, (2) “London Life (Time 
of Addison)”; Dr. C. T. R. Wilson on “Tluincler- 
storms” (the Tyndall Lectures; Mr. H S. Foxwell 
on “Nationalisation and Bureaucracy”; Dr. C\ S. 
Myers on “Psychological Studies— -(t) Localisation 
of Sound, (2) Appreciation of Music”; Mi. i>. S 
MacColl on “War Graves and Monuments”; Sir 
Alexander Mackenzie on “Beethoven”; Dr. II. H. 
Dale on “Poisons and Antidotes”; Mr. 11 . V. Oldl 
ham on “The Great Epoch of (Exploration— »( 1) 
Portugal, (3) Spain”; Mr. C. C. Ikily on “C'hemi- 
cal Reaction”* Mr. F. Legge on “(Jnt^slicism and 
the Science of Religions”; and Dr. R S. Rait on 
(i) “Scotland and France”, (2) “Scott and Shake- 
speare”. Ihe Friday evening meetings will re* 
sumed on April B, when Dr. R. 11 . A. Plimmer 
will deliver a discourse on “Quality of Protein in 
Nutrition.” Succeeding discourses will probably 
be given by Mr. Ernest Law, gir James Walker, 
Sir Frank Dyson, Astronomer Royal, Sir Robert 
Robertson, Dr. Bateson, Dr. Starling, Mr. A. 
Mai lock, Dr Leonard Huxley, Dr. A. G. Webster, 
bir J. J. Thomson, and other gentlemen. 
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Tetraline in Manufacture of Lakes and Var- 
msHES. — ^^rhe varnish substitutes employed during 
the war in Germany were far from satisfactory. 
However, those with base of terahne, alone 01 
mixed with other usual solvents, were so. The 
dissolving action of various tetralines were vaii- 
made. For example, varnishes are made 
by preparing a saturated solution of lake 
in tetraline and diluting it with a miscible solvent 
with a slight lake-dissolving power and more 
rapidly volatilised than tetraline Such a var- 
nish allows of a second coat without softening of 
the first. Tetralines have a slight odour of cam- 
phor which can easily be masked by adding a 
little spirit of turpentine . — Industrie Chimique^ 
January, 1021. 

Technical College^ Bradford.— A course in 
Public Health, designed to meet the needs of 
qualified medical practitioners Who may wish to 
obtain the Diploma in Public Health of the Royal 
College of Physicians of London, and Surgeons 
of England, has been arranged by the Technical 
College Committee and the Health Committee of 
the City Council. For this purpose the Technical 
College has recently been placed upon the list of 
recognised Institutions by the Royal Colleges. 
The proposed course will extend over 25 weeks, 
and will include lectures and laboratory work in 
bacteriology and pathology, an>4 in chemistry. 
The course in bacteriology will be conducted in 
the Public Health Laboratories. In connection 
with this work, Dr*. William Campbell has been 
appointed Lecturer in Bacteriology and the Path- 
ology of Industrial Diseases, and Dr, R . Cecil 
Robertson has been appointed Assistant Lecturer 
and Demonstrator in Serology and Immunology 
in the College. Both gentlemen are members of 
the permanent staff of the Bacteriological Labora- 
tories. The course in Chemistry, which will be 
under the direction of the Head of the Chemistry 
Department of the Technical College^ Dr R, D. 
Abell, will be conducted in the Chemical Labora- 
tories of the College. The recognition of the 
College for post-graduate work of this nature 
marks an important point in the development of 
the work of the College. The extension of the 
post-graduate section of the work of the College 
is receiving ample attention, and increasing pro- 
vision for this work in the College is now being 
made 

Action of Chloropicrine on the Germinative 
Faculty of Seed. — Experiments made by M. E. 
Mi^ge demonstrate that parasitic insects on seed 
can be destroyed by chloropicrine in 24 hours, 
utilised in the proportion of 15 to 20 cubic cm. 
per cubic metre of seed. Longer contact and 
larger quantities seem useless. The action of 
chloropicrine on seed varies with the species of 
s<‘ed, the percentage employed and the duration 
of treatment. Imperceptible on some (legumi- 
nous, linseed &c.), it affects on the contrary the 
germinative faculty and energy of others (hemp, 
beet, and especially cereals). This unfavourable 
influence generally increases with quantity, and 
the length of time of treatment. In the conditions 
required for disinfection it mav decrease the ger- 
minative power of wheat 30 per cent, and larger 
quantities arc yet more noxious. On the contrary, 
the seed of leguminous plants is absolutelv 
immune , — Comftes Rendns^ January 17, 1921. 

New Process for Manufacture of Superphos- 
phates. — A mixture of nhosnhorite. limp, and 
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silica is heated to nearly the point of fusion. Ii 
these conditions a lime-silicite is formed whicl 
takes one or two molecules of lime from the tri 
basic phosphate of lime. The phosphate is thus 
brought to the mono or bicalcic state, and conse 
quently soluble with organic acids . — DEngrais 
January 7, 1921. 

Fertilizing Action of Sulphur. — Experiments 
made by M Nicolab demonstrated that besides thi 
important qualities ascubed to sulphur, both as 
an aliment in form of sulphuric acid and catalytic 
agent in assimilation of nitrogen of the soil, then 
is also its nfluence n fixaton of atmospheric carbor 
owing to Its actio-n on chlorophyll. Thus its em- 
ployment in agriculture deserves exhaustive re- 
searches . — Coniftes Rend us ^ January 3, 1921. 

Report of Imports and Exports by Air 
IQ20. — The Air Ministry states that the value oi 
imports and exports by air during 1920 exceedec 
a million pounds, the respective amounts bein^ 
;£677 ,o 47 and ;£339,io8 and the grand tota] 
£1,016,155. For the last quarter of the year the 
value of imports and exports conveyed by aircrafi 
were appioximately four times greater than for the 
same period of 1919, although there was a reduc- 
tion in traffic for the month of December as com- 
pared with the preceding months. The principal 
classes of merchandise carried during the yeai 
were clothes and furs. Among the imports, the 
largest item was one of about £307*500 foi 
women^s outer clothing brought from France, 
Fur goods valued at about £78,000 were alsc 
carried from France. In the export trade, the 
different classes of goods dealt with were more 
evenly represented. One of the chief items were 
men*s and boys’ woollen clothing, etc., to the 
value of £27,700. ) ' ‘ 

The Secretary of the Department of Scientific 
and Industrial Research makes the followinp 
announcement. The Lord President of the 
Council has established an Inter-Departmenta 
Committee on Patents with the following terms oi 
reference : (i) To consider the methods of dealing 
with inventions made by workers aided or main 
tained from public funds, whether such worken 
be engaged (a) as research workers, or (^) in some 
other technical capacity, so as to give a fair re 
ward to the inventor and thus encourage furthei 
effort, to secure the utilisation in industry of suit 
able inventions and to protect^ the national in 
terest ; and (2) to outline a course of procedure ii 
respect of inventions arising out of State-aided 0 
supported work, which shall further these aimi 
and be suitable for adoption by all Governmen 
Departments concerned. The Secretary to tin 
Committee is Mr, A. Abbdtt, to whom all com 
munications should be addressed, at 16 and 18 
Old Queen Street, Westminster, London, S.W.i 
Cotton in the West Indies. — Advices from th 
Imperial Department of Agriculture for the Wes 
Indies, dated December 14, state that the Pinl 
Boll Worfn of cotton, gelechia gossyfiHla^ ha 
unfortunately appeared in Montserrat and St 
Kitts. Sir Francis Watts states that it has to b 
recognised that the appearance of Pink Bol 
Worm in the West Indies is a serious matter fo 
the Sea Island Cotton Industry, and one of gravit 
for these islands, and partij.plarly for , those whict 
like Montserrat and St. Vipcent, depend so 
upon the cultivation of cotton for their m^an^ C 
sunoort. The whole question must enfirafire th 
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LUMINESCENCE IN INORGANIC BODIES. 
(A Critical Survey). 

By J. FREDERICK CORRIGAN. 

It is a commonplace in science that many of the 
old, long-familiar, and most frequently occurring 
of the natural phenomena which everywhere beset 
us, often fall into the category of things un- 
esiplained. By some ironical humour of the Gods, 
the quibbles and uncertainties of scientific know- 
ledge often seem to centre around common occur- 
rences, and to escape altogether the more com- 
plicated points. There exists a most wonderful 
and satisfactory way of accounting for the at 6ne 
time mysterious deviations of gases from their 
“laws." The phenomena accompanying the elec- 
trolysis of solutions can be explained, and we can 
even account for the tricky habit which some 
organic compounds have of behaving as if they 
possessed two alternative formulae. But where 
is the all-comprehensive theory which satis- 
factorily explains all the numerous facts connected 
with luminescence ? It is not yet formulated. 
An4'. iwi:les<seuce ‘ is a phenomenon which must 
Ihjsr^ set the* human mind wondering ages before 
\ eved an explanation of the nature of light was 
considered necessary. Luminescence has^ long 
been observed. It occurs both in the organic ana 
in the inorganic kingdoms. Deep-sea creatures 
depend on it for their light; it is as the love- 
token in the insect world; and under some cir- 
cumstances it is even the sign of death and decay. 

However, it is beyond the scope of this paper to 
' deal With the numerous forms of organic lumin- 
escence, our attention being given solely to the 
luminescence of the mineral world. Even here, 
the phenomena is very widespread and diverse, 
both in its mode of production and in its effects. 
Until recently, the literature on the subject was 
scant, contradictory, and unsatisfactory in the ex- 
treme. Even the very name of the phenomena has 
not yet been fully agreed upon, the terms “lumin- 
escence" and “phosphorescence” still being arbi- 
trarily employed, although “fluorescence” is used 
to denote a modification of the phenomenon. 

On consideration, it is evident that fluorescence 
is a form o-f phosphorescence, and for these two 
phenomena the term Umiinescmce has been pro- 
posed by Wiedemann. Wiedemann suggests that 
all phenomena which involve the evolution of 
light not due to ignition should be classed under 
the general terms luminescence. Immediately we 
have two divisions - 

Luminescence (ptospforeTcence (Photo- 

lumines<Q^fio6). 

When a body, such as'^ a, ^ sulphide of an 
alkaline earth metal is stimulated by light, the 
later is absorbed, and at the ssfne time, gr^dimlly 
“ evolved, even after the li^t stimtdafion has 
ceased. - * . t ^ 

A fluorescent solutiop,* txWever, Onl^ 
light as long as ’ 

If the bf> Ji^lf 

immediately ^ | \ 



appear to be the chief point of distinction between 
phosphorescence and fluorescence. Phosphor- 
escence which is' caused by light-stimulus may 
conveniently be named f koto-luminescence ^ or the 
term f hos^hore scene e itself may be retained for 
that particular phenomena. 

Photo^luminescent or phosphorescent compounds 
were known long before they were “discovered” by 
the medieval alchemists. They were wondered at, 
and their preparation was very much sought after, 
but it was not until the close of the last century 
that a real enquiry into the nature and properties 
of these substances was begun. 

Perfectly pure substances are considered to be 
incapable of phosphorescence, the phenomenon 
only being supposed to take place in a solid solu- 
tion. If the supposition is correct, the amount of 
impurity required to produce phosphorescence 
must be exceedingly minute, for in the phosphor- 
escent compounds prepared by H. Jackson {Phil. 
Mag.^ 1898, xlvi., 402), the amount of impurity 
present was too small to be detected by ordinary 
means. Again, it is considered that a certain pro- 
portion of the impurity corresponds to a maximum 
effect of phosphorescence, the effect being 
diminished if the amount of the impurity is de- 
creased or increased (Klatt and Lenard, Wied. 
Ann.j 18S9, xxxviii., 90). 

In confirmation of 5 iis, it is interesting to note 
that Mourelo (Compt. Pend.j exxiv. (22), 1237) 
prepared pure strontium sulphide by reducing the 
sulphate with carbon, and also by treating the 
carbonate, heated to redness, with HaS, The re- 
sulting purified product, he found, did not phos- 
phoresce. ^ If heated sightly, so that a little of 
the sulphide was oxidised to sulphate, the subr. 
stance exhibited a brilliant phosphorescence. 
When, however, ’ the substance was strongly 
heated, so as to convert a larger percentage of 
sulphide into sulphate, no phosphorescence was 
apparent, but on subsequent reduction with char- 
coal, the phosphorescence was again regained. 

The nature of the impurity has apparently a 
great influence upon the colour of the phosphor- 
escence. ^ This may be strikingly demonstrated by 
placing in test tubes ’ quantities of an alkaline- 
earth sulphide to which traces of metallic salts 
have been added. On exposing to the light of a 
magnesium ribbon, the tubes will be seen to glow 
in diffetent colours, aceprding to the nature of the 
impurity present. .The following table, con- 
structed rhainly on the observation of Mourelo and 
Becquexel,' depicts th^v^iation in colour of the 
phosphorescent, allialihe-earth Sulphides, due to 
the presence 6f a second substance in minute 
amounts. ^ » . .. 


Impurity. 


(Dolour of Phospbotescemie 

Mn 

' ... 

... ... Yellpw ' 

Zn 

V ... 

Blue Green , ^ , 

m ... ... 


Yellow Grben ^ 

^ f.. 


... ... ‘ Blue .5^:' 

J ^ f J f , , ! 


... iRed'" 

* Rn ’ ..i * ■ 

’ * 41^1 

... ../Crimson 


u 


Greeu 


csodx; i <i6), ' 1^3^ | WfW. ^ ^ ' 
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Becquerel found that with a specimen of strontium 
sulphide, the colour of the phosphorescence could 
be altered from violet to orange simply by varying 
the temperature. Thus : — 


Temp. 

20'’ C 
40° C. 
70“ C. 
100° C. 
200° C. 


Colour of Phosphorescence 

Violet 

Blue 

Green 

Yellow 

Orange 


Another factor which determines the character 
of the phosphorescence is the intensity of the 
light-stimulus. J. R. Mourelo' {Comfi. ReniL.^ 
1899 cxxxviii., 557), showed that the phosphores- 
cence of strontium sulphide is more intense and 
of a longer duration when the sulphide is light- 
stimulated by diffused light. Light stimulation 
by bright sunlight shortens the duration of the 
phosphorescence and lessens its intensity. The 
sulphides of calcium, barium, and zinc also share 
this property. 

Diffused light also appears to increase the sen- 
sibilty of the substance to light-stimulation, and 
this sensibility may be further increased by re- 
peated exposures ito different light. Mourelo 
developed the sensibility of a specimen of stron- 
tium sulphide to such a degree that the light of a 
candle was sufficient to exert the necessary light- 
stimulus required for the phosphorescence. One 
specimen of strontium sulphide, when phosphor- 
escing with sufficient intensity, can excite phos- 
phorescence in another sample of the sulphide, 
although to a less degree. This phenomenon has 
been termed “auto-excitement”, and it occurs when 
a flask containing a phosphorescent sulphide is ex- 
posed to light. Only the outside layer of the 
sulphide receives the direct light-stimulus, but it 
is found that the whole mass is phosphorescent, 
but in zones of decreasing intensity towards the 
centre of the flask. 

F rom the above, it would appear that phosphor- 
escence is governed by a variety of conditions. 
Summarising these it will be seen that the phos- 
phorescence of an alkaline-earth sulphide is 
dependent on : — 

1. The amount of impurity present. 

2. The nature of the impurity, 

3. The temperature of the phosphorescent 

substance. 

4. The intensity and duration of the light- 

stimulus. 

In the case of fluorescence, it has been shown 
that the phenomenon is often due to the presence 
of an impurity. It is really remarkable that the 
presence of a second substance in minute amount 
should impart such a striking property to the main 
substance. A theory which would attempt to 
satisfactorily explain this must be of a dual 
nature. It must account for the physical as well 
as the chemical action of the impurity. 

Photo-luminescence is really a case of UghU 
storage, or rather the storage of some form of 
light energy. If it were possible to measure the 
total amount of light-energy taken in by the phos- 
phorescent substance, and also the total amount 
of light-energy subsequently evolved as phos- 
phorescence, the two values would doubtless 
coincide. After all, the storage of energy in its 
various forms is not a novel idea. Mechanical 
energy, heat and electricity, can be stored in some 
potential form ; why not also light ? 


The work of Dewar (Proc. Roy. Inst.y 1895, 
xiv., 1 15) on phosphorescence at low tcinperatures 
also supports this view. Most forms of energy dis- 
appear at low temperatures, in addition to being 
made greater by increase in temperature, and the 
phenomenon of phosphorescence is no exception to 
the rule.* Dewar found that the sulphide of the 
alkaline-earth metals, whose phosphorescence is 
increased by rise in temperature, ceased to be phos- 
phorescent when cooled ito — 80° C., but on being 
returned to ordinary temperatures, their phosphor- 
escence was regained. Although, at these low 
temperatures, the phosphorescent sulphides are 
unable to evolve light-energy, they are capable 
of absorbing it, and of releasing it at higher tem- 
peratures. For instance, calcium sulphide, when 
hght-stimulated at a temperature o-f about- -^0° C. 
does not exhibit phosphorescence, but on warming 
up to ordinary temperatures, the usual phosphor- 
escence is obtained. Thus light-energy, which is 
absorbed and stored in a potential form at a tem- 
perature of — 80° C., can be completely evolved 
at higher temperatures. If the light-stimulation 
is carried out at still lower temperatures, the in- 
tensity of the resulting phosphorescence is in- 
creased. 

The duration of phosphorescence varies greatly. 
In some cases it may last for days, whilst in others 
it is almost instantaneous. Besides being de- 
pendent on the duration and intensity of the light- 
stimulus, the duration of the phosphorescence is 
to a large extent governed by the intrinsic physi- 
cal, or chemical properties of the body itself. 
From time to time, suggestions have been put for- 
ward for the constructio*n of an instrument which 
would measure the duration of the light evolved 
by a body possessing only a short-lived phosphor- 
escence, but only two have really materialised; 
they are the phosphoroscopes of Becquerel and 
Lennard. The former deserves a brief descrip- 
tion. 

BecquerePs Phosphoroscope consists of a 
shallow metal drum having two apertures cut in 
both ends, and exactly opposite each other. In- 
side the drum and near each end are place two 
discs which have been divided into sectors, and 
each alternative sector cut out. The discs are so 
arranged that when the sector at one end closes 
the aperture, light is freely admitted at the other 
end of the drum. , Thus it is obvious that when 
light is admitted by a body placed in the drum, 
the aperture to which the eye is placed will be 
closed by one of the sectors, and will only be 
opened when a sector crosses the aperture at the 
opposite end of the drum. When the discs are 
rapidly rotated, the phosphorescent substance in- 
side will be exposed to light and to the eye in 
rapid succession so as to produce a continuous 
vision. By this means, knowing the number of 
sectors and the rate of rotation, it is possible to 
estimate the duration of the phosphorescence of 
the experimental substance. 

Other Tyfes of Luminescence. 

Light is not the only form of energy which can 
act upon bodies so as to cause them to exhibit 
luminescence. Luminescence due to other causes 
has long been known, and the phenomenon admits 

*0ewar observed that many non-phosphorescent bodies, such as 
[ ivory, rubber, cotton-wool, ]^per, gelatine, etc., become phosphor- 
j escent at the temperature of liquid air. This apparent contradiction 
deserves investigation, 
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of certain more or less arbitrary divisions. Thus 
we can distinguish several classes of luminescence 
which are usually named according to their ex- 
citing cause. They are : — 

1. Tribo-luminescence (^‘Luminosity by Attri- 

tion’'). 

2. Thermo-luminescence. 

3. Chemi-luminescence. 

4. Crystalo-luminescence. 

5. Electro-luminescence. 

These subdivisions of luminescent phenomena, 
together with photo-luminescence (phosphores- 
cence), and fluorescence, are all included in the 
generic term Luminescence (Wiedeman). As 
their cause is probably fundamentally the same, 
it will be desirable to deal with each class in turn. 

Trtbo-luminescerice, — Thomas Wedgwood is 
generally considered to be the discoverer of 
“Luminosity by Attrition," although it was ob- 
served some years before by Du Fay (1735). In a 
paper on “The Production of Light from Different 
Bodies by Heat and Attrition" [Phil. Traits. j 
17, cxxviii., 215), Wedgwood put forward the view 
that almost all substances possessed some latent 
“phosphorism" which might be made apparent by 
heat or by attrition (rubbing). His experiments 
extended over a wide range of minerals obtained 
from different localities, and even to this day his 
paper has not been surpassed for painstaking care 
and thoroughness by any other workers on the 
subject. 

Wedgwood observed that the colour of the light 
varies according to the minerals used. He also 
noticed that the “bodies give out their light the 
instant they are rubbed on each other, and cease 
to be luminous when the attrition is discontinued." 
He paid attention to the “foetid smell" which in- 
variably accompanies the phenomenon of tribo- 
luminescence, although be offered no explanation 
of^ the peculiar odour. The cause and nature of 
this odour is still unknown. Quartz exhibits tribo- 
luminescence even under water, alcohol, or ether. 
This fact has prompted a writer in Nature (Nov, 
4, 1920) to suggest that the apparently volatile 
odoriferous matter could probably be obtained in 
solution by grinding quartz under a suitable liquid. 
However, at present, speculation is of little use 
until more experimental evidence has been 
accumulated, for with regard to the latter, our 
knowledge of the subject is little more than it was 
in Wedgwood’s time 

Thermo-lmninescencej as its name implies, is 
the phenomenon which accompanies the heating of 
of certain substances to temperature below red 
heat. Wedgwood carried out experiments on 
thermo-luminescence by dropping substances on to 
a heated iron plate. He found them to emit “con- 
siderable light." Many bodies emit light when 
heated. In the case of chlorophane, a variety of 
fluorspar, the heat of the hand is sufficient to cause 
the mineral to luminesce vividly. 

But here again our knowledge of the subject is 
almost zero. Ordinary phosporescence or photo- 
luminescence might very well be considered to 
come under the heading of thermo-luminescence, 
for below a certain temperature no amount of 
light-stimulation will cause luminescence, but on 
warming up to ordinary temperatures, the lumin- 
escence becomes apjjarent. One might postulate 
and determine a critical temperature df lumin- 
escence, and thus absorb the ^ Category bf ' thermo- 


luminescent bodies into the larger photo-lumines- 
cent classification. Wedgwood noticed the fact 
that the luminescence decreased with subsequent 
heating, although after many periods of heating 
he was never able to drive the luminescence off, 
as it were. However, modern investigation would 
probably be able to determine whether repeated 
periods of heating are able to rid a body of its 
luminescence, and whether after light-stimulus at 
ordinary temperatures, the body again becomes 
luminescent on heating. This piece of simple 
experimental evidence would enable us to 
definitely fix our views with regard to photo and 
thermo-luminescence, and most probably the two 
divisions would become absorbed in one larger 
category. 

Chemi-htminescence includes all cases of chemi- 
cal action which give rise to luminescence without 
any apparent rise in temperature. The lumines- 
cent properties of phosphorous in contact with air 
and moisture are well known and have been care- 
fully studied. The luminescence of decaying 
vegetable matter, due to the presence of luminous 
fungi and bacteria, have also rather prematurely 
been classed under this heading. 

Crystalo-luminescence . — Certain salts, on crys- 
tallising from suitable solvents, give out a lumin- 
escence of short duration at the moment of crys- 
tallisation. The luminescence of arsenious acid 
crystallising from HCl has long been known. 
Berzelius noticed that saturated solution ^ of 
sodium fluoxide evolved a momentary yellow-ligh^ 
when crystallising. 

Bandrowski (Chemical News, 1894, Ixx., 313) 
studied the luminous phenomena attending the 
crystallisation of NaCl, KCl, KBr, K.SO^, KNO, 
from aqueous solutions. He also observed a 
luminescence which occurred ’ wh^ salts were 
precipitated from the aqueous solutions by means 
of HCl. Sodium chloride, he states,^ gives a 
striking result, the light evolved being of a 
greenish-blue colour, and of considerable in- 
tensity. Bandrowski considers that luminescence 
is brought about by the union of oppositely- 
charged ions from the solution. This statement 
he regards as confirmed by the fact that only salts 
which are electrolytically dissociated exhibit the 
phenomenon. 

Farnau (/. Phys. Chem.^ 1913, xvii., 637) has 
investigated the crystalo-luminescence of the 
haloids of Na, K, Cd^ Zn, Hg, Li, Rb, and Cs. 
He extends his observations to luminescence of all 
kinds, which he considers to be due to obscure 
chemical actions. If ^he rate of the reaction is 
increased by means Ojf^ catalytic agencies, or by 
temperature, the intensity of the luminescence is 
increased in proportion. According to- Farnau. 
the nature of the lurninescence depends only on 
the metallic content of the compound, and is the 
same howsoetter produced. 

Electro-luminescence . — The circumstances undei 
which bodies can be ^made luminescent by elec- 
trical means are well known, and it is in this 
branch of the study that most of the work con- 
nected with luminescence has been performed. 
Many substances, especially diamonds and rubies, 
become luminescent more or less readily when sub- 
jected to the action i of cathode rays, X^raj^s, 
radium emanation, ultrarviolet light, and 
forms of radiant eiwgy. Rarified. gases" alsh 
come lumimscent'^-^eat subjected id .the of 
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the cathode rays. These appear to be the only 
known conditions under which gases become 
luminescent, although Newall {Nature, iSgy, 
Ivi.) has apparently observed luminescent pheno- 
mena attending the compression of a gas from low 
pressures up to ordinary pressure. 

Obviously, the phenomenon of luminescence in 
rarihed gases is due to the operation of some kind 
of radiant energy, and Jackson {Tran$, Ckem, 
Soc,, 1894, cxxxiv.) put forward the suggestion 
that the colour of the sky might in reality be of a 
luminescent nature, the highly rarified gases 
existing on the fringe of the earth's atmosphere 
becoming luminescent under the influence of the 
solar radiant energy. 

Such are the mam departments into which all 
luminescent phenomena are divided. Although 
luminescence is the study in question, we for the 
most part still grope in darkness when consider- 
ing It In every branch of the study the possi- 
bilities of lesearch are enormous, and long vistas 
of the unknowm await the scientific man who 
undertakes a close and persisteiit investigation. 

But oui article w'ould be incomplete without a 
short reference to the 

Theories of Luminescence, 

Under^ this heading we shall confine ourselves 
to a rapid survey of the theories of photo-lumin- 
escence (phosphorescence) only. As they are very 
numerous, and as each investigator appears to 
have his own particular theory, it will be con- 
venient here to gather them up into classes or 
types, for each theory conforms more or less to 
a standard type. 

Actual Absorption of a Material Light ^All 

early theories are based on this conception, and 
only differ in the explanation of the nature of the 
light emitted (Boyle, Canton, &c.). 

Theories Inmlming Ionic Changes, — These 
theories which attempt to explain the apparently 
necessary presence of minute traces of impurities 
in phosphorescent substances, regard the phos- 
phorescent body (alkaline-earth sulphide) as con- 
taining in solid solution a heavy-metal sulphide. 
By the act o-f solution the latter substance is de- 
composed into ions, which are further split up by 
light into electron-like particles. When these 
latter unite to re-form ions, light is emitted, and 
thus a phosphorescent state is set up (De Visser, 
Ckem. Centr., 1902, i, x., 583; Belby, Nature, 
vol. 1904-5). 

Theories Involving Chemical Changes This 

type of theory may be stated as follows : When 
a substance k becomes luminescent under the 
influence of light, it is converted intO' a new sub- 
stance B. This latter is destroyed by heat, being 
converted back again into A. Thus luminescence 
is the energy which is evolved as a result of the 
transformations of the substances A and B. When 
thermo-luminescence does not occur, the com- 
pound B is probably of an unstable nature, and is 
decomposed at the instant of its formation. 

By this theoryj the persistence of phosphores- 
cence after the hght-stimulus has passed may be 
regarded as thermo-luminescence at ordinary tem- 
peratures (A. Debieme, Compt Rend. 1006 
cxkii. ; Wiedmann and Schmidt, Ann, der^Physih' 
189s, Ivij 246; Nichols and Merritt, Phys, Rev' 
mZy xxvii 4 367 ; Voigt,' dfec.). 

Electron Tkeortes.-^ln these theories it is sup- 
^posfd th^t under, the influence of light, electrons 


are emitted fiom the phosphorescent body. The 
electrons, however, are only evolved from certain 
“centres,” and not uniformly from the whole area 
of the alkaline-earth sulphide exposed to light. 
The areas or localities from which the electrons 
have been liberated now acquire a positive charge 
of electricity, whilst the electrons themselves be- 
come attached to the sulphur atoms. It is in the 
return of the electrons from the sulphur atoms to 
their original “centres,” and in (the subsequent 
neutralisation of charges that the phenomena of 
phosphoresana has its rise (Lennard, Ann, der 
Pkysih, 19x0, xxxi., 675; Stark, Prmzipien der 
Atomdyiuunih, 1911; Allen, “Photo-Electricity,” 
iQi3). 

Although most of the theories may be referred 
to ihe above types, the list is by no means ex- 
hausted. However, space doo-s not admit of any 
one of them being treated in detail. The most 
rational and far-reaching explanation of phos- 
phorescence will probably be based on the belief 
held towards the end of the last century, that in 
some manner, light or some accompanying-light 
energy is held by the substance in the form of a 
strain of energy, and that during a recovery from 
the strain, light is emitted, in much the same way 
as energy can be stored in the form of a strain, 
by twisted elastic cords. Klatt and Lennard added 
substance to this view by showing that the 
alkaline-earth sulphide entirely lose their pro- 
perty of phosphorescence when subjected to high 
pressures. 

But here we must leave the subject as it stands. 
A complete understanding of the phenomena in- 
volves a knowledge of the play and interplay of 
atomic forces ; a knowledge of which is yet 
ing, but towards which the physicist is 
surely groping his way. Meanwhile,' re- 

mains to be done in revising and placing on a Arm 
scientific basis many observations, the accuracy of 
which is to be doubted. The varied phenomena 
of luminescence should cease to be regarded as 
scientific curiosities, but should more properly be 
looked upon as manifestations of some unknown 
natural law. 


SOME TECHNICAL APPLICATIONS OF 
SPECTROSCOPY DURING THE WAR. 

By A. DE GRAMONT. 

Some years ago, the author showed that the spark 
discharge of an electrostatic condenser when it 
illuminates the surface of a solid or fused com- 
pound gives a complex spectrum in which all the 
constituent^ elements of the compounds exhibit 
their individual line spectra. The spectrum thus 
produced may be considered to be obtained by the 
super-position of the spectra of the compounds, 
in which, of course,, the stronger rays of one 
element may eclipse the fainter lines of another 
element in their immediate neighbourhood. The 
spectra of compounds thus give time dissociation 
spectra in which all the substances present can be 
recognised, the sensibilities being different accord- 
ing to the element under consideration The 
apparatus used by the author consisted either of a 
spectrograph with two crown glass “uviol” prisms, 
or one with a single quart2 prism, the former 
giving the best results, When the substance under 
examination consisted of a no-n-conducting 
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material, such as a precipitate or powder or earthy 
mineral, a suspension of it in a fused alkaline 
salt was made. Certain rays which the author 
called "ultimate rays” were found to be always 
the last to disappear as the amount of the element 
was diminished. These rays are not necessarily 
the strongest or brightest in the spark spectrum; 
they are found in the arc spectrum and in the 
spectra of very hot flames, such as the oxy- 
hydrogen or oxy-acetylene flame. Certain metal- 
loids, such as chlorine, bromine, iodine, oxygen, 
sulphur, selenium, and nitrogen, do not give arc 
spectra nor ultimate rays, while others, such as 
boron, carbon, silicon, phosphoric, arsenic, tellu- 
rium, ^ exhibit these rays, and although their 
detection by spectrocopy is not easier than by 
modern analytical methods, it is very usefully 
employed in the case of the co-existence in a com- 
pound of several elements. The ultimate rays of 
these metalloids are situated in the very refran- 
gible part of the ultra-violet. 

The author applied this method of investigation 
to many metallic products, and drew interesting 
conclusions as to their purity. He found that 
some specimens of German steels, for example, 
gave extremely complex spectra, showing the 
presence as essential constituents of chromium, 
nickel, vanadium, and^ tungsten. Minute traces 
of boron in a vanadium steel make it extra- 
ordinarily hard. Stalled pure specimens of 
copper always Contained iron and carbon, and 
t^alciam and silver. Commercial platinum 
Bobtained copper, silver, and gold, as well as 
iridium, rhodium, and palladium, while zinc al- 
ways contained traces of cadmium, lead, and iron. 
An interesting discovery made by the help of this 
method was the fact that the ash of tissues and 
various -physiological products always contains 
zinc, and it has been established that zinc is a 
normal constituent of all animal cells. — Bulletin 
Qjffieiel de la Direction des Reeherches Scihntifi- 
ques ei dndustrielles et des Inventions^ July, 1920. 


A CRITICAL STUDY OF FERTILISER 
EXPERIMENTS. 

By C. B. LIPMAN and G. A. LINHART. 

Among ;the most expensive and time-consuming 
experiments in agricultural investigations have 
been those which attempt to ascertain the proper 
cheniical amendments or fertilisers for soils. This 
appli^ in particular to the long-term fertiliser 
experiments like those at Rothamsted in England, 
at State College in Pennsylvania, and at Wooster 
and Strongsville in Ohio. Conceived and in- 
augurated, as they were, at times when little or 
no real authentic information was available rela- | 
tive to the nature of soils and plants, it is ^but 
natural that fallacious and short-sighted planning < 
should have dominated them. It occurred to cme 
of us that as critical thinking in this field has be- 
come more general, and facts more plentiful, it 
is high time that fertiliser experiments in general 
and the "long-term” experiments in particular he 
subjected to critical scrutiny. Jt seemed t^^rable 
to employ the statistical method for this ' 

particularly in view of the .striking. 
tamed in this laboratory, 


D. D. Waynick. It seemed clear to one of us 
that if, as Waynick, and Waynick and Sharp had 
demonstrated, the variability of soils and of plants 
is very large even within selected and presumably 
uniform material, one could not expect previous 
fertiliser experiments to be of much value, since 
the factor of variability has been entirely ignored 
in their arrangement and study, and the probable 
error to which they were subject was not deter- 
mined. Accordingly, Lipman and Waynick began 
in January, igig, a systematic study by statistical 
methods of the results of fertiliser experiments at 
the Ohio and at the Pennsylvania Agricultural Ex- 
periment Stations. Mr. Waynick left this labora- 
tory the following July, but with a number of 
interruptions, the work has been continued, and 
we hope to issue the voluminous data, together 
with a critical discussion of them, in due course. 
Since the work may be a long time in the press, 
we deem it wise to present here a few of the 
salient and most important findings of our studies, 
so that our colleagues may be apprised of what 
we consider to be an investigation of a funda- 
mental nature, not merely on account of the im- 
portance of the subject itself, but because of its 
important bearings on agricultural research. 

It seems that the originators of both the Ohio 
and the Pennsylvania experiments saw the value 
of replicating check plots, while not recognising 
the value of such replication for the treated plots. 
Only in the case of two complete fertiliser plots 
in the Ohio experiments^ was the fertiliser treat- 
ment the same. In all the others every treatment 
was different from that of every other. This 
situation renders it difficult to subject their data 
to statistical treatment in the most desirable way. 
Fortunately, however, the long series of years 
during which the plots were studied gives, in a 
certain sense, a replication of plots of each kind. 
Our procedure has been, therefore, to group the 
plots in different ways, including the following : — - 

1. All the check plots for each year. 

2. One check plot for all the years. ^ 

3. All the plots treated with "one-element” fer- 

tilisers in one year. 

4. Every "one-element” fertiliser plot for all 

the years. 

5. The same double study for the "two-element 

fertiliser plots.” 

6. The 'same for ’ the "three-element” fertiliser 

. plots. 

In addition to these groupings, others were 
made in which a given plot was studied with each 
crop in the rotation, so to allow of only three 
to eight "yield” data for each plot. It may be 
said in passing that the, rotation study included 
in these experiments only serves to complicate a 
situation which was already sufficiently difficult. 
We shall show in det^l in the complete study 
which is to be published i ths-t these experiments 
^re utterly inadequE^te fof solution of the questions 
involvedt and that stll fertiliser ^experim^nls^ 
are so , falladdus aS that' ithey do not justify ^ 
use of li)le lar^o amount^ uf money that , are 'CoU^ ? 
stantly being lavished upbn them. . > 1 1 ft 

the sake of brfvit3| only a 
infgs," front the^stiafe* ot pe Ohio alone|||^| 

j. ' 
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obtained on the untreated check plots. All state- 
ments to the contrary which have heretofore been 
made are enoneous, and the data on which they 
are based were obtained by a misleading method 
of procedure and evaluation. 

2. The “t-w’D-element” fertiliser plots give defi- 
nite increases in yield over the untreated control 
plots. Whether or not the increases are profit- 
yielding, however, is a question which will be dis- 
cussed later. 

3. The ‘^three-el emenf’ fertiliser plots give defi- 
nite increases in yield over both the untreated 
control plots and the “two-element” fertiliser plots. 
Here again, the question whether the increases are 
profit-yielding still remains to be determined. 

4. The kind of fertiliser used seems to have been 
without significance, one being just as good as 
anothei, subject to the limitations above noted. 

5. The amount of fertiliser used seenas like- 
wise to have been without significance (subject to 
the same limitations). 

6. ECven when fertiliser experiments are 
properly planned, and the results adequately 
studied by statistical methods, our present know- 
ledge of the enormous variability of all soils and 
plants renders the data from any given fertiliser 
plot of value only on that plot, no matter how near 
the experimental one. This important considera- 
tion renders it highly probable that no fertiliser 
experiment as ordinarily conducted is possessed 
of sufficient practical value to justify the large 
expenditure of money, time, and energy involved. 

We wish to emphasise that we are not desirous 
of making a fetish of the application of statistical 
study to fertiliser experiments. Nevertheless, we 
must say that if statistical methods, inadequate 
as they may be, should not prove applicable to an 
evaluation of the results of fertiliser experiments, 
the latter must be accounted of even less value 
and significance than we have here accorded to 
them . — Proceedings of ike National Academy of 
Sciences of U,S.A.j November, 1920, 

f =========:=^^ 

ELDRIN, A NEW PLANT CONSTITUENT.* 

By JOHN URI LLOYD, Ph.M, 


For thirty or forty years in the experiments I 
have made with drugs, plants, and plant struc- 
tures, I have met continuously the fact that linked 
with each plant texture there was something pre- 
sent that under the infiunce of an alkali gave a 
yellow colour. For example, strip a paw-paw of 
its bark and touch the white inner surface with a 
solution of potash — now it turns yellow. There 
IS probably one rule in this as elsewhere, and 
that is the rule of exceptions, I hope to find one 
white blossom that will not turn yellow. If I do, 
the exception may be of help to the botanist, for 
It may be the forerunner of a class distinction. 

For years this yellow phenomenon was before 
me, but I could not catch the material that pro- 
duced It. ^ About a year-and-a-half ago I decided 
that if 1 isolated this yellow something that per- 
vaded all plant tissues so linked with imprities as 
seemingly to defy isolation, it must be obtained 


^ Constituents delivered at th 
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from something that is white, something that does 
not carry a mass of extraneous material to con- 
taminate the principle desired. Then it occurred, 
why not use the petals of a white flower to get this 
yellow something.? 

The elder was then in bloom. These, I found, 
turned deep yellow with ammonia gas. I pro- 
cured solb. of elder flowers, put them in a perco- 
lator, made a tincture, and worked it by means 
of neutral solvents and excluders, to rid the pro- 
duct of the alcohol, chlorophyl and w^ax. I had 
5 gallons of the chlorophyl-free liquid, and said to 
Mr. Miller, who was assisting me : “Place the jar 
in a cold situation, and to-morrow morning I shall 
examine it.” Next morning I tipped the jar very 
carefully, and all down the sides were little white 
concretions about the size of pin heads. It was 
the thing I have been seeking forty years. 

I took one of those pin heads to the laboratory 
and dropped it intO' distilled water and it did not 
dissolve. I added ammonia — behold I it imme- 
diately dissolved, the liquid turning deep yellow. 
It was only the size of a pin head, but there were 
thousands of them. An they kept increasing in 
size. The marvellous phase of this subject is, I 
got noz. (crude) of that substance out of that 
5olb. of elder flowers. Before that, by reason of 
faulty research, I could not get a grain from any- 
thing. 

The first thought of a pharmacist is, what value 
a new sub.stance may have in medicine. Alas, the 

t reater part of my work has been the repeated 
nding of something that had no value. I sent 
some of this material to Prof. R, Adams Dutcher, 
University of Minnesota, requesting that be make 
a physiological examination of it. His 
Uminary report was to the^ effect that, according 
to a preliminary investigation, it had no physio- 
logical action. May I not ask, should a pecu- 
liarity of action be expected of a substance per- 
vading plant tissues everywhere. (I had vitamics 
in mind, there was reason to hope that a general 
life supporter of plant life, serviceable to animals, 
could be found and isolated. Not a poison of 
energetic action. This, I accept. Dr. Dutcher 
demonstrated as a fallacy in the direction of this 
substance). 

In this cylinder I have distilled water, and I 
propose to put into the water a small amount of 
this material. Note that it settles to the bottom. 
It is perfectly insoluble. One grain shaken with 
a gallon of water apparently disappears, but if 
let stand until the next day, behold, it is all at the 
bottom. I now shake the mixture, and pour half 
of it into another cylinder, then add a little am- 
monia water — note the change in colour, to deep 
yellow. A very delicate reagent is it for an alkali. 
Let us now make both liquids yellow. Into one 
I pour diluted sulphuric acid, in excess, to destroy 
the ammonia. The liquid becomes colourless. 

Now the question came to me, “Why is the white 
flower white when it has the yellow material in 
it in such quantity?” Then I figured to myself 
it must be because the white petals carry also an 
acid which in contact with the yellow material 
makes it white. In other words, would the white 
flower be yellow if there was an alkali in the 
petal instead of an acid ? Crushing the flower in 
a mortar with a little distilled water gave a sharp 
acid reaction. Blue litmus turned red at once. 
The acid was present. 
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The question arises: What is the use of this 
thing in nature ? I think I comprehend the sub- 
ject, but it IS too great to try to bring before you 
to-day. 

I am going to ask you to be charitable in what 
I have said concerning the theories I now hold, 
I may be right and I may be wrong. We can see 
this colour change and we know that the petals 
hold organic acid. What of it? I don^t claim 
that anything I have brought is new; quite the 
contrary. So far as I know, this experiment has 
not been made. In some literature unknown to 
me it may be explained. It doesn’t matter whether 
it is new or old — it is a phase in plant economy 
that is a fact, and may be of service other than 
as a medicine. 

I asked myself : Why the material could not be 
used to make a test paper? ^ Why would not 
paper saturated with a solution of this material 
turn yellow with alkali and colourless with acid ? 
I tried it and it worked. There is a shade be- 
tween led and blue litmus which makes it difficult 
sometimes to quite determine the end-reaction. 
There is no intermediate shade with this. 

For example, let us now pour into these 
tumblers some water, and into the one put some 
ammonia and in the other dilute sulphuric acid. 
The paper I hold in my hand has been saturated 
with a weak solution of this material and dried. 
I dip it into the acid. See, it is colourless. Now 
I dip^ it into the amiiionia; it instantly turns 
yellow. 

You ask the name of this material. I call it 
Eldrin. But it may have been long known else- 
where and recorded under a different name or 
different terms. 


AJSr EPOCH-MAKING DISCOVERY. 

By Charles. H La Wall, Ph.M. 

It is bromidic to quote the oft-repeated proverb 
about the prophet and his own country, and yet’ 
none other is applicable to the situation in which 
Einstein finds himself in Germany while much of 
the remaining scientific world is doing him 
homage and dscussing his work on “The Special 
and General Theory of Relativity.” 

This is an age of pragmatism, and while the 
educational attainments of the average individual 
are higher than ever before in the world’s history, 
it is to be doubted whether there is much sympathy 
with, or consideration of, abstract principles as a 
rule, except among mathematicians and physicists. 

From the earliest times there have been those 
who went out of their way to grapple with the un- 
known, whether or not the rewards were apparent. 
Babylonian arithmeticians and Egyptian geo- 
meters had exercised their mathematical abilities 
chiefly along the lines of mensuration, with some 
attention to astronomy, but when the speculators 
of Hellenic origin appeared, abstract mathematics 
became a cult which lasted for several centuries, 
and which influenced human though for all time. 
Thales, Pythagoras, Plato, Eudid, Aristotle, and 
Ptolemy, were little concerned ^with the practical 
applications of their theories, yet they paved the 
way for Copernicus, Descartes, Galileo, and New- 
ton, who came many centuries later. 

,The pupil of Euclid who ask^u “What do I get 
for learning these things V' typito*a state of 'mind 


common to all ages, and probably approaching 
its highest peak in our own time, as indicated by 
the general apathy with regard to the underpaid 
members of the teaching profession, and the atti- 
tude of the average school pupil or college student 
who aims not at perfection in his work but sets his 
goal at the minimum passing grade. 

In Francis Bacon’s classification of’ hurnan 
knowledge (1630) speculative philosophy occupied 
a larger proportion of the diagrammatic scheme 
than would be accorded it by one who attempted 
a similar outline to-day, and 3’’et the worker in 
pure research, or the one w’ho discovers and re- 
cords an abstract scientific principle, may be con- 
ferring upon future generations blessings incal- 
culable. 

The continuity of scientific effort in anv single 
direction is more evident in our era than at any 
previous time in the world’s history. 

More than two thousand years elapsed between 
the crude steam appliances of Ctesibus and Hejo, 
and the steam engine of James Watt, and outside 
of one experiment of Lepnardo de Vinci, most of 
the developmental work occurred in the century 
in which Watt himself lived. 

It took comparatively few years for the dis- 
covery of the Hertzian waves to find their prac- 
tical application by Marconi, and yet Hertz and his. 
co-workers never dreamed of such a thing as wire- 
less telegraphy, nor profited by their work except 
in reputation. 

The work of Albert Einstein, which deals par- 
ticularly with space and time, and which concerns 
itself in reality with a method of interpretation 
of old rather than the promulgation of new prin- 
ciples, is lookediupon as epoch-making in its pos- 
sibilities by some of the mathematicians, physicsts, 
and philosophers, who are in close enough touch 
with the subject to be able to judge thereof 
intelligently. 

For the individual not actively engaged in the 
fields of work most directly affected by Einstein’s 
observations, articles have appeared ; lectures have 
been delivered and books have been written for 

i he purpose of stopping down the high voltage of 
he original communication to a lower potential 
vhich will not burn out the mental coils and fuses 
qf the average intellect. Dr. Leffmann has 
humorously and approximately correctly trans- 
lated the Einstein idea into the epigrammatic’ 
form that : “You cannot fell wffiere you are unless 
fmu know what time it is and you cannot tell what 
time it is unless you knony. where you are.” 

' In Euclidean geometry, as taught in our elemen- 
tary schools, description^ of events in space pre- 
suppose the existence of a rigid or invariable body 
to which such events may be referred. 

No cognizance is taken of differences of values 
in observation, due to the fact that one observer 
is in motion while the other is at rest, nor of 
differences in interpretation due to time dis- 
crepancies. 

In physical science dat;a have long been accumu- 
lating for which no use cpuld be found in the cal- 
culations of three dimen^ionaE or ordinary space. 
By the introduction oE the time factor a four 
dimensional space-time opmbination becomes pos- 
sible, and these hitherto unused dataware said tp. 
find a place*' ^ \ ^ ^ ^ ^ ^ 

In th.€ Eiasteito 
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measuring unit or of the duration of an event are 
not absolute quantities, aS has always been hither- 
to assumed in physics, but it is declared that they 
actually have different values for different systems 
of reference moving with relation to one another. 

Newton had established concepts of what it has 
been customary to call ^‘Absolute true and mathe- 
matical time” and “absolute space.” 

Experiments of certain physicists had proved 
man^s inability to detect absolute motion (motion 
with respect to the hypothetical aether). This has 
recently led to the development of a theorem to 
the effect that “all laws of physical nature should 
have been formulated with reference to a definite 
coordinate system, are valid, in precisely the same 
form when referred to another coordinate system 
which is in uniform rectilinear motion with res- 
pect toi the first.” 

This empirical law is Einstein’s “Special Theory 
of Relativity.” 

It is a simple matter to make time duration cal- 
culations with a clock situated where the event is 
tdfeing place. It is more difficult to make such 
calculations with events happening at two 
different places, for then some elaborate pre- 
cautions must be taken to bring the two clocks into 
synchronous agreement When we come to deal 
with calculations where the clocks are not at rest 
with reference to each other; as for instance, when 
one is on a railway train travelling at a high rate 
of speed, all ordinary methods of measurement 
and comparison fait 

Such refinements of observation seem to be be- 


yond our conceptions of practicality, and yet we 
are assured of their value by those who deal with 
calculations involving the physical laws, particu- 
larly with reference to light. 

One of 'the modern concepts, which is at vari- 
ance with Newtonian principles, is the declaration 
that a gravitational field has an influence upon a 
ray of light. Einstein asserted his ability to 
prove this by the application of his method to ob- 
servations and calculations of certain astronomical 
phenojmena. This assertion is said to have been 
confirmed by observations of the photographic 
registrations of stars during the eclipse of the sun 
in May, 1919, and afford justification for the hope 
that some of the obscure, laws of nature may be 
fathomed by a further pursuit of this subject by 
those philosophers who are equipped for this re- 
condite branch of human study. 

In the words of one of the recent interpreters 
of Einstein to the multitude this thought is ex- 
pressed as follows : “The main philosophic 
achievement of the special theory of relativity is 
probably the recognition that the description of 
the event, which is adraittedly only perfect, if 
both the space ^nd time coordinates are specified, 
will vary according to the relative motion of the 
ol^erver ; that it is impossible to say, for instance, 
whether the interval separating two events is so 
mahy centimetres and so many seconds, but that 
* may be split up into length and time 

in ditfex^t ways, which depend upon the observer 
who IS describing it” (“Space and Time in Con- 
tempx^ Physics,” by Moritz Schlkk). 

jelativity” concerns itself 
r fields of human speculation and 

endeavour, ms is much more daring and less 
eas^dy co^j;ebended without a knowledge of 

ighe^ mathematics and there are those among the 


physicists and mathematicians who characterise it 
as “Metaphysical Mathematics,” and “Intellectual 
Moonshine.” 

The fundamental question, “are space and time 
real ?” cannot be answered simply and categori- 
cally, Space and time for human comprehension 
and appreciation are dependent upon the existence 
of things which lie closer to our senses* 

If there were not material bodies we could have 
no conception of “space”, and if no events or 
changes took place “time” would be devoid of 
meaning. The world-old question as to what con- 
stitutes reality finds the answer of the modern 
physicist eminently satisfying. “Whatever can be 
measured is real.” 

Are space and time real ? Both being measur- 
able we unhesitatingly reply in the affirmative. 
Yet if we perform the imaginary experiment of the 
celebrated French mathmatician Poincar^, and 
“suppose that all material bodies should increase 
over night one hundred fold^” we should be un- 
able to perceive the change, for all of our 
measurement standards and units would have 
changed likewise. We should still call an inch 
by that name although it had increased to more 
than eight feet. How can we argue convincingly 
about the reality of space, therefore, except as a 
relative concept 

So in the same way our time determinations be- 
come closely associated with physical bodies as our 
ideas of space, and quantitative determinations are 
predicated upon some pre-arranged method of syn- 
chronising our clocks; otherwise conceptions of 
simultaneity and equal duration can have no defi- 
nite and invariable meaning* 

The influence of the gravitational field pfevemi&i ’ 
the application of the special theor^f of {relativity 
to any but systems at rest or moving uniformly 
and rectilinearly. 

The mathematical development of the theory 
pre-supposes the introduction of the time factor 
as a fourth cobrdinate and calling the new and 
complex curve thus produced the World 4 ine of a 
given point The final formulation of the Ein- 
stein Law is expressed as follow^s. “The world- 
line of a material point is a geodetic line in the 
space continum.” The time factor is not intro- 
duced simply as such, but as in whiqh c de- 

notes the velocity of light. 

The statement that every motion is relative may 
be looked upon as another way of expressing the 
view that space and time have no physical objec- 
tivity. Space and time are not measurable in the 
abstract. They constitute the framework which 
we fill up with physical events, both spatial and 
chronological. 

We gain our knowledge of both space and time 
by direct experience, so in our everyday life we 
shall continue to deal with them as heretofore. 
To the physicist and astronomer, however, new 
fields of research are already opening, and it is not 
too much to expect the future to bring us into 
closer harmony and a more nearly correct under- 
standing of electjro-dynamics and gravitational 
law with a realisation, perhaps, that matter after 
all is but one of the manifestations of energy. 

One comfort for the average student of mathe- 
matics is found in the assertion that “Euclidean 
geometry is to remain valid for infinitely small 
portions” which includes those within the ken of 
our ordinary daily life^ The trouble with the 
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tour of the three Fair centres and their reception 
at Manchester, the delegates have enjoyed every 
facility for a rapid and thorough survey of British 
3ndustr>^ The fresh connections formed by the 
members of the Missions with the leading repre- 
sentatives of the trades of this country should be 
productive of much fresh business and increas- 
ingly harmonious commercial relations between 
the United Kingdom and the Continent . — Board of 
Trade Journal ^ March lo. 

Diamond-Cutting Scuool in South Africa. — 
According to the local press, a school for training 
men and women in diamond cutting is shortly to 
be established, probably in Johannesburg. The 
Transvaal Provincial Council has voted £15,000 
for the purpose, which will provide for suit- 
able premises and machinery, a highly-skilled 
technical head, and competent assistants. In the 
opinion of a member of the Provincial Council, 
the school should be completed by about the end 
of April. One of the drawbacks to the establish- 
ment of a diamond-cutting industry in South 
Africa in the past has been the alleged absence of 
cutters, but with the establishment of this school, 
which will teach the work thoroughly and com- 
pletely in all its branches, there should be nothing 
to prevent the building up of a large and flourish- 
ing industry. 

State-Owned Arsenic in Queensland.— Among 
the trading enterprises of the Queensland Govern- 
ment is an arsenic mine, from which about 3,000 
tons of ore have so far been obtained at a gross 
e?cpenditure of some £17,000. The ore is passed 
on to arsenic treatment works, also owned by the 
State, whose aim is to afford relief from the very 
high prices ruling for arsenical products. During 
the last financial year, the gross expenditure on' 
the works was £14,040, bringing up the total since 
the commencement to £23,311. The arsenic pro- 
duced is distributed among the farmers of the 
State at £io a ton for the destruction of prickly 
pear, and at £23 a ton for cattle dips and other 
farm requirements. 

Dyestuffs (Import Regulation} Act, 1920.— 
The list of products covered by the Dyestuffs (Im- 
port Regulation) Act, which has been drawn up 
in consultation with ^ the Dyestuffs Advisory 
Licensing Committee, is now available, and may 
be obtained on application either to the Board of 
Trade, Industries and 'Manufactures Department, 
Great, George Street, Westminster, London, 
S.W.i, -or to the Dyestuffs Advisory Licensing 
Committee, Board of Trade, Danlee Buildings, 
53, Spring Gardens, Manchester. 

.(Contribution to Study of the Mechanism of 

THE Fertilising Action of Sulphur A certain 

number of researches have demonstrated that 
flowers of sulphur, applied to the soil in suitable 
quantities, act as a fertiliser and increase yields. 
One of the essential elements in plant life, sulphur 
exerts at least a double action. In the first place 
It supplies sulphuric acid, by bacterial oxidation 
in the soil,^ directly assimilable, presence of which 
especially in non-calcareous soils, permits absorp- 
tion of certain mineral elements (potash, iron 
oxide, alumina, and even manganese). Then it 
facilitates the work of ammonia bacteria and nitri- 
f^g bacteria, thus placing larger quantities of 
nitrogen at the disposal of the plants. Such are 


the facts acquired by experiment. It has even 
been thought that sulphur favours development 
of nodosities in the roots of leguminous plants 
Experiments made in Algiers in igiS and in the 
Jardin des Plantes of Nancy in 19.20 to elucidate 
this question, with peas, haricots, Lathyrus 
Ochrtis and Lnpinns Albits^ grown in pots con- 
taining sulphurised soil in the proportion of roo, 
200, 300 kilogrms. of sulphur per hectare gave 
no clear results, perhaps because the sub-soil of 
mould was rich in nitrogen. These experiments 
demonstrate, once more, the fertilising action of 
sulphur as illustrated by the following figures for 
the haricot Souvenir de Dreuil : — 

Weight. 

Number of 

Seeds. Seeds. One Seed 
grms. grm. 

Without sulphur ... 13 4*9 0*376 

100 kilogrms. of sulphur 12 5*310 0*462 

200 kilogrm.s. of sulphur 5*745 0*574 

300 kilogrms. of sulphur 5*115 0*426 

are interesting chiefly from another point of view. 

They demonstrate that in suitable proportions 
sulphur can favour carbureted nutrition of plants. 
In suitable proportions, variable with each species 
(200 kilogrms. per hectare for haricots and 300 
for peas) sulphur favoms foimation of starch and 
photo-synthetic action, the latter being the conse- 
quence. Messrs, Maze and Demolon have already 
demonstrated that sulphur is necessary for deve- 
lopment of chlorophyll, its absence causing 
chlorosis. In consequence^ of this action on the 
green pigment, decomposition of atmospheric car- 
bonic gas is stimulated, carbon is fixed in larger 
quantities and reservea in form of starch. Re- 
searches on the gaseous exchanges of assimilation 
would probably confirm this assertion. Thus, 
according to these observations, in addition to the 
value of sulphur as an aliment in form of sul- 
phuric acid and catalytic agent in assimilation of 
soil nitrogen, we may add the influence, also 
essential, exerted on fixation^ and atmospheric 
carbon in consequence of its action on chlorophyll. 
Owing to this multiple action, its employment in 
agriculture deserves exhaustive study . — C ample s 
RenduSj January 3, 1921. 

Catalytic Hydration of Nitrites.— Nitrites, a.s 
is known, can be prepared by ctalysis of a mixture 
of an acid and ammoniacal gas, in contact with a 
dehydrating catalyser like thorine or alumina. 
The same reaction also occurs with ether salts in 
which the group CO loses its atom of oxygen 
which forms water with ammoniacal gas. Now 
we know that a catalyser will accelerate the speed 
pf a reaction; it also accelerates the inverse re- 
action. One might, therefore, think that nitrites 
would undergo catalytic hydration in contact with 
thorine and alumina, and be thus transformed 
into acid RCN-b2H,0 = RC 0 aH 4 -NH«. -This was 
denionstratcd in experiments made by M. A. 
Mailhe . — Industrie Ckimiquej January, 1921. 

Price of the Unit of Nitrogen in Chemical 
Manures in Spain — The hiformacwi Agricola 
gives the following observation in favour of Chile 
nitrate. The difference in the effects of various 
nitrogenous fertilisers equally rich in nitrogen are 
not comparable considering that the nitrogen in 
some, like nitrates, is better utilised by plants, 
not undergoing any transformation before being 
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assimilated, nor losses in the soil through decom- 
position and the atmosphere, whereas in fertilisers 
which contain nitrogen in ammoniacal form, or 
other more complex forms like cyan amide, the 
losses are coinsiderable, and thus with equal per- 
centages the effects of nitrates are greater than 
those of other nitrogenous manures. Conse- 
quently, the prices of nitric nitrogen is always 
greater than ammoniacal nitrogen. Nevertheless, 
existing circumstances in the markets make the 
nitric nitrogen of nitrate of soda the cheapest in 
Spain. Taking the quotations in the markets of 
Valencia and Barcelona, for all the nitrogenous 
chemical manures we have nitrate of soda, 4 
pesetas; granular cyanamide (only practical form 
of this fertiliser), 4*47 pesetas; sulphate of am- 
monia, 4*63 pesetas; nitrate of lime, 5^04 pesetas. 
To make this calculation, we took the average 
guaranteed percentages of all of these fertilisers, 
viz., IS to 16 for nitrate of soda, ig^ to 20^ cyana- 
mide, 20 to 21 sulphate of ammonia, and 12 to 13 
nitrate of lime. — Remsta Miner a ^ Januar^^ 8, igzi. 

Vanadium in Steel. — A method for analysis of’ 
vanadium in steel, by M. E. Jaboulay is as 
follows. The metal being dissolved in sulphuric 
acid, the vanadium, and eventually chromium, 
are transformed into vanadic and chromic acids 
by potassium permanganate. Chromium, if neces- 
sary, can be titrated with ferrous sulphate and 
permanganate. The vanadium is estimated by 
adding small measured quantities of ferrous sul- 
phate to the solution to a slight excess. When a 
blue colour appears, all the vanadium is in form 
of hypovanadic sulphate, and the solution con- 
tains a slight excess of ferrous sulphate, which 
must be destroyed, so as to only leave as reducing 
compound the hypovanadic sulphate, easily 
titrated with a permanganate liquor. The ferrous 
sulphate is destroyed by an excess of potassium 
bichromate. The chromic acid thus produced 
acts slowly on the greatly diluted hypovanadic 
acids, and titration can be made with perman- 
ganate before it exerts its oxidising action ; how- 
ever, titration should be promptly made after 
addition of bichromate. — Ghiie Civil j, February 
S, 1921. 

Researches on the Action of Guanol. — Guanol 
is a fertiliser obtained by methodic fermentation 
of peat bathed with vinasse from distillation of 
beet molasses, under the action of micro- 
organisms, which produce ammonification of the 
nitrogenous elements (especially betain). The 
product is then dried; it contains 3*5 per cent 
nitrogen, and 7 to 8 per cent potash. Results of 
experiments demonstrate that (i) the effects of 
guanol are very slight in pots, being about equal 
to percentage of nitrogen in the fertiliser; (2) In 
the case of potatoes, in a clay soil, 6 parts 
guanol gave an increase of 28-7 in the crop; (3) 
There was no favourable effect with beet in heavy 
clay soil. Thus the action of guanol is not clearly 
specified, and new researches are necessary. — 
Chimie et Industrie. 

Chemical Mechanism of the Assimilation of 
Carbonic Gas by Green Plants — The existence 
of hydroxylamine in leaves is made certain by 
transformation of the ammonia rinto oxygenated 
compounds of nitrogen and visa v^rsd. 'These 
transformations comprise numerbus intern:i|diary 


compounds. Hydroxylamine must figure in this 
double series because the phenomena of oxidation 
and reduction realised by the living cell occur 
gradually, and only regard a single atom of cnty- 
gen in each stage. The experimenter,' M. Ij^Caze, 
has not succeeded in bringing hydroxylamine' .into 
evidence in nitrifying or denitrifying mediums. 
This does not mean, however, that this will not be 
done by aid of a suitable^ do vif^e. It is probable 
that hydroxlamine combines \yith the aldehydes 
and cetones to give oximes^ and' it is bv virtue of 
this property that it acts as examination of facts 
shows. The existence of hydro-xlamine is also 
shown by the constant presence of .free nitrous acid 
and that, rather frequent, of hydrocyanic acid, 
two derivatives of oximes. — Coy^i'ptes Rendus, 
January 17, 1921. 
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improved process and apparatus obtaining sulphuria acid. 
Sulphuric dioxide is buhibled throu^ nitrous vitribl near the 
surface, the depth of seal not exceeding ?4tn. The apparatus shown 
comprises a^tank a divi4ed into confpartments by partitions h 
supported on columns c and having serrated lower edges as shown 
in Figure^ Sulphur dioxide is passed in at one end at s, bubbles 
through the liquid under the serrated lodges and escapes at the other 
end at /. Stirrers may be provided below the level of the partitions 
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SRIVASTRA'S HYPOTHESIS :* 

A CRITICISM AND AN APPRECIATION. 

By H. T. F. RHODES. 

Some difficulties of .the electronic conception of 
the constitution of matter have been, from the 
beginning^ evident; and it would seem that they 
do not tend to decrease. This does not mean 
of course, that the theory is untenable, but there 
seems to be a growing tendency to exaggerate its 
claims to unqualified acceptance. 

At least Snvastra has shown that the electronic 
theory of matter is not without an alternative ; and 
this alternative, whatever difficulties it may pre- 
sent, certainly breaks new ground. 

It is supposed that aether is atomic and not 
continuous* and the difficulty, therefore, becomes 
an ultimate question ; since it ijttist be allowed 
that if this could be established, the cause of all 
phenomena, whether of matter or of force, must 
be sought in aether — the -cause of causes; so that 
it appears that there is not one hypothesis, chemi- 
cal nhysid^l.^Uhat will rAnain unaffected. 

of physics, this statement will 
^in ' particular apply; since without the 
original conception of aether — that of a continuous 
medium — part of the modern superstructure of 
physical science tumbles incontinently to the 
ground. It is because of this that definition must 
ultimately be applied in other directions that that 
of the structure of atoms; for, until now, matter 
^ has hhpn matter, and aether has been aether ; and 
the as^rtion that aether is matter will, without 
‘ careful definition, lead to that very confusion 
which the new hypothesis has been designed to 
avoid. Further criticism is undesirable, for it is 
partial to criticise in general terms a theory which 
has a particular application, and which may, when 
fully developed, be found applicable to all cases 
that may fall within its scope. 

It is supposed that “matter is aether condensed” ; 
and that “electricity is aether in motion.” This is 
excellent, for it maintains that matter and force, 
despite their common origin, differ; and a funda- 
mental distinction is therefore recognised that it 
seems desirable, at present, to preserve, It can- 
not be denied that “the aggregate of fixed' elec- 
trons” of the electronic hypothesis is unconvincing, 
and it introduces an element that borders upon 
the inconceivable. 

Snvastra claims that the particles of aether in 
motion constitute the negative electrons, but he 
denies the existence of the positive electrons. Even 
a superficial knowledge of tl:^ electronic theory 
of matter suffices to make some of its diffictiltie? 
manifest; but the extracts from Prof. Berthuiad^^ 
paper seem to make the case fft the positive elec*^ 
tron very weak indeed, since it is maintained, that 
“an electron appears as a corpuscle of electridity, 
devoid of any basis of in the ordmaty 

sense of the word it is af the,lal4d time 

the elementary particle' el . n^ative 
and an elementary particle of ihlatter,^ SoMtlsulc 

■-*^1 


pnclusion as this is certainly inevitable, but it 
involves a verbal contradiction, at least; and one 
so preposterous as to make the statement mani- 
festly absurd. 

It has been claimed for the theory of electrons 
that it has but amplified Franklin’s hypothesis, 
but it must not be forgotten that the latter pre- 
serves a more definite distinction between the two 
kinds of electricty; or rather there is but one 
“positive fluid” and the “matter”. The positive 
together *with some negative electrons have been 
defined as matter, and in case of hydrogen, it 
would seem that one j^sitive electron constitutes 
the nucleus; the resulting confusion is inevitable. 

Srivastra seems to agree more nearly with 
Franklin; but the latter’s positive “fluid” has be- 
come the negative electron; a necessary inversion 
which agrees with the electronic hypothesis. 
There seems to he some verbal confusion, how- 
ever, in the manner that^dn the first place it is 
said that : “Electricity is aether in motion” ; and 
later that “Negative electricity is produced by the 
motion of indefinitely small aether particles.” 
This is open to more iryterpretatio-ns than one; 
and it might be construed^/fo mean the very oppo- 
site of that which Srivastra desires to maintain. 
But that aethereal particles in motion are particles 
of electricity, negative electrons, is doubtless 
meant. 

The assumption that the condensed nucleus, by 
rotation about its own axis in one direction, 
generates positive electricty, and that the negative 
particles are in motion around the nucleus, but 
in the opposite direction, is convincing and satis- 
factory. 

The real difficulty of the new theory lies in the 
fact that it may be difficult to restrain; in fine, 
aether has been made an element, and therefore, 
will not subordinate itself to its original function; 
while on the other hand, since its atomic weight 
is supposed to be zero, it will not subordinate 
itself to the laws of the other elements; and for 
such an element as this, insubordinate seems 
scarcely too strong a term. These difficulties are 
not necessarily insurmountable, but a more ex- 
tensive survey is required; and it is hoped that 
before long, this matter will be again before us, 
for the question is intetesfing, and deserves, there- 
fore, a detailed discussion. 


. : NOTfes ON 

THE ELECTROLYTIC REDUCTION OF 
GLUCOSE.* 

^y AtEXANDER FINDLAYtand VERNON HARCOURT 
miX*}AUS, 


The possibility o^ redoing glucose electrolyti- 
^cally has attracted some-'^tenition in recent years 
but the results, obtained sre somewhat conflictiiig, 
‘ Tbps , OfBttep . C!-unti . ||Z>.R, P, * 14^318 ( igoo)! 
.Stlat^ithaf'gludose dissolved in sulphuric acid oj 
1-3? Cent conoentr^iq^^ can be reduced electro 


lyrically using 

. ^ aM; 


apM^ Wectrodes and a dll wit! 
3 density at ^ the 'catixodjs 

^ ^q^are decimetre. A 
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W. L6b (Biocheni. Zeitschr,^ 1909, xvii., 132; 
xxi., 102; Zeitschr, Elehtrochem.j 1910, xvL, i) 
on the other hand, failed to obtain this satisfac- 
tory result, and was led to cf>nclude that both 
the anodic and cathodic electrolysis of glucose 
leads to an equilibrium betw'een glucose, a 
pentose, formaldehyde, and lower carbohydrates, 
the cathodic reduction causing the equilibrium 
to shift in favour of the production of the lower 
compounds. 

As the reduction of glucose to the corresponding 
hexahydric alcohol is in itself a process of im- 
portance, it seemed worth while to investigate 
the electrolytic process more fully, and, more es- 
pecially, to study the eifeot on the reduction of 
variation of the temperature, current density, and 
current concentration. Although, as the result of 
our investigation, negative results, as regards the 
production of hexahydric alcohol, have been 
obtained, we desire to communicate some notes 
on our work which may prove of value in con- 
nection with this problem. 

The method ancl apparatus employed were essen- 
tially those used by Tafel [Zeitschr. Physikal. 
Chem.^ 1900, xxxiv,, in his studies on elec- 
trolytic reduction. A closed cell was employed 
as cathode chamber, and the volume of hydrogen 
evolved during electrcjlysis was compared with 
that evolved from a hydrogen voltameter placed 
in series with the electrolytic cell. The difference 
in the volume of hydrogen evolved in the two cells 
represents the amount of hydrogen used up in the 
reduction. 

The glucose used was “extra pure” glucose 
supplied by British Drug Houses, Ltd. Examined 
polarimetrically it gave a rotation corresponding 
with a purity of 99*87 per cent. ^ 

In most of the experiments lead electrodes were 
employed, and as Tafel has shown that the pre- 
sence of metal impurities has a very unfavourable 
influence on the cathodic reduction, care was 
taken to ensure the purity of the lead electrodes 
employed. The purity of the lead was tested by 
analysis of the surface layers and the results of 
analysis were also confirmed by a repetition of 
TafePs experiments on the reduction o-f caffein. 
This control served also to show that our method 
of working was satisfactory. 

In the first series of experiments, carried out 
at the ordinary temperature, 14® to 17°, the cur- 
rent density employed was o’i6 amp. per 100 
square cm., and the solution contained i, 3, and 
10 per cent, of glucose in 3 per cent, sulphuric 
acid. In all cases the rate of absorption of hydro- 
gen fell off rapidly, practically to zero, and the 
total amount absorbed corresponded with no more 
than about a 2 per cent, reduction of glucose (see 
Tabk L). ^ In the following table, t is the total 
time in minutes from the commencement of the 
experiment; T, the time in minutes from the 
commencement of the experiment to the middle 
of each period during which successive readings 
of the burette were made ; Cj the volume in cc. of 
gas evolved in the electrolytic cell ; the volume 
m cc. of gas evolved in the voltameter; E, the 
rate of evolution of gas, in the electrolytic cell in 
cc. per minute; V, the rate of evolution of gas 
m the voltameter ; R, the of absorption of gas 
m cc, per minute. 
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Table I. 

Cathode liquid : i per cent, solution of glucose in 
3 per cent sulphuric acid. Current density : o- 16 
amperes per 100 square cm. 


t. 

T. 

e. 

V. 

K. 

V, 

R. 

0 

2 

0 

0 

0-125 

0-300 

0-175 

4 

6 

0*5 

1’2 

0*187 

0*262 

0075 

8 

10 

I 25 

2*25 

0-212 

0*312 

o-xoo 

12 

14 

2*1 

3‘5 

0-250 

0*300 

0-50 

16 

18 

3 'i 

4 7 

0*262 

0*287 

0*025 

20 

22 

4 ‘I 5 

5*85 

0-250 

0 287 

0037 

24 

26 

5*15 

7*0 

0 262 

0*300 

0 038 

28 

33 

6*2 

8*2 

0*270 

0*285 

0-015 

38 

45 

8-9 

11-05 

0*271 

0*285 

0-014 

52 

57 

12*7 

15 05 

0-280 

0*285 

0005 

62 

67 

15*5 

17*9 

0*275 

0*290 

0*015 

72 


18*25 

20*8 





The total volume of hydrogen absorbed in the 
above experiment over the period of 72 minutes 
was only 1*42 cc. at N.T.P. 

Similar results were obtained on commencing 
the electrolysis with a peroxidised lead cathode, 
and also when the sulphuric acid was replaced by 
sodium bisulphate as electrolyte. 

Influence of Temferature. — ^On carrying out the 
electrolysis at a temperature of about 44°, no 
better results were obtained. The influence of 
temperature was found to be practically inappre- 
ciable; if anything, the hydrogen absorption was 
diminished. 

Grafhite Electrodes . — On using electrodes of 
gas carbon or of Acheson graphite the results were 
similar to those obtained with a lead electrode. 

Current Density and Current Concentration , — 
In general, reduction of the cathode cuirent den- 
sity is accompanied by a slight increase in the 
efficiency of electrolytic reduction, but although 
we carried out an experiment with a current 
density somewhat lower than that previously em- 
ployed (o’io2 instead of o*i6 amp./sq, dcm.), no 
appreciable improvement was observed. It has, 
however, been shown by Tafel [loc, cit,), that cur- 
rent concentration (current per unit volume of 
solution), has a greater influence than current 
density. Experiments were therefore carried out 
in which the current concentration was varied be- 
tween the limits of 0-04 and 0*444 amps per 100 
cc. The results obtained showed that with in- 
crease of current concentration, the absorption of 
hydrogen also increases but, as m previous experi- 
ments, falls off rapidly with time. 

During the progress of these experiments it was 
observed that the cathode solution, after electroly- 
sis, possessed a sharp aldehydic odour, and the 
cathode was found to be coated with a film of 
slimy appearance. This film was soluble in 
alcohol. As it was thought that the production 
of this film might be the cause of the rapid falling 
off of the volume of hydrogen absorbed by the dc- 
polariser, experiments were carried out in which 
the same solution was subjected to repeated elec 
trolysis, the cathode, after each run, being treated 
with boiling alcohol to remove the film produced. 
After each treatnient of the cathode it was found 
I that a further absorption of hydrogen took place, 
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but that this absorption again rapidly fell oif to 
zero. Using a current concentration of 0*444 amps, 
per 100 cc., and a cathode solution of 20 per cent 
glucose in 5 per cent sulphuric acid^ the following 
successive absorptions of hydrogen were realised : 
28 *Sj 8*1, 32*2, 52*8, 30*2, 24*1, and 23*5 cc. The 
total absorption amounted therefore to 199*4 cc., 
or 40*1 per cent of the theoretical amount. 
During these experiments, which extended over 
several hours, a considerable loss of glucose took 
place by diffusion from the cathode cell. In the 
most favourable case, where the highest current 
was employed, the loss amounted to nearly 30 per 
cent; where lower currents were employed and 
the duration of the electrolysis was therefore 
greater, the loss by diffusion was of course also 
greater. Attempts to diminish diffusion by use of 
a membrane of copper ferrocyanide deposited in 
the wall of the porous cathode cell, were not 
successful. 

Since the foregoing experiments seemed to indi- 
cate that a considerable proportion of the glucose 
had been reduced, an attempt was made to isolate 
the supposed product of reduction, the hexa- 
hydrate alcohol. The solution was neutralised 
with chalk to remove sulphuric acid, and was then 
evaporated on the water bath. The syrupy liquid 
was dissolved in concentrated hydrochloric acid, 
and the acid solution shaken with benzaldehyde 
and allowed to stand for several days. By this 
meansj mannitol or sorbitol, if present, can be 
pflrecipitated as a condensation product with benz- 
aldehyde (Meunier, Comfi. Rend.^ 1888, cvii., 
910). No such compound, how'ever, was obtained, 
and we are therefore driven to conclude that no 
appreciable amount of hexahydric alcohol was 
produced in our electrolytic experiments. 

On examining the alcoholic washings from the 
cathode, a lead salt was isolated which, on analy- 
sis, was found to be lead formate. Formic acid 
was also found in the cathode solution after elec- 
trolysis. The production of this acid in the elec- 
trolytic reduction of glucose is mentioned by Lob 
{Zeitschr. Elektrochem.j 1910, xvL, i), who states 
that glucose decomposes into formic acid and a 
pentose. The presence of pentose in the solution 
we detected by the furfuraldehyde test. 

Further evidence of the production of formic 
acid was obtained from an analysis of the gas 
evolved at the cathode during electrolysis. This 
gas was found to be not pure hydrogen but to con- 
tain about 4 per cent of carbon monoxide, pro- 
duced, presumably, by a decomposition of formic 
acid. The percentage of carbon monoxide varied 
somewhat during electrolysis, being greater during 
the earlier than during the later stages of the 
electrolysis. Although the destructive reduction 
of glucose with production of formic acid and a 
pentose does not appear to take place to a very 
large extent, the formation of these compounds 
may play an important part in the process of 
electrolytic reduction if, as sepms probable, it is 
the formic acid which leads to the formation of 
the film on the cathode with consequent diminu- 
tion or prevention of further reduction. 

As a result of our experiments, which are in 
harmony with the results obtained by Lob, we are 
forced to conclude that, contrary to the claims of 
O'Brien Gunn, no hexahydric alcohol is produced 
in the electrolytic reduction glucose. \ 


OVERGROWTHS ON DIAMOND.* 

By J. R. SUTTON. 

The Affinity between Dia7nond and Carbonate 
of Lime. 

“Formerly the diamonds were picked out from 
the concentrates by means of the keen eyes of 
skilled natives, but the process has been vastly 
simplified ... by the remarkable discovery made 
in 1897 hy F. Kirsten of the De Beers Company, 
that of all the heavy constituents of the blue 
ground, diamond alone, with the exception of an 
occasional corundum and zircon, which are easily 
sorted out afterwards, adheres to grease more 
readily than to water. In this ingenious machine 
. . . the concentrates are washed over a series of 
galvanised-iron trays, which are covered with a 
thick coat of grease. The trays are slightly in- 
clined downwards, and are kept by machinery in 
constant sideways motion backwards and for- 
wards. So accurate is the working of this device 
that few diamonds succeed in getting beyond the 
first tray, and none progress as far as the third,” 

This account, which contains nearly all that is 
necessary by way of preface, is extracted from 
G. Herbert Smith's charming “Gem Stones,” 1912, 
p. 148. Evidently the secret of the process, as 
Lawn has said, is surface tension Common 
minerals can easily be wetted, whereas diamond 
cannot be; and because of the wetting the grease 
cannot touch the mineral surface, whereas it can 
touch the dry diamond. 

According to G. F. Williams “only about one- 
third of I per cent of diamonds is lost by the first 
table, and these are recovered almost to a stone 
when the concentrates are passed over the second 
table” (“The Diamond Mines of South Africa,” 
1902, p. 380). 

J. Stewart reports further that for the six 
months July to December, 1909, out of 1,211,552 
carats of diamonds recovered at the De Beers 
Company's pulsator, all but 1,249 carats were 
caught on the first tables — an efficiency of 99*9 
per cent. 

But it is a curious fact that while diamonds 
of all kinds, including bort, from the blue 
ground adhere readily to the grease tables, those 
from the surface yellow ground are much less 
easily caught. Some years ago a parcel of dia- 
monds from the Wesselton Mine yellow ground 
was handed to me fot examination. Some con- 
centrates from the yellow ground had been passed 
over the grease tables with the following result : — 

Carats Per 
caught, cent* 

First table 241 50*52 

Second table 90 18*87 

Third table, and final dry sorting of 

rejected concentrates 146 30*61 


477 100*00 


That is to say, instead of a loss of between one- 
te^nth and one-third per cent (the values quoted 
above), only about half of the diamonds were 
caught on the first t^le — a result scarcely hettef 
than ^ an electrostatic^ ^ separator would , , 

Clearly it was„ lucky that* the grease t?d>les 

" ' ^ 1 — ^ T ' -f ' ^ , 
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not thought of in the early days of Kimberley, 
when nothing but yelow ground was being worked 
for, had they been tried then, that excellent in- 
vention would probably have passed stillborn into 
oblivion. 

In the matter of the anomalous behaviour of the 
yellow-ground diamonds the problem to be solved 
was unique, inasmuch as there was no outside 
analogy for a guide. To begin with, there was 
nothing to show whether the surface of yellow- 
ground diamond was essentially different from 
that of blue-ground diamond, or whether the 
anomaly arose from some disturbing factor in the 
matrix. As to the former alternative, there was 
a prevalent belief that the surfaces of diamonds 
found in the early days of Kimberley were on the 
whole more brilliant than those obtained later, 
ip the deep workings. As to the latter alternative, 
it appears that the soapy-feeling substance lining 
the blue-ground matrix of diamond has not quite 
the same constitution as adjacent blue-ground has. 
This point will be referred to again. 

The first step in the attempt to solve the prob- 
lem was made by screening the diamonds caught , 
on the three different tables into series of sizes. | 
From the results it was ascertained that, generally 
speaking, the larger diamonds tended to adhere 
to the grease on the first table better than the- 
smaller ones did, those caught on the third table 
not often exceeding a quarter of a carat each. 
There was, moreover, a marked difference in the 
behaviour of the smaller diamonds with respect to 
the tables, for while those caught on the third 
table, or dry sorted afterwards, were largely of 
good shape with no specially great proportion of 
cleavages and splinters, those caught on the first 
table were mostly irregular or broken pieces. 
Hence it seems that a still larger quantity would 
have been lost by the first table if the normally 
great percentage of Wesselton cleavage were less. 
Two possibilities were thus suggested : — 

(i) The larger diamonds stick better than the 
smaller ones do because’ their weights being great 
relatively to their surfaces they travel more slowly 
in a given current of water, and so can sink 
mechanically more heavily into the grease. Here 
it may be noted that pieces of iron and heavy 
minerals sink into the grease not because of any 
attribute of surface tension, but because the cur- 
rent of water fiowing over the tables is insuffi- 
cient to overcome gravitation, 

{2) Apart from that, some peculiarity of surface 
seemed involved whereby fractured faces were 
.more adhesive than natural faces. On the other 
hattd the sharp edges of the fractured faces can 
plimge mechanically into the grease with more 
facility than natural edges can. 

Under magnification, however, no characteristic 
difference could be detected either between the sur- 
faces of the diamonds taken from the different 
tables, or between the surfaces of the non-adhesive 
yellow-ground diamonds and the surfaces of 
ordinary adhesive blue-ground diamonds. Some 
specific gravity tests, also, reveal no differences 
worth mention. 

Since only a few diamonds from the blue 
ground are normally lost by the first grease tables, 
it remained ^ examine typical specimens of blue 
and of yellow ground^ in order to determine 
whether any accountable peculiarities exist in" the 
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respective matri(‘es wh'icli might be communicated 
to a diamond surface. Competent geologists aic 
pretty unanimous that the yellow ground, which 
may go down even to 70ft., is simply blue ground 
in a w^eathered condition, and contains the same 
minerals in due proportion” (W. H. Penning, 
“Gold and Diamonds,” tqoi, p. 4). But unanimity 
in the case of the diamond is never evidence, and, 
for the most part, judging by the strong family 
likeness of the various accounts, each high expert 
quotes without question from some higher expert. 
At any late, some samples ot blue ground, yellow 
ground, and so-called “limestone” from the 
original overburden, were obtained for testing pur- 
poses fiom the Wesselton mining area. So far 
as could be seen the samples of yellow ground 
were typical and clean. The blue ground had 
other matter mixed up with it, which had probably 
been scraped up from the depositing fioors by the 
shovel. It could only be guessed whethet the 
“limestone” was an average sample of its kind, 
It Avas a spongy-looking stuff of rather low specific 
gravity ( Paltered blue ground, or dolomitic), and 
to casual inspection carried particles 0*1 yellow 
ground. Portions of each of the three kinds of 
ground were crushed^ gently dried, weighed, 
treated with dilute acid, evaporated to dryness, 
and again weighed, with the following result : — 



Weight 

Weight 

Loss 


before 

after 

Per 


treatment. 

treatment. 

cent. 

Blue 

lO’OOO 

O'-szs 

Tl\ 

Yellow ... . 

.. 10*000 

8-650 

13*50 

“Limestone” 

.. 10*000 

9-075 , 

0*25 


In the acid the blue ground effervesced stiongly, 
the ydllow ground violently, the limestone scarcely 
at all. A sample of hard bide hop, De Beers 
Mine, tested at the same time, gave scarcely any 
effervescence, while some lumm of hard and soft 
limestone from Kenilworth effervesced violently, 
leaving no great proportion of insoluble residue, 
so that the effervescence of the blue ground may 
have arisen, at any rate in part, from an admix- 
ture of a foreign carbonate. Moreover, the sub- 
stance (alluded to above) lining the matrices of 
sundry blue-ground diamonds effervesced very 
little. 

These rough tests seemed to supply a clue worth 
following towards a solution of the problem. 
There is more carbonate of lime in yellow ground 
than there is in blue ground, and the question is ; 
Will it, when it is plentiful enough, spread itself 
on a diamond surface in a crust capable of being 
wetted? Numerous experiments were accordingly 
made in the hope that premised feasible natural 
processes might to some extent be imitated in 
-forming such a crust. Pastes were made of the 
blue ground, the yellow ground and the lime- 
stone, with hot and with cold water, in which 
small diamonds that had adhered normally to the 
first grease table ^ were enclosed for some days. 
Sometimes these pastes were kept wet thtoughout. 
sometimes they were dried in gentle heat, and 
sometimes left to dry of themselves. Finally the 
enclosed diamonds were taken out and run over 
the grease tables at the pulsator. The results 
were only so far encouraging that neither the dia- 
monds from the yellow paste nor those from the 
limestone paste ^howed any particularly marked 
inclination to stick to the grease. But on the 
other hand, curiously enough, neither did the dia- 
monds from the Blue paste. Thus although all 
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were originally normal first table captures, the act 
of putting* them into the different pastes had for 
the most part destroyed their adhesive property 

Of course, only a soft and easily removable 
crust, at the best, can be deposited on diamonds 
bv enclosing them for short periods in pastes of 
this kind. One effort was made to deposit a 
harder crust on four first table diamonds of about 
six carats each by placing them ih four separate 
vessels -with some blue, yellow, and lime ground 
respectively, well stirred with plenty of water, and 
leaving the water to evaporate slowly. This is a 
lengthy process, and was only partially successful. 
Scarcely any blue ground appeared to have 
attached itself to the diamond surface, though the 
lime and yellow were deposited in patches with 
some freedom. Upon roughly testing these dia^ 
monds for surface tension in water, it was found 
that those from the hm-e and yellow grounds gave 
much higher values per unit area of surface than 
those from the blue ground did, albeit a single 
test of this kind cannot be regarded as of much 
consequence. These same diamonds were after- 
wards passed over the grease tables : three 
adhered^ and one, which had a fair coating of 
lime, roiled away. 

The experiments were repeated with three good 
samples of virgin blue, yellow, and real limestone 
crust, obtained from the Kamfersdam Mine. In 
acid the blue gave no effervescence to speak of, 
whik ^How effervesced strongly, losing 20 
of its weight, and the lime crust violently, 
le^ng fully 60 per ceht. Pastes were now made 
as before of the virgin blue and of the lime crust 
in equal quantities, and ten first table diamonds, 
weighing on an average about a carat a~piece, were 
placed in each paste. The two lots of diamonds 
were chosen so as to be nearly alike as possible. 
After the pastes had become quite dry they were 
broken, the diamonds were carefully extracted, 
^^aked in water, and passed over the grease tables. 
l>ery diamond from the limestone paste rolled 
off as fast as the water could carry it; whereas 
nearly all the diamonds from the blue were 
caught. 

Lastly, some third table and dry sorted dia- 
monds, 2 e.j diamonds which originally were not 
easily caught, or even not caught at all, by the 
grease, adhered quite well after having been 
cleaned in acid. 

(To be coiltinue 4 .) 
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The following papers were read : ' 

Electrq-^crystalline Proferiics as conditioned, 
FRS By Sir Joseph Larmor, 

The vieWy confirmed on grd^ds of ultra-optical 
analysis by Bragg, ,tbat tha' crystal Jaltice is' 
usually corniced of atc^s, A ‘ 

chemical molecules, is ' 


their ionic charges. Compensating surface 
charges on certain types of faces of a crystal are 
required; and inference is drawn with regard to 
the texture of crystal faces. The alternative view 
that a bipolai molecule is the crystal-unit would 
seem to encounter difficulties also as regards pyro- 
electric effects. Dielectric excitation can be repre- 
sented as relative displacement of the positive and 
negative component lattices, under the influence 
of an electric field. If the compound lattice has 
spiral features, so that the relative shifts of its 
various components with positive and negative 
charges are of screw type, chiral optical quality 
will be involved; a coarse numerical estimate m- 
dicates that in quartz and active liquids the twist- 
ing relative displacement of the ionic configura- 
tions is comparable in amount with their relative 
elongation, as would be natural in the spiral 
lattice. The chiral quality may reside wholly in 
the crystalline structure, disappearing on fusion 
or solution; or else the process of dielectric dis- 
placements of the positive and negative groups of 
ions in the crystal-unit may be also itself chiral. In 
either case induced static polarity could not be 
chiral as regards waves so long as those of light; 
but this process of screw displacement is operative 
kinetically in the optical rotation, by involving 
a magnetic moment of changing ionic twist in- 
duced by the alternating electric field of the radia- 
tion. The octo-polar pyroelectric quality^ in the 
faces of crystals of cubic type, explored originally 
by Haiiy, need not now have to be referred to 
strains arising from irregular cooling, but a face 
containing both types of ions equally should now 
acquire no true pyro-electric charge. Double re- 
fraction induced by strain must be ascribed to 
bending of ionic lattice structures, as molecules 
could hardly bend, or in glass to fragments of 
such structure. 

M Generalisation of WeyVs Theory of the 
Electro^M agnetic and Gravitational Fields, By 
Prof. A. S. Eddington, F.R.S. 

From the notion of "parallel displacement” used 
by W'eyl in his theory; it is shown that a tensor 
exists giving a measure of the world- 
structure at each point The contracted tensor 
formed by setting breaks up into two 
parts, (i) a symmetrical part which is the gravi- 
tational potential g of Einstein’s theory, and (2) 
an antisymmetric al pan ^ {proved to be the 
curl of a vector) wbidi is identified with the 
electro-magnetic force. The theory explains how, 
notwithstanding the non-integrability of length in 
WeyPs geometry, there is, nevetheless, a natural 
gauge; and Einstein’s interval is an absolute in- 
variant independent of gauge, an<L directly com- 
parable with other intervals at a distance, as he 
assumed it to be. Tlie law of gravitation for 
empty space in the form finally adopted by Ein- 
stein, vfig., follows at once on tMs 

theory. All the other recognised field-laws are 
foujid , by 1 identifying, lie physical measwes with 
geometrical tdnsors^ r^hich satisfy these laws ideur . 
None of the^ 4 mpose any constraint on ' 
thp possible' variedd^ ; of worldrStr^cture ; and 
thfere.is.hb reason tojklfroduoe a physical principle 
bT^ta6onary,actxp|^,!!^f least so long as we.doihbt 

f elmcttire.; ^ 

I j k« ^ 


150 


froceedingi of Societies 


AiJbTra 

April X, 1921 


terms of Einstein’s gravitational tensors and a ten- 
sor K^vjo which represents electric and electronic 
forces. Weyl’s theory corresponds to the par- 
ticular case when is of the form g>utjo. 

Spectrophotometry in the Visible and Ultra- 
violet Spectrum.^'* By Prof. T. R. Merton, 
F.R.S. 

The application of the neutral wedge to spectro- 
photometric measurements is at present limited to 
the visible spectrum and the less refrangible parts 
of the ultra-violet spectrum. A description is 
given of a method by which this limitation is re- 
moved, The method involves the ^‘crossing” of 
the prismatic spectrum with a diifraction spec- 
trum, the relative intensities of the diifereiit 
orders in the diffraction spectrum having been ex- 
perimentally determined. The method of pre- 
paring and calibrating gratings for this purpose 
is described. The method is applicable to the 
determination of the relative intensities of lines in 
discontinuous spectra, but is specially adapted to 
the study of continuous spectra, absorption spec- 
tra, and the study of broadened lines. It is sug- 
gested that the method may have a special appli- 
cation in celestial spectroscopy. 

Researches upon Brown Coals and Lignites. 
Part L — Heat Treatment at Temperatures below 
400® C. a Possible Method for Enhancing their 
Fuel Values?^ By PROF. W. A. Bone, F.R.S. 

A classification of lignites is made according to 
their external appearance : — 

(a) Woody or fibrous brown coals. 

(b) Amorphous or earthy brovm coals. 

(c) Common or brown lignites. 

(d) Black lignites. 

Lignites have a moisture content varying be- 
tween 10 and 50 per cent; on air-drying they 
usually disintegrate or ci'umble to powder. They 
are devoid of any cooking properties, and in the 
“dry ashless” state usually contain less than 70 
per cent, of carbon and more than 20 per cent of 
oxygen. 

Experiments were conducted on the various 
types of lignites — from Australia (Victoria), 
Burma, Canada (Saskatchewan), and Italy (Tus- 
cany and Umbria). The method was to heat in a 
special form of apparatus that allowed accurate 
measurement of temperature and amounts of 
liquid and gaseous products. 

On heating the lignite chemical change takes 
place, beginning at a low temperature of about 
130® C., and progressing to a temperature at 
which no condensable hydrocarbons were elimin- 
ated from the fuel, termed the ‘‘practicable up- 
grading limit.” During this period of heating, 
steam and carbon dioxide, with a small amount of 
carbonic oxide and a negligible amount of hydro- 
carbons, were eliminated. The gaseous products 
after condensation of the steam usually consisted 
of about 95 per cent of the two oxides of carbon. 

This treatment showed a loss of between 8 and 
15 per cent of its original weight at the expense of 
the oxygen content, which was diminished by be- 
tween one-quarter and one-third of its original 
value. Practically the whole of the potential 
ener^ of the lignite is concentrated in the residue 
obtained by this “up-grading” treatment; hence it 
has greater calorific intensity than the original. 


Superior Limit to the Age of the EartfCs 
Crust:^ By Prof. H. N. Russell. 

The method of determining the age of a mineral 
from the ratio of lead to uranium in its com- 
position may be extended to the earth’s crust as a 
whole. On the usual assumption, and accepting 
a radium content of 2*5x10— (Joly), correspond- 
ing to a uranium content of 7X10—®, and a con- 
tent of lead of 22 x 10—" (F. W. Clarke), it follows 
that the age of the crust does not exceed iixio'* 
years, which is reduced to 8xio® years, if allow- 
ance IS made for thorium. 

The effects of uncertainty in the assumptions 
are considered, and it is concluded that the earth’s 
crust has probably existed as such for between 
two and eight thousand millions of years. 

^^Reversai of Asymmetry tn the Plutei of 
Echinus mtliaris.^^ By H. Ohshima. 

In the normal Echinoderm larva the hydroctyle 
and its associated structures, . which together give 
rise to the water-vascular system, develop on the 
left side of the larval body. Rarely the reversal 
of this asymmetry occurs, and of this a very few 
instances have hitherto been recorded. 

This abnormality was found in more than lo per 
cent of the artificially-reared larvae of Echinus 
miliaris. It may be a result of (i) change of 
polarity in the egg, or {2) twin-formation, or, most 
probaMy, (3) “compensatory hypertypy,” owing to 
the arrest in development and subsequent atrophy 
of the normal left hydrocade. The right anterior 
coelom is known to have the latent potentialities 
of producing a hydroctele. The potentialities can 
probably be activated by the stimulus, due to the 
arrest in development of the left hydrocoele. The 
arrest is probably associated with the obliteration 
of the pore-canal, through which the hydrocade 
has been communicating with the exterior. 

The occurrence in much lower percentage of the 
double-hydrocade larvae and those devoid of the 
hydrocmle within the same culture jars can also 
be explained in connection with the above- 
mentioned third possibility. If the left hydrocoele 
regains its communication with the exterior, either 
by the reappearance of the pore-canal or by the 
fusion of the right and left anterior coeloms, it 
will continue to develop further hajid in hand with 
the abnormally appeared right hydrocoele, so as to 
give rise to the 4 ouble-hydrocoele larva. If the 
right hvdrocoele fails to appear while the left 
hydrocoele is still deprived of its communication 
with the exterior, and thereby ultimately 
atrophies, a larva devoid of hydrocoele will result. 


THE SOCIETY OF PUBLIC ANALYSTS AND 
OTHER ANALYTICAL CHEMISTS. 

February 2, 1921, 


Annual Address of the President, 
Mr. Alfred Smetham, 


It has been customary in the past for the President 
of tho Society at the Annual General Meeting to 
bring under* survey the activities of the members 
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and the work and progress of the Society in the 
official year that sees its close at the Annual Meet- 
ing; and it thus falls to my lot to-day to review 
the proceedings of the past year. Following as 
I do in the footsteps of a long array of brilliant 
chemists and able administrators, I feel that the 
task of doing adequate justice to the subject is no 
light one, and I would that I could relegate the 
duty now imposed upon me to someone better fitted 
for the post; but since the address must in the 
main be a resmne of the work of o-thers rather than 
an exposition of one^s own views, I have greater 
confidence than I should otherwise feel in im- 
posing my remarks upon you. 

During the year ending December 31, 1920, the 
total number of members, including 11 honorary 
members, has increased from 448 to 454 New 
members elected number 26, while we have lost 
8 members by death, 8 members have resigned for 
various reasons, while three members have been 
removed for non-payment of their subscriptions. 

The names of the deceased members whom we 
mourn are : William Belverly Cowie, Walter 
William Fisher, James Wright Gatehouse, Alfred 
Howard, John Ruffie, Robert Tervet, Elwyn 
Waller (of New Jersey, U.S.A.), and Samuel 
Archibald Vasey. 

Obituary notices have appeared in the pages of 
the Analyst of Walter William Fisher and James 
Wright Gafeehoiise. 

Walter William Fisher was one of the oldest 
members of the Society of Public Analysts, and 
acted as its President in i88q and 1890. He was 
Public Analyst for the counties of Oxford, Berks, 
and Bucks, as w’ell as for the City of Oxford, 
which posts he held for nearly 40 years, and to 
within a w’eek of his death carried out actively 
the duties appertaining to the posts. We deplore 
his death, and the many members of the Society 
who 'knew him have to lament the loss of a 
staunch friend* 

James Wright Gatehouse died on October 16, 
1920, at Bath, at the age of 79. In 1877 he was 
appointed Public Analyst for the City of Bath, 
and, eleven years later, Public Analyst for Wilt- 
shire. In addition to his duties as Public Analyst, 
he carried on a private practice, and did much 
good work in various investigations. 

By the death of John Ruffle I have lost a friend 
of over 40 years' standing. Although of a gentle 
and retiring nature, he was a man of many parts, 
and did much useful work. He will be best re- 
membered, perhaps, as the originator of the Ruffie 
method for the estimation of nitrates by the com- 
bustion process. 

During the session 23 papers were read, while 
32 papers and 8 “notes” were published in the 
Analyst. 

During the year 1920, the following papers 
appeared m the pages of the Analyst : — 

“A New Method for Detecting Adulteration in 
Butter and for Estimating Fats of the Coconut 
Group.”' By George Van B. Gilmour 

“A New Process for the Estimation of Arsenic, 
with Notes on the Chemistry of the Marsh- 
Berzelius Process,” By B. S. B^ans. 

“The Estimation of Mercury,” By H. B. 
Gordon. t ^ ^ 
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“An Investigation into the Composition of tb 
Unsaturated Hydrocarbons present in Coal Gas. 
By F. S. Sinnatt and L. Slater. 

“The Estimation of the Available Oxygen ii 
vSodium Perborate and in Perborate Soap Pow^ 
ders.” By H. Trickett. 

“The Differentiation between Poor and Adulter 
ated Milk.” By T. R. Hodgson. 

“Machine for Washing Precipitates.” By Eri< 
Sinkinson. 

“The Detection of Finger-Prints on Documents. 
By C. Ainsworth Mitchell. 

“Photomicrography with Simple Apparatus.' 
By Thomas J. Ward. 

“Note on the Solubilities of Theobromine.” B} 
Raymond V. Wadsv\orth. 

“A New Method for the Estimation of Methy 
Alcohol.” By S. B. Schrvver and Cyril Christiar 
Wood. 

“Note on Opium Poisoning.” By E. H. Hankir 
and D. Chatter ji. 

“An Examination of Certain Milk Records.’ 
By G. W. Monier Williams. 

“An Improved Slide Rule fo-r Dairy Calcula 
tions.” By H. Droop Richmond. 

“The Examination of Chinese Crude Camphor.’ 
By E. R. Dovey. 

“Estimation of the Age of Ink in Writing.” B> 
C. Ainsworth Mitchell. 

“A Rapid Volumetric Method for the Estimatior 
of Iron, Applicable in the Presence of Hydro 
chloric Acid, Pho-sphorus, Oxy-acids, and Organic 
Matter.” By H. Droop Richmond and Edith M. 
Ison. 

“The Estimation of Nitroglycerin.” By H, 
Droop Richmond. 

“The Effect of Pressure upon the Polenske anc 
Reichert-Meissl Values.” By Vincent H. Kirkham. 

“The Composition of Milk in British East 
Africa.” By Vincent H. Kirkham and A. C, 
Barnes. 

“Note on the Refractive Indices of Mixtures ol 
Isopropyl Alcohol and Acetone.” By Doroth> 
Muriel Palmer. 

“The Estimation of Codeine.” By H. E. Annett 
and Haridas Sen. 

“The Influence of the Free Fatty-Acid Content 
in the Valuation of Chinese Wood Oil by the 
Browne Polymerisation Test,” By Philip E. 
Jameson. 

“Apparatus for Evolution Methods of Analysis.’ 
By E. R. Dovey. 

“An Improved Form of U-Tube.” By E. R. 
Dovey. 

“A Study of the Determination of Potassium as 
the Perchlorate, and the Separation from Sodium, 
etc.” By R. Leitch Morris. 

“Notes on Rubber Analysis,” By A. R. Pearson. 

“An Improvement in the Haldane General Aii 
Analysis Apparatus.” By Robert C. Frederick. 

“The Gravimetric Estimation of Bismuth as 
Phosphate and its Application in Ore Analysis.’ 
By W. R. Schoeiler and E. F. Waterhouse. 

“The Position of Analytical Chemistry in 
France.” By L. Cofman. 

Statutory Standard for Ghee/’ By T. K. Ghose 

In addition to the papers published, the “Notes' 
on analytical methods and other matters , have 
proved exceedingly interesting and useful, anjJ 1 
welcome this qompanatively new departure* ^ 
distinct boon'fd analysts generally. ' ' ' ^ 
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During the year thirty-two books have been 
reviewed in the page^ of the Analyst. In my 
opinion these Reviews have been wholly admir- 
able. They have been fearlessly and faithfully 
done by experts in the subjects reviewed whose 
judgment is reliable. They have brought to my 
notice some books of sterling value, and in other 
cases have saved my pockets from being depleted 
of cash and my bookshelves from being overloaded 
with trash. 

Before leaving the subject of the publications 
in the Analyst, 1 cannot refrain from mentioning 
the loss which the Society has sustained by the 
resignation of Mr. Julian L, Baker as Editor of the 
Analyst to assume the Editorship of the Journal 
of the Institute of Brewing. Mr. Baker has been 
Editor of the Analyst for 13 years, during the 
whole o-f which time the Journal has been admir- 
ably conducted, and each succeeding year, thanks 
to his assiduous attention and genius, has seen, 

I think it will be generally admitted, an improve- 
ment on the previous ones. Bowing to the in- 
evitable, we very reluctantly relinquish him, 
knowing that what is our loss is his and others' 
gain. 

Fortunately,' we have been able to secure in Mr. 
Baker's stead a new Editor, Mr. C, A. Mitchell, 
who is well-known to us by his scientific abilities, 
his literary merits, and his devotion to the Society 
and its publication. Mr. Mitchell as an author' 
has a high reputation, and he has been an 
Abstractor for the Analyst for a long time. To 
him we may look with confidence to maintain the 
high standard and traditions of our Journal* 

It was with much satisfaction that we welcomed 
back our Hon. Treasurer, Mr. E. Hinks, who has 
returned safe and sound to resume his duties. At 
the same time I ought to voice the thanks of the 
Society to Mr. E. W. Voelcker as Acting 
Treasurer during Mr. Hinks’ absence. 

^ Before leaving this part of my subject, 1 should 
like to take this opportunity of congratulating 
one of our past Presidents (Mr, A. Chaston Chap-' 
man) on his election as a Fellow of the Royal 
Society. 

We have to regret the prospective loss, by ab- 
sence abroad — we hope for a comparatively short 
^nod oply — of out old and faithful friend, Otto 
Hehner. Mr, Hehner is too well known to all 
of us to render it necessary for me to recall to 
your minds all the posts he has held and all the 
work he has done to further the interests of the 
Society and to advance the cause of analytical 
chemistry. 

Of ^e many questions which have come before 
your Council for consideration, one has been a 
motion to ascertain whether the present somewhat 
cumbrous title could not be modified in such a 
way as to include all the present members, while 
at the same time the prestige of nearly 50 years’ 
work and endeavour under the old title 
could be preserved. Legal advice has been taken, 
and I understand that there is no legal difficulty 
in altermg the name of the Society, and at the 
same time of preserving the privileges which we 
.at present enjoy. It is not an easy matter to select 
a title which will be at once descriptive, inclusive 
and euphpmc; but there should be no insuperable 
difficulty m finding a solution. 

Society of Public 
Analysts has become so widely known and res 


pected that in many ways it seems a pity to hide . 
its identit\ under a new title; but as the term 
public analyst is limited b> Act of Parliament to ’ 
those analysts appointed undci the Food and 
Drugs Act — and cannot, therefore, be appropriated 
by practising analysts generally — there seems no 
alternative but to change the name or continue as 
at present. Doubtless some happy solution of the 
pix)blem will be evolved, but r>f the suggestions 
hitherto made none seem quite to meet my 
aesthetic taste. There is a crispness about our 
original title which seems to aircst the attention 
at once. 

The fact that the propoition of analysts other 
than public analysts has been steadily increasing 
renders the alteration in the title, if it is to bo 
descriptive of the objects of the Society, the more 
necessary, and as the number of public analysis 
is practically stationaryj while the analysts en- 
gaged in general practice and in connection with 
trade and manufactures are steadily increasing, 
and, with returning trade and prosperity, are 
bound to increase rapidly, it seems to me that if 
the alteration in title is necessary or desirable, the 
present is an opportune time to make it 

I have said that the proportion of analysts othei 
than public analysts is in the future likely to in- 
crease at a rapid rate, and I am basing the state- 
ment on a careful observation of commercial and 
manufacturing conditions for a period of over 40 
years. When I went into practice my w^ork con- 
sisted for the most pait of analyses to assist in 
the control of manufacturing processes, or tO' help 
purchasers to make a selection of produce sold 
practically on a flat rate; and very few of the 
analyses were sent under contracts, the price tQ be i 
decided by the contents of the valuable constiWnt ' 
or constituents, as the case might be. 

As the years went on and rule of thumb in 
manufactures was replaced by more scientific con- 
trol, purchasers insisted on safeguards, especially 
when buying forward, and by gradual evolution 
in nearly every branch of indiustry. Safeguards 
in contracts are inserted, and in many instances 
these safeguards take the form of restrictions 
based upon analytical control. 

Concurrently with the altered conditions in 
manufacturing methods, and the greater demand 
for more definite specifications with regard to 
quality, especially when the goods in question 
have been bought to arrive, the demand has arisen 
for increasing the safeguards against any inferior- 
ity in the produce which may be tendered in ful- 
filment of a contract. This desire on the part of 
the more progressive merchants and manufac- 
turers has brought into existence a considerable 
number of combinations of diver.se interests, who, 
forming themselves into associations representing 
their respective trades or businrsse.s, have gener- 
ally controlled the transactions, especially in the 
case of our overseas trade. Each year sees the 
framing of innumerable new contract forms, and 
the modification of old ones, and with the increase 
in the stringency of the demands on the part of 
buyers there has been necessarily an increase in 
the volumes of work falling to the lo«t of analysts 
in general. And if I read the signs of the time 
aright it seems to me that the tide having begun 
to flow in this direction it will continue to do so 
until ^ a high-water mark has been reached and 
practically the uffiole of our commerce brought 
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under scientific control. The employment of men 
of exceptional talent by companies and associa- 
tions for the pursuit of pure research, in contra- 
distinction to the control of manufacturing pro- 
cesses or business transactions, is evidence suffi- 
cient to indicate that our leaders of commerce and 
industry are rapidly realising, thanks partly to 
work done by chemists and other scientists during 
the war, that research work is not only a necessary 
adjunct to a successful business enterprise, but it 
is at the same time a highly profitable investment. 

And I am glad to see this tendency on the part 
of leading business men to call to their assistance 
the best brains of our profession, because it must 
inevitably have a leavening effect on the general 
mass of business men who, in the past, have re- 
garded chemists, not as a necessary controlling 
influence in the factory or in business, but as an 
unavoidable adjunct to the business side of their 
concerns. 

The admirable work done during the war by so 
many members of our profession, both at home 
and abroad, and the important part played by the 
investigations and work of our chemists in finally 
winning the war, has brought home to the nation 
at large the immense importance and possibilities 
of chemistry, not only in fostering the interests 
of our own industries, but in advancing the cause 
of civilisation the world over. That the ever- 
increasing developmehtS' of chemistry should have 
been ‘so directed as to have caused such world- 
greatly to be deplored, and it is to 
* noped that the effects produced and the lessons 
learned will have throughout the ages the effect 
of teaching future generations the foily df divert- 
ing our beloved science from the arts of peace to 
those of war. 

But to revert to my theme. The formation of 
the numerous bodies and associations, which I 
have referred to, has increased the volume of 
’ahaiytical work largely, and to that extent it is 
i gobd thing for the profession generally, but as 
the effect, so far as^ the commercial side of our 
work is concerned, is to increase the number of 
analyses of a similar nature there is a tendency 
to render a good deal of our work tedious and to 
some extent monotonous. In the nature oft things 
such a result is almost inevitable, as with greater 
proficiency and greater experience in any par- 
ticular direction the confidence of one's clients in 
one’s work is sure to grow and, snowball-like, the 
volume of work is sure to increase, and thus the 
routine of the laboratory is too apt to assume the 
functions of something approaching a factory 
rather than the purely investigational work which 
we usually associate with a scientific laboratory. 

In this respect, however, we are not far removed 
from the specialists in medicine or surgery who, 
after along preliminary training, find themselves 
in the hey-day of their prosperity dealing with 
special cases day in and day out. 

There is, of course, in addition to the purely 
routine side of a practice, a considerable amount 
of work of a highly technics^| and exceedingly 
interesting nature which breaks the monotony of 
hfe and gives a zest to one's diily occupations. 

The point which 1 am aiming to make xlear is 
that, although the tendency pf fte age fe to ,niake 
specialists of us all, care, ihtist m t&m ta|mmd 
that specialisation upop;^ sci^^sntifc ■ 

and to avoid drifting into 


trolling a limited section of trade or industry. 

<p to the present the policy of the trade associa- 
tions has been almost universally to entrust the 
analytical work to trained chemists who have won 
the confidence of the public; and I think it will 
be a bad day for the trades concerned and for our 
profession if, as has been proposed in some cases 
and adopted in others, analysts are appointed at 
fixed salaries, or inadequate fees, to undertake 
the work of the associations I have referred to. 

The question of professional fees, and the re- 
muneration of chemists in geneial, is a somewhat 
complic?ited one, and there does not seem to be 
any way in which one or the other can be standard- 
ised. With regard to the fees charged by prac- 
tising analysts, I think it will be generally agreed 
that before the w'ar the charges made, even by 
leading men, were in many directions quite in- 
adequate. This was partly due to a keen com- 
petition amongst chemists for what little outside 
analytical work was required in the earlier days, 
when the analyses were required for private in- 
formation or control purposes. In some cases 
the fees were cut by men who had been inade- 
quately trained, but as often no very great degree 
of accuracy was required, and very little oppor- 
tunity was afforded of checking the results, there 
was no elimination of the least capable, and the 
competition of these with the better-trained men 
kept fees at a low level. In this way in many 
branches of work fees became more or less fixed, 
and by a general understanding they had to be 
accepted, especially by the younger members of 
the profession. Once fixed for any particular 
analysis it was very difficult for the individual to 
raise the fees without the risk of losing the work 
altogether. * Thus it happened, in my case at all 
events, that a very considerable part of my prs^- 
tice was carried on at very little profit to myself. 

With the altered conditions brought about as 
the result of the war it became imperative that a 
revision of fees' should be made, and even the 
most altruistic of us were compelled by the force 
of necessity to raise our fees. The Institute of 
Chemistry made inquiry into the matter, and in 
the February number of the Jontrnal and Fr&^ 
feedings of ike Institute for 1920, stated that, as 
the result of their investigations, *'the Council 
are of opinion that Fellows and Associates are 
justified in making a corresponding increase in 
their fees for professional services." Although 
unable to recpmmend any definite rate of increase 
over pre-y^ar rates, the Council of the Institute 
state that an increase of 50 per cent cannot be 
regarded as excessive, while some practitioners 
have doubled their fees. This praotically is the 
attitude which I myself > have taken, readjusting 
the fees according to the work involved, but it is 
a matter of doubt whether the increases made in 
the fees cover the extea costs involved unden 
present condition^. 

With regard to chehiists employed in whole- 


time en^ag^menf^^ 1, ap^atfaid that in many in- 
stances ^ remuneration have mot 
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During the past year your Council has worked 
assiduously, and, under the able guidance of our 
Secretaries, has kept the business of the Society 
and the interests of its members constantly in 
review. 

One Committee, consisting of Messrs. L. Arch- 
butt, W. J. A. Butterfield, G. Nevill Huntley, and 
G. Rudd Thompson, appointed by the Council to 
consider the desirability of making provision foi 
supplies of standard chemical substances, has 
transmitted to the Council of the Institute of 
Chemistry a Report, a summary of which appeared 
in the September number of the Analyst 

The Committee is satisfied that there is a de- 
mand for Analytical Control Standards, at present 
being chiefly met by private enterprise and by the 
importation of the Cl.S.A. Bureau of Standards 
Samples, and that the demand appeals reasonable 
for checking and educational, rather than com- 
mercial purposes. 

The Committee recommend that the Society of 
Public Analysts should take the initiative in foim- 
ing a representative Analytical Standards Com- 
mittee, and the Council of the Institute of Chemis- 
try have concurred with that recommendation, 
and have nominated Mr. F. H. Carr, Dr. J. T. 
Dunn, Mr. Lewis Lynon, and Mr. F. W. Har- 
bord to act as its representatives. 

That standards such as have been prepared or 
proposed would prove a great service, especially 
for educational purposes, scarcely admits of a 
doubt, but w’hen it is suggested that these stan- 
dards should be analysed side by side with com- 
mercial samples submitted for analysis, and that 
the fact should be stated on the certificate, I am 
very clearly of opinion that such use would be 
detrimental to the profession, and damage its 
prestige. In most cases the materials fur which 
standards would be prepared would be commercial 
products, the analyses of which arc almost in- 
variably placed ill the hands of experts, who aie 
past-masters in the particular branch of analysis. 
To make any such statement such as that sug- 
gested would be tantamount to an admission of 
incompetency. 

And now, im conclusion, 1 have to express to our 
indefatigable and ever courteous Secretaries, Mr. 
P, A. Ellis Richards, and Mr. E. Richards Bolton, 
the deep debt of gratitude under which I have 
been placed by their many kindnesses and in- 
valuable promptings, both with regard to pro- 
cedure and policy, during the year now coming 
to an end. 


BOOKS RECEIVED. 


‘A Dictionary of Applied Chemistry.” By S 
Edward Thorpe, C.B., LL.D., F.R.S. Vol 
Revised and enlarged edition A. to Calciui 
752 Pages. London : Longmans Green & C 
Price bos. net. 

“An Introduction to Zoology for Medic 
Students,” By C. H. O’Donoghue, D.St 
P.f.B 501 Pages. London; G. Bell & Son 
Price 1 6s net. 

Chemistry : General Theory 
545 Pages. London 
McGraw-Hill Publishing Co. Price i8s. net. 


‘‘Cicative Chemistry: Desciiptive ol^ Recent 
Achievements in the Chemical Industries,” By 
Edward E. Hosson, M.S., Ph.D. With many 
Illustrations. 311 Pages. London: London 
University Press, Ltd. Price 12s. 6d. net 
Wolumetnc Analysis for Students of Pharma- 
ceutical and General Chemistry.” By Charles 
H. Hampshire, B.Sc., F.I.C. Third Edition. 
London : J. & A. Churchill. Price 7s. 6d. net. 
“Physical and Chemical Constants and Some 
Mathematical Functions.” By G. U. C. Kaye 
and T. H. Laby. Fourth Edition. London : 
Longmans Green <& Co. Price 14s. net. 

“The Chemistiy of Synthetic Drugs.” By PERCY 
May, D.Sc, (Lond.), F.I.C. Third Edition. 
248 Pages. London : Longmans Green 8c Co. 
Price 12s. net. 


•NOTIES. 

Royal Institution.-— On Tuesday next, April 
5, at 3 o’clock, Pi of. R. A. Sampson, Astronomer 
Royal for Scotland, delivers the first of two lec- 
tures at the Royal Institution on (i) “Present 
Position of the Nebular Hypothesis”; (2) 
“Measuiement of Staidight.” The Tyndall lec- 
tures will be delivered by Mi. C. T. R. Wilson on 
“Thunderstorms,” beginning on Thursday, April 
7; and on Saturday, April q, Dr. H. H. Dale be- 
gins a course of two lectures on “Poisons and Anti- 
dotes.” The Friday evening Discourse on April 
8 will be delivered by Dr, R. H. A. Plimmer on 
“Quality of Protein in Nutrition,” and on April 
15 by Mr. Ernest Law on “M^'olsey as a War 
Minister.” 

General Discussion on Failure of Metals — 
A general discussion on Failure of Metals will be 
held on Wednesday, April 6, 1921, under the con- 
joint auspices of the Iron and Steel Institute, the 
Institution of Mechanical Engineers, the Faraday 
Society and the Institute of Metals, at the Institu- 
tion of Mechanical Engineers, Storey's Gate, 
Westminster. There will be three sessions, com- 
mencing at 3 p.m., 5 p.m., and 8 p.m. respec- 
tively, with intervals for tea and dinner. Arrange, 
ments aie being made to enable those attending to 
dine together at 6.45 p.m.,^ at the Victoria Man- 
sions Restaurant, 24, Victoria Street. Prof. Alfred 
W. Porter, D.Sc., F.R.S., President of the Fara- 
day Society, will preside at the first session, when 
an introductory address will be delivered by Dr. 
W. Rosenhain, F.R.S., after which the Chair will 
be taken by Captain H. Riall Sankey, C.B., Presi- 
dent of the Institution of Mechanical Engineers. 
Dr. J. E. Stead, F.R.S., President of the Iron 
and Steel Institute, will preside at the second 
session, and Eng. Vice-Admiral Sir George Good- 
vvin, President of the Institute of Metals, will pre- 
side at the third session.. At each of these 
sessions a selection of papers will be submitted. 

Possibilities of Power Production.— Prof. 
Burstall, Dean of Science at the University of 
Birmingham, and head of the mechanical en- 
gineering department, addressed the members of 
the Institute of Electrical Engineers on the 
“Possibilities of Power Production,” at the Univer- 
sity on March 17. The present period might 
determine, said Prof. Burstall, what he called the 
“carbon period,” and the sources of power derived 
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from the combustion of carbon in the shape of 
coal and oil. ^ The two latter were a sort of capi- 
tal, upon which mankind would continue to live 
probably for the next 250 years, but the time 
would come when they would have to seek other 
sources of power. He thought it probable, how- 
ever, that future generations would not want the 
great amount of mechanical power that we con- 
sidered to be indispensable, and might deprive 
themselves of it quite voluntarily in favour of 
other methods. Regarding the possibilities of 
steam engines, he thought that in the next 50 years 
they might look to obtaining a horse-power hour 
for an expenditure of about 81 b. of coal, beyond 
which it was extremely unlikely that the thermo- 
dynamics of the steam engine would allow them to 
go. So far as they could see, the power generated 
by coal or oil would be sufficient for present con- 
ditions, but it was as well to look for possible new 
sources of powder energy. The resources of cold 
water power were distinctly limited, and would 
not satisfy anything like the whole of the wants 
of mankind. That the power of the tides would 
be used he had not the slightest doubt, but it had 
never appealed to him that the generation of 
po-wer from water was going to do anything more 
than merely scratch at the needs that would be 
felt.^ The windmill would certainly be used ex- 
tensively in the future. They had virtually only 
one other method of working, and that had been 
there since the birth of the human race — the sun. 
The problem was : How are we going to use this 
energy in the form we wanted it .? 

Institution of Petroleum Technologists. — 
The officers elected for the session 1921-22 are as 
follows. President — Prof. John Samuel Strafford 
Brame.^ Past-Presidents — Sir Boverton Redwood, 
Prof. Sir John Cadman, Sir Charles Creenway, 
Bart., Sir Frederick W. Black. Vice-Presidents — 
Herbert Barringer, Sir George Beilby, Sir John 
Cargill, Bart, The Rt, Hon. Viscount Cowdray 
of Cowdray, Arthur W. Eastlake, Sir Thomas H. 
Holland. Council — Alfred C. Adams, Herbert 
Allen, Major R. W. Barnett, M.P., Andrew 
Campbell, E. H. Cunningham Craig, Alexander 
Duckham, A. E Dunstan, James Kewley, W R. 
Ormandy, T. C. Palmer, F. Moll wo Perkin, 
Robert Redwood, John S. Smith, Prof. W.. W. 
Watts. 

French Glass Industry.— a company formed 
in Paris under the style of the Compagnie Indus- 
trielle des Verreries k Vitre, with a capital of 
14,900,000 francs, is building large works at 
Cussett, in the Allier, which, states the Journal 
IndustfiellCj will be the most important in Europe 
for the manufacture of window-glass, by the Four- 
calt process. The works are to be constructed on 
the site of the Cussett bottle works, which during 
the war were converted into steel works by the 
Acieries et Forges de Firminy.^ It is hoped that 
the works will be ready in October next. The 
Societe Industrielle is stated to have a consider- 
able interest in the new concern, which has ab- 
sorbed the Verreries Valentin Mesiner at Saint- 
Etienne. The new company fias also acquired 
the works at Aniche (Nord) belonging to the 
Society Industrielle de Verrerie,, which were 
tially destroyed during the and subseahently 
it'biiilt ^ ^ 
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VOL. CXXII., No. ^182. 


A VOLUMETRIC METHOI^ FOR THE 
DETERMINATION OF LACTOSE BY ALKA 

LINE POTASSIUM PERMANGANATE.* 

By FEUPE T. ADRIANO. 

* Of the Laboratory of Agricultural Chemistry, College of 
Agriculture, University of the Philippines 

4 

Quisumbing (F, a. Quisumbing, “Determination 
of Glucose and Starch by the Alkaline Potassium 
Permanganate Method,” Philip. Journ. Sci.j 1920, 
xvi., 581), of this laboratory, recently devised a 
volumetric method for the determination of glu- 
cose and starch by alkaline potassium permangan- 
ate solution, which is claimed to be shorter than 
and as accurate as any of the Fehling methods, 
either gravimetric or volumetric. It was thought 
worth while to apply this method to the deter- 
mination of lactose in milk. For this purpose a 
lactose permanganate table similar to that for 
pu^e lactose for glucose and staVch was prepared. 
Paf^Hel detjeiteihatihns of lactose in milk were 
thi# naltcle hy the new, the Soxhlet, and the optical 
mworfs. The results show that for the deter- 
mination of sugar in milk the new method, besides 
being more rapid, promises to be as accurate as 
either of the older methods, if hot more so. 

Previous Work o%i Milk Sugars Determination. 

So far as can be found in the available litera- 
no quantitative method has ever been devised 
determination of lactose in milk by oxida- 
v^fith potassium permanagante in alkaline 
"sorution. Grexfenhagen, Konig, and Scholl (W. 
Greifenhagem J. Konig, and h, Scholl, “Bestim- 
mung der Kohlenhydrate durch jOxydation mittels 
Kaliumpermanganat in alk»scher Losung,” 
Biochem. Zeitsckr.j ipii, xxxv., 177) determined 
the ration of lactose to the amount of oxygen used 
,when the fqriAer is oxidised in an alkaline potas- 
permanganate solution, but they did not 
work out a method for the determination of this 
sugar in milk. Some determinations of lactose 
by the older methods are given here. 

Wolt (F. W. Well, ^Report on Dairy Products,” 
Bidl^ U.S^ De^t. Agr./Biir^ Chem.^ 1907, qv., 100) 
in Ixis report on dairy ]^roducts gives the following 
determinations of lactqse in condensed milk : 

Lactose. 


Analyst. 


Jaifa and Stewart, California i-.- 

Olson, Wisconsin 

Jaffa and Stewart, Calif omja 
^ Jaffa and Stewart, California 
Jaffa and Stewart, California U. 

called attention to the. f aei that results 
obtained with the polariscopic i&tbpdl ^4^+1 ^ 

cases but one, lower than with ite, qotipter 


By gravi- 
metric By polar- 
metbod. iscqpe, 
Recent, Pec tent 

9'2§ ; 9-56 

8*11 hoo 

10-87 ^<^"74 

97# 9*^% 


gravimetric method. His observations were con- 
firmed by the report of Patrick and Boyle (G. E. 
Patrick and M. Boyle, “Sub-report On Analysis of 
Dairy Products,” Bull, U.S. Deft. Agr j Bur. 
Ckem.j 1907, cv., 106), who, in their sub-report 
on analysis of dairy products, gave the following 
results : — 

Lactose 


Sample No. 

By 

Soxhlet 

By polar- 


method. 

iscope. 


Per cent 

Per cent 

2930 (Referee's sample) 

... 10*04 

rO‘07 

2530 

10*51 

10*19 

252S 

... 10*69 

10*57 

2610 

... 10*15 

Q*97 

2529 t.. 

9*20 

8*71 

2531 

9*37 

9*00 


Folin and McEllroy (O. Folin and W. S. 
McEllroy, “Copper Phosphate Mixtures as Sugar 
Reagents,” Journ. Biol. Chem.j 1918, xxxiii , 513) 
have recently succeeded in introducing copper 
phosphate mixtures, the alkaline phosphate taking 
the place of tartrates, citrates, or glycerol in the 
analysis of sugars in urine, using a modified Bene- 
dict titration method. Folin and Denis (O. Folin 
and W. Denis, “The Determination of Lactose in 
Milk,” Journ. Biol. CheWt.^ 1918, xxxiii.,^ S21, 524) 
have applied this method to the determination of 
lactose in milk, and they claim that it gives accur- 
ate results. Their method as applied to milk is 
remarkably simple, for it does away with the pre- 
liminary preparation of protein-free filtrates, since 
albumin does not interferes^ with the titration, and 
it therefore “eliminates the cumbersome ^correc- 
tions^ for the volume occupied by the protein-fat 
precipitates ” In the same paper a picrate colori- 
metric method for lactose is described which is 
materially simpler than the one given by Dehn 
and Hartman (William M. Dehn and F. A, Hart- 
man, “The Picrate Colorimetric Method for the 
Estimation of- Carbohydrates,” Journ. Am. Chem. 
Soc.j 1914, xxxii., 404). Parallel results obtained 
with the colorimetric method of Folin and Denis 
and the titration method are given to show that 
the latter is the more accurate. 

Materials and Procedtere. 

Quisumbing’s Method as Applied to the Deter- 
mination of Lactase in ' Milk. — Place tin an Erlen- 
meyer fiask >5[c cubic cm. qi o'l N potassium of 
permanganate solution, 25 cubic cm, of a solution 
of sodium carbonate containing 8*48 grms. of (an- 
I^ydrous) sodium carbonate per litre, and 5 or 
10 cubic cm. of the filtrate obtained as indicated 
below. ^ Add sufficient water to make the final 
volume of the mixture 100 cubic cm. Heat the 
mixture on the heating device, Consisting of an 
bestos hood* the heating 
that its temppitn^ is. rafeed, 
Q, ; in ' two mgnmes^ j • dom- ' 


two minutes '.affet jthe] 
Ifak F-each# 95*" C- R^qie . the 

, fiifki:and;a4d gradual^' ’ * 

‘ 
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cubic cm. of o-i oxalic acid solution gives the 
number of cubic cm. of o*i N potassium perinan- 
ganate solution that is actually used in oxidation 
The corresponding lactose value with the use of 
pure lactose is shown in Table II. 

The pure lactose used in obtaining the data for 
this table was prepared as follows : — 

To an alcoholic solution, saturated at 40® C. 
of chemically pure lactose obtained from a local 
dealer, absolute alcohol and ether were added, 
and the sugar was allowed to crystallise from the 
solution in a vacuum dessicator over sulphuric 
acid. When about half of the solvent had evapor- 
ated, the crystals were separated from the mother 
liquor by suction and then w^ashed with small 
amounts of ether and absolute alcohol. The lac- 
tose was recrystallised three times in the manner 
described apd the purified product dried for 16 
hours at 40® C. under vacuum in an apparatus 
similar to that described by Browne (C. A. 
Browne, “Handbook of Sugar Analysis,” London, 
IQI2, 23}. Its purity was determined as follows : 

1*6450 grms. of the pure lactose were weighed 
and dissolved to 100 cubic cm. 25 cubic cm. of 
this solution were analysed by the Soxhlet method 
for the lactose content, and a portion was polar- 
ised after having been allowed to stand for 24 
hours. , 

Table I. — Determination of the Purity of Lactose 

Lactose. 

Method of analysis. Per cent. 

Optical method 100*00 

Soxhlet method QO*o8 

Average ... gq-qq 


Table 1 1. — Deternnnation of Lactose hy the 
Alhalme Poiassinm Permanganate Method, 



Lactose, 

o-i N 
KMnO^. 

Lacto«‘e 

o'xN 

KMnO* 

mgs. 


cc. 

mgs. 

cc. 

I 


2*51 

21 .... 

... 23*63 

2 


■ . 3*21 

22 

... 2^*87 

3 


.. 4*04 

23 

25*92 

4 



•• 4*39 

24 

... 26*67 

5 



•. 5*47 

25 .. . . 

... 28*10 

6 



. 0*52 

26 

.. 28*39 

7 


. 7*69 

27 

... 29*50 

8 



9*13 

28 

30*60 

9 


g*cA 

29 . ... 

... 31*49 

10 



ir^7 

30 . . 

••• 32*55 

II 



. 12 -,o 

31 . .. 

•• 34*65 

12 


. ir‘’'0 

32 

••• 35*69 

13 


I54i 

33 .. . . 

... 36*16 

14 


16*72 

34 • - • 

.. 37*26 

tS 

- 

... 1/85 

35 .. .. 

... 38*26 

t6 



iq*04 

36 ... ... 

.. 38*64 




... 20*16 

37 

.. 39*28 

18 



... 20*q6 

38 

.. 40*16 

19 


21*50^ 

39 . .. 

• 40*56 

20 



. 22*So 

40 

... 41*47 


Application of the New Method to the Analysis 
of Lactose in Milk, 


^ The milk under examination was analysed for 
its lactoi^ content by rpeans of the optical method, 
the gravimetric method, and the new method, thus 
making possible a comparison of the results of 
if methods. That the milk samples should 
all be of equal concentration, the evaporated 
canned milk was diluted by mixing equal parts 
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of the milk and water before proceeding with the 
analysis. To determine which of the methods is 
the most accurate, similar analyses were made on 
“synthetic” milk \ prepared ^ as indicated below. 
The preparation of the solution used for the gravi- 
metric method and the new method is as follows 
(Report o-f the, Committee on Editing Tentative 
and Official Methods of Analysis, Journ. Assoc, 
of Official Agri. Chemists^ 1916, Bulletins i and 2, 
87, 104, 289) 

Dilute 25 cubic cm. of milk of known weight 
with 400 cubic cm. of distilled water in a 500 
cubic cm. graduated flask. Add 10 cubic cm. of 
the copper sulphate (dissolve 34,639 grms. of 
copper sulphate in 100 cubic cm. of water and 
dilute to I litre) solution and 8*8 cubic cm. of 0*5 
sodium hydroxide, solution. After the addition of 
the alkali the mixture must still have an acid re- 
action and contain copper in solution. Fill the 
flask to the 500 cubic cm. mark ; mix, filter 
through a dry filter, and determine the lactose in 
the filtrate, takings 50 cubic cm. for the copper re- 
duction and 10 cubic cm. for the alkaline potas- 
sium permanganate method. 

For the optical method the directions given in 
Sherman^s “Organic Analysis,” New York, iqi2, 
361, were followed. 

The results of the analysis perfoimed on canned 
and on fresh cows^ milk are as follows : — 

Table III. — Determination of Lactose in Milk, 

(Figures express the percentages of lactose by 
• weight.) 


No. 

Sample. 

Description. 


Poiaria- 

Lactose. 
Quisum^ 
bine’s 
method. 
Per cent 

5*21 

Soxhlet’ s 

. 

Sterilised Notw^ay 
natural milk ... 


cope: 
Per cent 

4 *60 

method. 
Per cent 

S‘6S 

2 

Ditto ... ... ... 


'4-56 

5*20 

5-64 


Average 


4-580 

5*205 

5-645 

3 

Sterilised evaporated 
milk 

6*12 

9-5* 

9-76 

a4 

Ditto 

, , . , 

8*26' 

. 9-88 

io*o8 

as 

Ditto 


7*28 

9-70 

9*88 

a6 

Ditto 

/ 

. ,,, 

7*22 

9-84 

9*86 


Average 


7*220 

9*735 

9-895 

7 

Evaporated milk 


8-71 

9*98 

10*30 

8 

Ditto 


8-78 

9*90 

10*24 

9 

Ditto 


8-72 

9*94 

10*30 

10 

Ditto ... ... 


— 

9*94 

10*29 


Average 


8-736 

0*962 

10*282 

1 1 

'Sterilised natural 

milk 

4-41 

4-50 

4-52 

12 

Ditto ’ .. 


4-42 

4-46 

4-62 

13 

Ditto 


4-38 

4-53 

4-46 

4- >3 

H 

Ditto 


4-38 

4-46 


Average' .. 

. ... 

4-395 

4-487 

4-582 

15 

Cows' milk from 
Banos .. 

Los 

4-50 

4-80 

5 *08 

16 

Ditto 


4-48 

4-79 

5‘o6 


Average 

* • 

4-490 

4-795 

5*070 
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a. These samples were taken from the same 
can as No. 3, but they were treated with varying 
amounts of pure lactose. The percentage of lac- 
tase added was subtracted to find the true per- 
centage of lactose in the milk. 

Analysis of SyntheUc Milk, 

For the purpose of determining w^hich of the 
three methods will give the most accurate results, 
analyses were made of '^synthetic” milk, which 
was prepared in the laboratory by mixing : — 

Per cent 

Water 87*75 

Fat (in the form of butter) 3*40 

Protein (in the form of casein) 3*50 

Pure Lactose 4*60 

Mineral substances from the ash of canned 
milk 0*75 

The results are shown in Table IV. 


Table IV. — A^ialyses of Synthetic Milk, 


Sample No. 

Polaris- 
copic 
method. 
Per cent 

Lactose. 
Qmsum- 
bing’s 
method. 
Per cent 

Soxhlet' s 
method. 
Per cent 

l 

... 4*24 

4*78 

4* 80 

2 

... 4*16 

477 

4* 80 

Per cent of lactose added 4*60 

4*60 

4* 60 


* Discussion of Results. 

Table II. gives the milligrms. of lactose corre- 
sponding to the number of cubic cm. of o* i M 
potassium permanganate solution used in the 
determination as described. Table III. shows the 
results of the analysis of the diiferent samples of 
milk by the three methods. Table IV. gives the 
results with synthetic milk with a known percent- 
age of lactose. From these tables it may be seen 
that the percentage of milk sugar given by the 
optical method is consistently lower than by the 
Quisumbing or the Soxhlet method, and also that 
the Quisumbing method gave lower results than 
did the Soxhlet. The differences between the 
polariscopic method and the two oxidation 
methods are in most cases serious, whereas the 
-oxidation methods may be considered to agree 
closely. The differences between the polariscopic 
method and the two oxidation methods are greater 
in the case of the sterilised evaporated milk than 
in that of the sterilised natural milk or the fresh 
cows^ milk (see Table III.). It was thought that 
^ the differences might be due to changes in the 
sterilised evaporated milk that occur during 
manufacture but which do not occur in the steri- 
lised natural milk or in the fresh cows' milk, and 
that such changes resulted in the formation of 
soluble products not precipitated by acid mercuric 
nitrate. The proteins or milk are most susceptible 
to hydrolysis during the process of evaporation, 
and would give rise to optically active products 
.which may not be precipitated by mercuric nitrate. 
To test this point the filtrates from samples 7 to 
10, II to 14, and 15 and 16 (Table III.) were 
analysed for their nitrogen content by the 
Kjeldahl Gunning Arnold method (Report of the 
Committee oh Editing Te^-tative and Official 
Methods of Analysis, Journ, Assoc, of Qfficial 
Chem.^ igrfi, Bulletins 1 and 2, 87, 104, $89), with 
the following results : — . , , 


Table V. — Nitrogen D eterjnmation of Filtrates 
from Samfles 7 to 10, 11 to 14, 15 and 16 
\Tahle III.). 


Source of sample. 

Filtrate for the polari- 

Nitrogen in samples — 

7 to ro 
Per cent 

1 1 to 14 
Per cent 

15 and 16 
Per cent 

scopic method 

Calculated as mgrms. 
alanin in 100 cubic 

0*01 10 

0*0130 

0*0021 

cm. of filtrate 

Filtrate for the reduc- 

70-00 

82*50 

12*70 

tion methods 

o*ooo6 

0*0056 

0*0016 


These results show that hydrolysis of the pro- 
tein occurs in the process of evaporation and 
sterilisation of milk. Thus the fresh cows^ milk 
gives less nitrogen in the filtrate than either the 
evaporated or the sterilised milk. The differences 
are clearly seen if the ^nitrogen is expressed in 
milligrms. of a dipeptid or an amino acid such as 
alanin. Of course, nothing is known of the 
nature of these nitrogenous compounds. But, 
judging from the results of the analysis of samples 
7 to 10, where the average difference between the 
polariscopic method and the two oxidation 
methods is greater than i per cent, and of samples 
II to 14, where the optical and the oxidation 
methods agree to within o*i per cent — both giving 
almost the same percentage of nitrogen in the 
filtrate — these soluble products may influence the 
rotation of lactose in either direction. It is very 
likely that other factors have an influence on the 
specific rotation of this sugar. This seems to be 
indicated by the results with synthetic milk. The 
casein used in the preparation of the latter must 
have been completely reprecipitated together with 
the fat by the acid mercuric nitrate, since hydroly- 
sis of the casein was hardly possible under the 
conditions of the experiments ; and yet the results 
of the sugar analysis by the polariscopic method 
are much lower than by the oxidation methods. 
Of course, no definite conclusions can yet be 
drawn from the results of only one set of experi- 
ments, but there are some indications that the 
mercuric nitrate, the ash, or the nitric acid, or 
ail three, affect also the specific rotation of lactose. 
The influence of the factors seems to be cumula- 
tive in the case of the evaporated milk and com- 
pensating in the case of the sterilised milk. 


.Summary and Conclusions. 

The attempt to apply the alkaline potassium per- 
manganate method to '^he determination of lac- 
tose in milk has met with success. This method 
has advantages over the older methods in rapidity 
and accuracy. Lactose determinations run with 
the new method give consistently lower results 
than with the Soxhlet method. 

The results obtained by the polariscopic method 
are very unreliable, and cannot be used for accur- 
ate work, especially ip ^ the analysis of canned 
milk. Where a high degree of accuracy in ^the 
results is required, the Quisumbing or Soxhlet 
method should be given* preference.-— 

Journal of Science^ Ar^ust, 1920. 


Health Week in 1921,-— The Secreia:ry of the 
Health Week Committee, appointed by the Royal 
Sanitary Institute, ap|i^)unces tliat Ring 

an4 'H.M. the Que|ip have ^ grp^bu^iv 

accorded their pptrpi^e to ^‘HealS Week,f 
will be held ‘yei&i during^ 

October. M ^ 
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OVERGROWTHS ON DIAMOND.* 

By J. R. SUTTON. 

(Continued from p. 149.) 

Reasoning from the above results, the following 
conclusions, venio rogatumj would seem to be 
justifiable : — 

Yellow ground contains more calcite than blue 
ground does. 

Calcic carbonate in suspension, or solution, de- 
posits Itself readily in thin layers on a diamond 
surface, causing that surface to approximate to the 
consistency of the common minerals in the pulsa- 
tor concentrates. 

This deposit being more easily wetted than a 
bare diamond surface is, the surface tension in 
water is increased, and that in grease decreased 
accordingly. Hence the coated diamond behaves 
like an equal mass of limestone on the grease 
tables. 

The above account is drawn with no material 
alteration from my report made at the time some 
years ago. This report had been put away and 
the details half forgotten, although the con- 
clusions were alluded to in a recently-published 
paper. But during the last few months the results 
appear to have received some extraneous con- 
firmation perhaps sufficiently important to warrant 
the publicatio-n of them. This latter development 
will now be briefly described. 

Now it is to be noted that if calcite, or lime- 
stone, can be made to form a crust on a diamond 
by artificial means, it ought , to do the same 
naturally, in propitious circumstances. So far as 
the Wesselton yellow-ground diamonds are con- 
cerned, since they do not always adhere readily 
to the grease tables, this would appear to have 
been proved, or at least made probable, by the 
experiments described above, But since calcite 
occurs in fair abundance in some specimens of 
blue ground, there ought to be cases here and 
there in which blue-ground diamonds had acquired 
a calcite coating. The chances would be, how- 
ever, that even so it would not follow that the 
coating would survive the rough treatment of 
mining and winning to the end at the grease 
tables. Moreover, should it be a thick coating 
and completely enclose a diamond, and survive 
intact, the diamond would certainly be rejected 
by the grease tables like the superfluous concen- 
trates ; or, in case of dry sorting, probably rejected 
as a valueless piece o'f white mineral. The 
chances are, therefore, not altogether favourable 
for the detection of a diamond with a thick coat- 
ing. Nevertheless, diamonds heavily coated with 
a- more or less complete shell are occasionally 
^und. They come mostly from the interesting 
Bultfontein Mine, doubtless partly because the 
prevailing striated surface of Bultfontein* diamond 
holds the coating best, and partly because of the 
abundance of calcite there; but they are found 
occasionally at Wesselton and Dutoitspan. 

A signifleant fact about these particular lime- 
ooafed diamonds from blue ground is that the 
costing is not aragonite. For when it is boiled 
with cobalt nitrate it remains uncoloured. It is 
evident, therefore, that the coating was acquired 
at, a 1^, stage^ m the history of the matrix, and at 
a low mmperstore, ^ i 

?r-T — — I - I - 1 — I 

’ *Fxoni the Transactions of tb® Society of South Africa, 


. Equally significant is the fact that calcite is 
not found inside cracked diamonds from the Kim- 
berley area. The filling material has been taken 
from the cracks ‘of many diamonds on the De 
Beers sorting tables and in no case has it been 
calcite. Usually it appears to be apophyllite 
(''The Diamond Mines of South Africa,^’ p, 507), 
and pectolite has' been found. Hence it may 
reasonably be inferred that the cracking of the 
diamonds took place at a relatively early period, 
and that the cracks became filled with a zeolite, 
or something of that sort, before the calcite was 
introduced, or separated out, into the matrix (F. 

P. Mennell, “The Miner’s Guide,” igog, p. 147; 
also P. A. Wagner, “The Diamond Fields of 
Southern Afiica,” 1914, p, 75). Which is yet 
another argument against the popular delusion 
that cleavages among diamonds arc due to ex- 
plosion after the diamonds are taken from their 
matrix. 

Occasional Dutoitspan rounded yellow dia- 
monds are reported which have failed to adhere 
to the grease tables. They carry no obvious 
foreign coating any more than the Wesselton 
yellow-ground diamonds did, but presumably they 
carry a coating even though it be indefinitely thin. 
And it may be surmised that they come from the 
vicinity of local accumulations of calcite in the 
pipe rock. One typical specimen that had been 
rejected by all three tables adhered to the grease 
quite normally after immersion in a weak acid. 

it may be of interest to quote here some remarks 
made by Boutan in his great \\ork “Le Diamant,” 
1886, p. 17 1, Spea)cing from actual expeiience of 
Kimberley as it was somewhere about 1884 — 
i.e , at a time wh^n the blue ground had been^ , 
reached and was Dcing worked, he ^*1 

diamond:-— ^ ^ 

-il se pr^sente sons bien des 6 tata divers -de 
cristaliisation, de couleur et de grosseur; mais il 
est presque toujours envcllopp^ d^une mince pelli- 
cule calcaire, qu’on enl^ve avec les autres im- 
puret^s qui pourraient ternir sa sui*facc en le 
iaissant penda^it quclque temps dans de Facide 
azotique bouillant.” 

It IS a curious statement to make, however, that - 
diamonds fresh frpm >the mine were almost aways 
encased in a chalHy. envelope (G. F, Williams, 
p. Z08 ; “All the crystals in the blue ground were 
encased in a smooth bed of the Same material, 
which ‘did not adhere to the. diamonds, so that 
their lustre, when .extracted, was quite bright or 
glassy. Certainly diamonds have always been 
put into acid— mostly aqua, regia earlier, though 
hydrofluoric nowadays— before being sorted for 
shipment to London ; but, as one understood, 
rather to remove impurities from cracks than es- 
pecially to clean theit surfaces, though of course 
it wduld do that too. And yet one hesitates to 
question the word of so careful a writer as. Boutan. 
Possibly the explanation of the difficulty is either 
that such diamond^ as he had the opportunity of 
seeing were thus coated, or that he mistook the 
main purpose for which -the acid was generally 
used. True or not, the copyists lost a chance in 
not repeating the statement and so passing it on 
by their unanimity to the realm of historical fact. 

It may be mentioned here that it is well known at 
the* De Beers pulsator that diamonds which have 
been lying for many years in the blue ground on 
the depositing floors are very intractable on the 
grease tables. Probably the lo^g - continued 
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weathering has set calcite free, either from the 
blue ground itself or from the limestone under- 
lying the floors, to form an* incrustation on the 
diamond. 

A clean diamond is not readily wetted by 
ordinary rain or river water. If it be immersed 
in such water it will come out dry saving where 
droplets can cling to irregularities upon its sur- 
face, and even these are easily shaken off. A 
triangular flake of diamond whose edges are 12 
mm'., and whose thickriess is 1*25 mm., will float 
indefinitely upon a still-water surface. If the 
same flake be placed edge downwards in the water 
whose depth is about 6 mm., the lower edge will 
^ rest at the bottom of the water, and the top corner 
will' project slantwise through the surface, and 
remain so, provided that the surface is kept fairly 
quiet. This is the largest thin flake there has 
been the opportunity to try, though doubtless 
much larger ones would behave in the same way. 
Small diamonds of good geometrical form up to 
at least o’l carat each will float on water, even 
when it is gently agitated, like corks, partly be- 
cause of the surface tension of the water, but 
chiefly because they are not readily wetted, where- 
as most common minerals of the same size will 
submerge at once. 

A number of simple experiments have been 
made with the object of ascertaining whether the 
addition freely soluble substances to water 
^ i mfdify the surface tension between dia- 
and Water. Saturated solutions of the 
following compounds showed no appreciable 
difference : Alum, Epsom salts, sal ammoniac, 
common salt, saltpetre. Saturated solutions of 
the following increased the tension somewhat ; 
Chloride of lime, borax, hyposulphite of soda. 
On the other hand, a solution of caustic soda 
wetted the diamond thoroughly. But of all the 
, substances tried, carbonate of soda proved by far 
I the most effective. A diamond (crystal or bort) 
dipped into a saturated solution of carbonate of 
soda comes out wet and dries with a thick deposit 
of the substance. Even here, however, the 
■wetting tends to be to a certain extent selective. 
The deposit as a rule dries thicker on the faces 
of the octahedron than it does on the edges ; and, 
by the same token, thicker on the edges of the 
rhombic dodecahedron than it does on the faces. 
Some octahedra dry with their faces thickly coated 
(saving where deep triangular indentations inter- 
fere) ,and their edges scarcely dimmed, aud 
sonte dodetuhedra dry with their, edges shai^ply 
outlined iu^ white. This result may arise from 
faulty maaipulation, or it may have !^een acci- 
dental to the limited number of stones treated; 
but it is curious that the observer occasionally 
comes across a ■dia^aond nateally coated on its 
octahedron f^ces with a black adamantine In- 
crustation, while its edges are $0 clear that the 
colourless interior can be seen through them.,: 
On the other hand, a bort incrustation favours «tlie 
dodecahedron faces of .Wes^lton ^"black^^ 
opaque) diamond, , . ^ i I i ' 

One other, minor, poinlr If a, diahWid be 
placed in a sQluticm of carbonate j Of ^ cen- 
t^ned in a glass vessej, o^f its* 

aflSmity for the diamond/^^" .. * 

the water evaTOta^tesw ^ 
of the ves^^ ateW iM ^ , 

rerhhins uncoWrSeS ih 1] 



in a solution of cane-sugar crystallisation will be- 
gin on the diamond alone, and the latter after 
a time will appear as if enveloped in an extensive 
cloudy condensation. The reasons need not de- 
tain us. 

Coated Diainonds: Some Obscrvaiwi^ and 
Inferences, 

Diamonds with a black incrustation are com- 
mon, especially at Wesselton. In the^ mines of 
the Kimberley area this incrustation is usually 
very thin, and under magnification is seen to con- 
sist of minute dull black specks, more or less 
uniformly streaked over a somewhat rough and 
pitted surface — so thin, indeed, as to make the 
diamond look slaty-grey bv reflected light, and 
smoky -brown by transmitted light. Not improb- 
ably this coating is allied to the frequent black 
spots included in the body of spotted stones. 
Whether, so far as the Kimberley mines are con- 
cerned, it represents the remains of a thicker 
coating which has been lost either naturally or in 
the process of mining and winning is doubtful. 
Mr. P. Ross Frames, however, has obtained, at 
the Premier Mine, Pretoria, a small diamond from 
the midst of a lump of graphite, and at this mine 
diamonds with quite a thick, soft black coating 
are sometimes found (P. A. Wagner, ^^Note on 
Graphite-coated Diamonds from the Premier 
Mine,” Trans, Geol. See, S.A,^ also ^*The 

Diamond Fields of Southern Africa,” p, 143). 
The black coatings of the Kimberley area dia- 
monds may be amorphous or crystalline diamond, 
or even graphite like -the Premier ones. It may 
be due to a temporary increase of temperature in 
past time. But a sufficiently great general in- 
crease of temperature is not very likely, ^ if only 
for the fact that diamonds are found in intimate 
association with cryst^ garnet and coloured zir- 
con. Of bort the same .may be said ; and quite 
recently a lump of stewartite containing numerous 
grains of almandine garnet was found at Bultfoii- 
tein High temperatures would be expected to 
render the garnet vitreous and to blanch the 
zircon. 

. The black incrustation is more likely to be a 
late corrosive sort of ! deposit on the diamond, 
quite independent of the process of crystallisation 
and not defining its final phase. And this view 
is supported by a small broken lump found at 
Koffyfqntein wfiick ^ first sight resembles a 
fragm^t of coal/ out on closer examination 
proye^ tOi transparent diamond thickly en- 
crusted' with a very hard black adamantine coat. 
It cannot be denied that the fracture preceded the 
incrustation. ^ * 

This Kqflyfontein specimen, then, helps us to 
see that the black ^^p0^ico-mmoxi in diamonds have 
not necessarily * always been enclosed within 
rapidly, and conduTOt^y crystallising diamonds; 
and still less are thes^^aame ^qentreS'Of 
stailisation in , a ‘ m^Mum, but^ rather 
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see^ that Dutoitspan rounded yellow diamonds, 
which are much less sub.iect to strain and are less 
spotted than most other kinds, were probably 
formed more rapidly in one continuous process. 

Haiiy, indeed, attributed the rounded form of 
some diamonds to rapid crystallisation : 

^ "Mais la foi'mation du diamant ayant etd pr6- 
cipit6e, les faces ont subi des arrondissemens, 
comme cela arrive par rapport a une multitude de 
mindraux” (^^Traitd de Mineral ogie,” iSoi, iii., p. 
290). (Antonio Magliabechi expressed the opinion 
that diamonds do not grow* larger by lying in the 
earth, but that their magnitude and figure are 
assumed at once [Phil. Trans, ^ 1707, No. 31 1). 
Leuwenhoeck gives reasons for thinking differ- 
ently 1709, No. 324). But crystallisation 

fast or slow, necessarily postulates a solvent). 

Whole stones encrusted in precisely the same 
way are met with now and again in the mines of 
Griqualand West. More important still, en- 
crusted stones have been proved to exist inside 
larger ones. A good and typical instance was a 
Dutoitspan fragment of about two carats consist- 

A 


black spot inclusions are not always easy to make 
outj but frequently they seem to be shapeless. 
Sometimes they are mere flakes. They occur 
either singly or in groups. J agersf ontein dia- 
monds are noted for the dense and solid appear- 
ance of their large black spots, At the other end 
of the scale of size are the smoky-brown clouds — 
the danger-signals of sensational literature, giving 
warning of impending explosion I — clouds of tiny 
black discrete particles. One would like to 
understand how the internal black spots are 
aligned with respect ^ to the space lattice, as to 
which there is a striking suggestion in the case 
of a coated Bultfontein ^^rounded octahedron/^ 
within -which at a depth of about a millimetre (as 
determined roughly by the focussing distance) 
under one face w^ere three separate* constellations 
of tinv black spots all lying in one octahedral 
plane of cleavage (two observations of a similar ^ 
kind made by Des Cloizeaux, and cited by 
Boutan). These constellations of spots were of 
additional interest because of the gorgeous chro- 
matic display they gave under the polariscope, 


B 


B 


D 



Fig. I,— Section of fragment showing position of inclusion. 

A. Encrusted inclusion, ab. Cleavage faces. bdb. Natural surface. 


ing of about a third of a whole white rounded dia- 
mond. PortiO'ns had split away from the original 
W’hole stone along two octahedral planes of 
cleavage, showing near the middle of the edge 
where the cleavage planes met a heavily en- 
crusted little stone of fair form, as depicted on 
an enlarged scale in the annexed Fig. L The 
incrustation was at least as hard as ordinary dia- 
mond. Observed through what was left of the 
natural face the inside of the fragment appeared 
to be extensively blurred with large black blotches 
—an iliusionary effect caused by refraction, for 
actually, saving for the encrusted inclusion, the 
specimen was quite without blemish. Soft graph- 
ite inclusions are plentiful enough in the holes- 
so common in the cleavage surface of diamond. 

Owing to the high refractive index and frequent 
rounded habit of diamond, the true outlines of 


and also for their obvious relationship to the sur- 
face markings, for exactly over each constellation 
was a particularly well-defined indented triangle. 
Could the millimetre or so of the face have been 
^cleared off, then without a doubt the new face 
would have had much the same sort of coated” 
appearance as the existing natural face had. 

(To be continued.) 


Digitalis Leaves.— According to the physio- 
logical test, the activity of the digitalis leaf seems' 
to decrease with age of the plant, differently td 
current opinion. Desiccation plays an important 
part, and a plant rapidly dried at 60"^ C. loses 
none of its activity (loachimoyla). — Btdl, Sac. 
Ckim. de France, January 20, 1921, 
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SPIDERS USED in' MEDICINE. 

By J. T. LLOYD, Ph.D. 

Cincinnati, Ohio. 

That insects and their by-products, such as shellac 
and honey’s pl^y an important part in the economy 
of man, is known to all. Perhaps, how’ever, it is 
better known to the physician than to the layman, 
that a few spiders play their roljeJn the practice 
of medicine. These spider remedies, like the in- 
sect medicines, are not of modern origin. In old 
works one finds frequent references to cobweb, 
which was then administered in the form of pills 
instead of the modern alcoholic pharmaceutical 
preparation, Tela Aranese. 

In the popular mind there is often little know- 
ledge of the distinctions between spiders and in- 
sects, although the class Arachnida (to which the 
spiders, but not the insects, ^belong) contains 
several orders, such as the scorpions, that are 
closer akin to the spiders than are the insects 
Most of these are so distinct in superficial appear- 
ance that there is little probability of their being 
mistaken for spiders. 

If one will remember that spiders have four j 
pairs of legs, apparently no antennae, and that 
their head is not separated from the thorax by a 
neck-like constriction, there need be no trouble to 
distinguish them from insects; which have three 
pairs of articulated legs, one pair of antennae, and 
head and thorax separated by a distinct “neck.’’ 
In the class Arachnida, spiders may be easily 
separated from other orders by -femembering that 
thorax and abdomen are separated by a short, 
slender stalk, and the' abdomen is not segmented. 
In their nearest relatives, the mites, the thorax 
and abdomen are fused and sack-like. 

Since very early times many people have looked 
upon spiders with unfounded dread and super- 
stition. During the^ medieval period, “Tarant- 
ism,” a contagious disease that was common in 
Southern Europe, especially Italy, was believed 
to have been started by the bite of a spider. The 
victims of this disease were possessed with an un- 
controllable desire to dance. In our own day and 
among our own people it is not unusual to blame, 
the bite of a spider for swellings or itchings of 
unknown origin, but when questioned the sufferer 
is invariably unable to give other evidence that 
a spider is responsible for the trouble, than the 
usual answer, “What else coifld have done it?” 
On this negative evidence the blame is fixed for 
about loo per cent of the “spider bites’^ of our 
people. 

With the possible exception^ of a single species 
in our Southern States (Lactrodectiis mactans^ a 
jet-black spider with markin’gs.of yellow or red), 
and the, true * tarantulas of the South-West, it 
seems safe to accept that there are no spiders in 
our country whose bite need be in any way feared. 
The writer has handled large /numbers of our 
native spiders, as w^ell as (during excursions in 
the tropics) hundreds of the '^nana tarantulas,” 
which are not true tarantulas, but harmless spiders 
of. a different family. True tarantulas may some- 
times, however, be found in banana bupches. In 
no case has the writer beefp tetten, and frequent 
attempts to induce spiders to the tender skin 
between his fingers resulted ^in failure. Others 
who have made this experiment with success 
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that the w’ound inflicted is no more painful thaj 
a slight prick with a needle. That spiders do in 
ject a virus into their victims is indisputable, bu 
it is in quantities sufficient only to paralyse a] 
insect. Besides, is is injected so slowly that little 
if any, could be secreted during the short interva 
that the “jaw^s” remain in the wound of an anima 
as large as man. 

Slider Web. — All species of spiders are capabl 
of spinning web, though far from all spin orbs o 
sheet-like webs for entrapping prey. Many specie 
only throw out a “drag line” as they move fron 
place to place, or drop from surface to surface 
and never spin a more complex web, except ii 
wrapping their egg masses. 

The web material, or silk, is produced in larg 
glands within the spider’s abdominal cavity, h 
the glands the material is liquid or mucilaginous 
but (except certain parts of the viscid silk) im 
mediately hardens on exposure to the air. Fron 
the glands it passes to the exterior through sill 
ducts, which often open on movable, finger 
shaped “spinneretts.” 

In all, spiders produce seven distinct kinds o 
silk^ some thread-like, some band-like, som< 
viscid, some dry. Though most spiders secreb 
more than one kind of silk, and some spider 
secrete several kinds, no one spider secretes al 
seven. Each kind of silk originates in its owi 
distinct glands and passes to the exterior througl 
its own opening. (A careful and interesting 
account, written in n on-technical language, of thi 
habits, anatomy, and classification of spiders, ma;; 
be found in “The Spider Book,” by John Henri 
Comstock . Doubleday, Page & Co., 1912). 

For pharmaceutical preparations an attempt h 
made to collect the sheet-like webs of Cora, 
medicinalis (Tegenaria medicinaUs) from th< 
corners of rooms in warehouses and kindrec 
places. It is probable, however, that the webs o 
the several species of dwelling-inhabiting spider; 
enter into all pharmaceutical preparations of web 
No collector of webs could be expected to posses; 
technical knowledge sufficient to enable him tc 
distinguish species. If he should possess the re 
quired knowledge, it would be impracticable fo' 
him to take the time to apply his training for th< 
examination of each web collected. Nor is then 
need for such discrimination. No reason why th< 
web of one* species of dwelling-inhabiting spide 
should be of different therapeutical qualities fron 
another, has ever been recorded. 

We do not know that a chemical analysis o 
spider web has ever been made. Tests givei 
pharmaceutical preparations, however, show ai 
absence of sugar, but give a slight reaction t( 
Mayer’s test for alkaloid. This is true also o 
tincture we have prepared from fresh web. Th< 
therapeutic value of the preparation may be ii 
part due to this alkaloid. 

In the present-day praqtice of medicine the largi 
spiders of the sub-family AvictdaTtime ^ commonly 
known as “tarantula^/! pi *T>ird spiders,” are em 
ployed by Homoeopathic physicians. Under ihi 
name of My gale lasidpra ihe Pharmacopoeia 0/ ih< 
Aitmrican Instithte of ilpmceopathy, P- 4^^ 
gives directions for pM^ring the tincture of thi 
“whole ^spider.” Qth^ Veferences to the prepara 
tion and use of’ Itarantula) are giyem .ip 

Allen’s ^ateria 

voh vi,, and elsev^We. , ; , 





164 


Spiders Used in Medicine 


'Chemical 


l» Yd2X 


Sfider and Spider Web in Medicine , — At least 
since the time of Pliny (first century A.D.) litera- 
ture on medicine abounds in references to the use 
of spiders and their webs. The ideas of most of 
the old authors concerning the medicinal use of 
spiders, as may be noted in the following quota- 
tions, seem little more than “charm medicine” or 
superstition. Let us quote : 

Spiders. “The fiy-catching spider, wrapt in a 
linen cloth and handed on the left arin, is good to 
drive away a Quotidian, saith Trallianus (sixth 
century, A.D.). But better if any of them be boiled 
with oil of bay to the consistence of a liniment; if 
you anoint the arteries of the wrists, the arms and 
temples before- the fit, the fever abates and seldom 
comes again. Koronides or Kora^tus (King of 
Persia, who wrote a work on natural history). 
A spider bruised with a plaister and spread on a 
cloth and applied to the temples, cures a tertian. 
Dioecorides (first or second century, A.D.). The 
spider called Lycos, put in a quill, and hanged 
on the breast doth the same, Pliny (first century, 
A.D.). That house spider that spins a thick fine 
and white web, shut up in a piece of leather or a 
nut-shell, and hanged to the arm or neck, is 
thought to drive away the fits of a quartane. 
Dioscorides saith he proved it to be true. Three 
living spiders put into oil, let them presently boil 
on the fire, drop some of that oil warm into the 
ear that is in pain, and it profits, much. Or press 
out the juice of spiders with juice of roses, and 
put it in with wool. Marcellm Empiricus (380-408, 
or later). Pliny bids infuse them in vinegar 
or oil of roses and stamp them and then drop some 
into the ear with saffron, and it will still the pain 
certainly : Dioscorides affirms aa much. S&fratm 
. , . saith^ that Cranacolapsus (a certain spider) 
drowned in oil, is a present remedy against 
poisons, as the Scholiast of Nicander (second cem 
tury, B.C.) professeth. Aetius (about 500 a.d.) for 
suffocation of the mothers, applied a cerate of 
spider to the navel, and said it did great good.” 

Spider Web. “The spider^s web is put into the 
unguent against Tetters, and applied to the swell 
ings of the fundament, it consumes them without 
pain. Marcellus Empiricus. Pliny saith it cures 
runnings of the eyes^ and laid on with oil, heals 
up wounds in the joints. Some rather use the 
ashes of the webs with Polonia and wine. Our 
chirurgians (surgeons) cure warts thus : ' The> 
wrap a spider’s ordinary web into the fashion of 
a ball, and laying it on the wart, they set it on 
fire, and so let it burn to ashes, by .this means the 
wart is rooted out by the roots, and will never 
grow again. Maroellus Empiricus was wont to 
use the web of spiders found in the Cypress tree 
in a remedy for the Gout to ease the pains.”— 
Mouffet, ^The Theater, of Insects,” 1858, p. 1023, 

A few of the early writers, like Antoninus Pius, 
and more during the medieval period, used the 
web to stop the flow of blood. For this purpose it 
was also used by the American Indians, as well 
^ m domestic juractice, no doubt with a real value 
For example : 


(86-161, A.D.) was wont to si 
that the quirks of sophistry were like to Spide 
Webs, that had a great deal of art and ingenu: 
m but very little profit. But how often hs 
the rtm forth from the body most miseral: 
by a ft^h^ wxtod ? Yet it had been easy to ha 


stopped it by laying on a spider’s web,” — Mouffet, 
“The Theater of Insects.” 

^Telia Aranearum, Cobweb. Everyone knows 
what this is, and how produced. It appears not in 
medicinal prescriptions, but as accident, for want 
of other helps, has taught its use to common 
people for stopping blood in a fresh wound. And 
this it seems to do by its extraordinary fineness; 
which makes it adhere to, and top up the mouths 
of the vessels, so as to prevent the effusion of 
their contents.” — Quincy’s Compleat English Dis- 
pensatory, 1749. 

'^Aranearum Telae Pharm, Edinb.j Cobwebs. — 
These are applied by the common people for 
stopping the bleeding of wounds ; which the effect, 
not by any styptic power, but by adhering to the 

E art, and closing the orifices of the vessels.” — 
ewis’ Materia Medica, London, i;j68. 

“The web astringes and conglutinates, and is, 
therefore, vulnerary ; restrains bleedings, and pre- 
vents inflammation. The country people have a 
tradition, that a small quantity of spider’s web, 
given about an hour before the fit of an ague, and 
repeated immediately before it, is effectual in 
curing troublesome, and sometimes obstinate dis- 
temper. This remedy is not confined to our own 
country, for I am well informed that the Indians 
about North Carolina have great dependence on 
this remedy for agues, to which they are much 
subject; and I am acquainted with a gentleman 
long resident in those parts, who assures me he 
was himself cured by it of that distemper. And, 
indeed, experience confirms the efficacy of this 
medicine in the cure of agues.*” — James, “New 
English Dispensatory, London, 1747. 

In May, i8oo, xht mcMcadetm rnysi$ai Jowmt 
of London published a long tolDi; ORpbfett 

Jackson, calling io the attemtion o| tne prolession 
the medicinal use of spider web, or cobweb, in 
the treatment of intermitting fevers. Frequent 
references have been made to this article by sub- 
sequent publications in EuroiJe and in America. 
After Dr. Jackson’s publication, the use of spider 
web in the treatment of malarial fevers seems to 
have been neglected until about 1^5, when 
articles by Dr. L. M. Jones appeared m the 
Lancet and Observer^ Cincinnati, and in Jones 
and Scudder’s “Materia Medica,” These again 
brought it to the attention of physicians : 

“In asthma it is said to allay irritation, tran- 
quilise the system, and act like a charm. In spas- 
modic complaints bf females ; in chronic hysteria, 
and other diseases attended with morbid irrita- 
bility of the nervous system, it has been advan- 
tageously employed. Dr. Webster, of Boston, 
has found it beneficial in rheumatic affections ox 
the head, asthma, and chronic coughs. He says 
it produces a pleasant delirium and exhilarating 
effects resembling the nitrous oxide gas. Dr. 
Gillespie used it in obstinate intermittents success- 
fully, after other remedies had proved ineffectual. 
He thinks it more effectual than hark, arsenic, 
I or any other remedy he has employed. 

Dosev — Qr. v to vj, in pill; repeat every three 
or four hours. Dr. Jackson thinks a dose of gr. 
v produces nearly the same effects as one of gr, 
XX.” — Jones and Scudder’s “Materia Medica.” 

After the articles" by Dr. Jones, the use of web 
gained constantly, in the favour of many physi- 
cians. Present-day literature contains numerous 
testimonials to its pse in the treatment of inter- 
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mittent fever, and in diseases of sudden appear- 
ance, when there is a tendency to congestion, with 
cool clammy skin^ cool extremities, and cold per- 
spiration. 

Among the patients of the late Dr. L, A. Perce, 
of -Long Beach, California, were many tourists 
afflicted with malaria. Some, of these had been, 
to use his words, “dosed withmuinine until it had 
lost its effect.” For such patients he states that 
he employed tincture of “Tela Aranese/ with grati- 
fying results. 

Until comparatively recently, as already stated, 
the web was administered in the form of pills, 
instead of in the alcoholic pharmaceutical pre 
paration, “Tela Araneae,” of the present day.— 
American Journal of Pharmacy, January, 1921.. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIFTY. 

March 17, 

Prof. C. S. Sherrington, President, in the Chair. 

The following ps^rs were read : — 

of the flight from the Night SkyP 

F'.E.a 

To get info'rmation as to the chromatic character 
of the light from the sky at night, photographic 
exposures were made under colo-ured media 


J^The Dissipation of Energy in Pernhaneni Ocean 
Currents, with some Relations between Salinities, * 
Temperatures, and Currents^ By R. 0 . STREET. 

On the assumption of slow non-turbulent motion 
a formula for the mean rate of energy dissipation 
in permanent ocean currents is obtained, which 
when integrated over the whole of the oceans, 
gives a dissipation at the mean rate of approxi- 
mately 3 X ergs per second. Simple relations 
betw^n the strength of the current and the 
salinity and the temperature of the water are also 
found; and it is shown that, even with the scanty 
data available, satisfactory estimates of the cur- 
rents in mid-ocean can thus be made. 

^^Tke Vacuum Arc Spectra of Sodium and 
PotasstumP By S. Datta. 

Definite improvements in the measures for the 
spectra of sodium and potassium have been ob- 
tained by the use of sodium and potassium vapour 
lamps as sources. The lamps were excited in the 
manner described by Lord Rayleigh in his 
Bakerian Lecture in 1919, and they gave extremely 
narrow bright lines, such that the term diffuse, 
as applied to one of the series, becomes a mis- 
nomer. With potassium, an interesting combina- 
tion pair indicating satellites to the diffuse 
series has been observed. The presence of potas- 
sium in the sun has been established, and some 
additional sodium lities have been identified with 
solar lines. 

^^Eeats of Combustion and Formation of Nitro- 
compounds, Fart L — Benzene, Toluene, Phenol,^ 
and M ethylaniline Series. By W. E. GARNER and 
C. L. Abernethy. 


selected for isolating various parts of the spec- 
trum. By comparing the photographic densities 
obtained, it was concluded that the night sky was . 
much yellower or less blue than the (clear) day 
sky. Comparison with direct sunlight or moon- 
light showed that the night sky was of the same 
quality as these. 

Visual comparisons through coloured , films 
showed that a blue film, which was equally bright 
with a yellow one against the night sky, was 
brighter against the twilight'" sky. These com- 
parisons were not embarassed' by colour differ- 
ences, because the light y^aS'SO faint Jis to give 
purely monochromatic vision. The two films 
taatched one another equally well, whether they 
were seen against the Milky Way or against other 
parts ^ of* the sky. In the photographic work no 
special attention was paid to this point, the ex- 
posures being made to a considerable area of sky 
arqund the zenith: The diurnal motion, of 
course, brought successive areas of the sky into 
action during the long exposures. 

'.One theory the digat of the'uight sky attributes 
it to sunlight 'scattered by a very rare gaseOus 
atmosphere, situated so h^gh^;'Up as to be outi^de 
the earth^s shadow ^ ^ The * >i^eent observuti^h^ 
are contradictory of this Which 

quire the night sky to haYe* filie Same , 
the day sky^ ’ m 

The requirements, as regaJed^ colour an<i * 

isation of light, would be aa^i^ed if we 
it as coming from hn^wre^^fks^ed ha^isgro^d of 
stars. They would equally I ter re>, 

garded it as to 


The adaptation of aromatic nitro- compounds as 
explosives for military purposes has necessitated 
a close investigation of certain of their properties, 
of which sensitiveness impact; stability, and 
power^are the most important. These properties 
are, however, fundamentally related to the heats 
of formation and heats of combustion of the 
various compounds, and as but few systematic in- 
vestigations had been made of these constants, 
a more complete study 'has been attempted. 

In this paper, the he^s of combustion of all the 
isomerides of the mono-, di-, and -tri-nitro 
toluenes, and of the mono-, di-, and tri-nitro ben- 
zenes, together with a number of nitroderivatives 
of pheno} and ipethylaniline, have been deter- 
mined^ and the heats' "df formation and nitratipn 
caicalaled .|^5iesfro®a.^ . iTl^ heats of formation 
land bf ^ the isomerides of ^ the di- and tri- 

nitno - Wtuenes , and benzenes dhow considerable 
variatiprr,^ th^ yalues tending to a minimum when 
the -aitro-groups' are adjacent to one another or to 
a methyl ^oupv An empirical relationship has 
been estahli$hea the heats of formation, 

and the orientamh of . ^tne nitro groups,* which 
holds approximate>y fof tthese comporuids-- ' ? - « , 
The heats of formatpn in. 
a the introducthm of fthe 

^ l®gkh»mum being- reached^ m 
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parallelism between these derivatives of phenol 
and methyl aniline is very marked. 

The high heat of formation of picris acid, 63*3 
cal /mol j as compared with that of tri-nitro 
toluene, 29'! cal /mol, provides an explanation for 
the very similar heats which are liberated in the 
detonatiOri of these substances. ^ The lower oxygen 
content of tri-nitro toluene is counter-balanced 
by its lower heat of formation. For a similar 
reason the unsymmetrical isomerides, though less 
stable and more sensitive than the symmetrical 
forms, should be more powerful explosives, 

^^Tke Catalytic Dehydrogenation of Alcohols,'^ 
By E. K. Rideal. 

Application of the approximation formula of the 
Nernst heat theorem to the equilibria 

C,H,0H:^CH3CHQ+H, and 

(CH,).CH0H;J: (CH,),C0+H. 

indicates that the dissociation constants should 
vary extremely rapidly with the temperature. 
The variation of the constants with the tempera- 
ture was determined experimentally by means of 
a constant volume gas thermometer containing re- 
duced copper as catalytic material. The velocity 
of decomposition of the alcohol at the surface of 
the ^ solid catalyst was found to be much more 
rapid than the reverse bimolecular reaction. Con- 
cordant values for the equilibrium constants at 
various temperatures could only be obtained at 
low pressures. At elevated pressures and at high 
temperatures various secondary reactions occur 
which appear to be irreversible under the experi- 
mental conditions. 

In the case of ethyl alcohol the value of Kp was 
found to vary from 0’44 10-4 at 125° C. to 0*9 j 
at 27s® C. j for isopropyl alcohol the respective 
values were found to be tHz io *“3 and 12*00 res- 
pectively. 

The value of a U, for the dehydrogenation of 
ethyl alcohol was found to be 11,500 cal. per grm. 
molecule, whilst the value calculated from the 
mean of the published values of the heats of com- 
bustion "was found to be 10,700 cal. For isopropyl 
alcohol aUo w*as found to be 20,100 calories per 
grm. mol. 


SOCIETY OF GLASS TECHNOLOGY. 
The March meeting of the Society of Glass 
Technology was held in Newcastle-on-Tvne on 
Wednesday, March ib, 1921. In the forenoon, 
by the courtesy of the directors, a visit was paid 
to the w^orks of Messrs. Lemington Glassworks, 
Ltd,, Lemmgton-on-Tyne. The party was con- 
veyed to and from Newcastle by char-a-bancs, also 
also ^ kmdly provided by the Directors. At 
Lemington, members were met bv Mr. C. Wilson 
1 Director) and Mr, W, W, Warren, 

A.M, LC,£, A.MT.E.E, (General Manager) A 
most interesting time was spent watching the pro- 
cesses in the manufacture of electric lamp bulbs 
tubing. Of special interest ’were the 
Westlake marines. This is an American automa- 
,40 bulb-blowing machine, capable of turning out 
bulbs hour. The workmen call it the "Iron 
mn. As. the hand process, was also in opera- 
tion close bv, the contrast between the two 


methods was the more striking. , Messrs. The 
General Electric Co., Ltd., London, are the pro- 
prietors of the Lemington Works, the bulbs being 
sent to London to be completed. 

Prior to the afternoon meeting, members of the 
Society were the guests at luncheon of the direc- 
tors of Messrs. Lemington Glassworks, Ltd.^ A 
most enjoyable time was spent Mr. C. Wilson 
presided, supported by Prof. W. E. S. Turner, 
Dr. Travers, Mr. W. W. Warren, and a number 
of local glass manufacturers. Replying to a vote 
of thanks proposed by Dr. M. W. Travers, Mr. C. 
Wilson observed that apart from Lemington, the 
British glassmaker had hardly produced a bulb 
worth the name. He believed there was a hne 
future before the trade if only glassmakers would 
realise that they could not continue to work by 
rule of thumb, but must adopt the most scientific 
methods. The trade was bound up in science, 
and glassmaking was becoming more and more 
an engineering problem. It was also necessary 
that the workmen should realise that the success 
of the trade depended upon them as much as upon 
the employer. Mr. W. W. Warren also spoke 
eulogising the Westlake machine. He said he 
and his staff were out to make their works as 
efficient as any on the Continent or in America 
He claimed that they had already gone a long 
way towards attaining that object. 

Prior to the reading of the papers at the after- 
noon meeting, the Chairman, Dr. W. M. Travers, 
paid a tribute to the work of the late Lord 
Moulton. Just a few days before his death. Lord 
Moulton had agreed to preside at the Annual 
Dinner of the Society to be held at the Hotel 
Cecil, London, on the evening of Wednesday, 
April 20. It was resolved unanimously tHa| fthe 
Society record on its Minutes its appreciation <of 
the great services rendered to science by Lord 
Moulton, and a vote of condolence with his family 
was passed^ the members standing to record their 
sympathy in silence. 

The folio win papers w'ere read : — 

^^Note OH the Corrosion of Fireclay Refractory 
Materials by Glassmaking Materials F By Doi^At>D 
Turner^ B.Sc.Tech;, and Prof. W. E. S. Turner, 
D.Sc, 

The research in question, said Prof. Turner, 
was an attempt to obtain information as to the 
relative attack of batch materials on fireclay re- 
fractories* The results were of much interest, 
and scarcely in keeping with some traditions. It 
was found that even at 800°, soda ash attacked 
fully-burnt fireclay, and particles of a certain size 
lost between u and 18 per cent of their weight in 
the space of three hours. Again, whereas soda 
ash was so corrosive, saltcake was not near^y so 
active, and in comparative tests took up no more 
than 1 per cent of the fireclay at 800®. The re- 
sults indicated that the temperature of decom- 
position of the alkaline salts influenced their 
corrosiveness, thos^' decomposing at lowe.st tem- 
peratures, such as nitrates, being most corrosive. 
The need of thorough batch mixing was also em- 
phasised, as any segregation of the alkaline 
made it more likely that corrosion would occur. 

^'‘The Clouding of^dassF By M. W. TrayerS. 
D.Sc., F.R.S. 

This research was intended to determine the 
causes of the clouding of soft soda glass dtiring 
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lampworking op^^rations a short distance from the 
hottest zone. He showed that when pure hydrogen 
and air were used there was no clouding effect, 
and hence came to the conclusion that some im- 
purity in the gas was an important factor in caus- 
ing clouding. Further experimeniS showed that 
sulphur dioxide urhen present in the gas in more 
than a very small proportion, was the chief factor 
in producing this effect. Theoretical considera- 
tions also pointed to the probability of sulphur 
compounds being the cause of clouding, and 
some figures obtained by using Nernst^s heat 
equation agreed very closely with the results ob- 
tained experimentally. In one experiment, pure 
sulphur dioxide was passed through a tube heated 
by a bunsen flame. No fogging occurred until 
the tube had cooled. 

The lecturer pointed out that the cure for the 
defect seemed to lie in the purification of the gas 
used. He referred to the work of Dr. C. Car- 
penter, of the South Metropolitan Gas Co., who 
passed the gas through an iron tube containmg 
clay balls soaked in nickel salts. The reaction 
that followed was represented by the equation 
CSa3H, = CH«H*S. 

In the course of the discussion that followed, 
Mr. W. W. Warren remarked that one of the 
difficulties encountered in the use of the Westlake 
machine was the effect of sulphur in the working 
pot A ’virhite splotch was produced on the glass 
which made the bulb unusablei 

Mr. F, F. S. Bryson, Physicist to the Glass 
Research Association, said that that Association 
had also been considering the same problem, and 
had been in communication with Dr. Travers on 
the matter. He exhibited a number of lantern 
slides in which the effect in question was well 
shown, Mr. E. A. Coad-Pryor, Mr. Marden, and 
Prof. W* E, S. Turner also took part in the dis- 
cussion of the papers. 

Owing to lack of time, the last paper on the 
agenda, namely, “The Shrinkage, Porosity, and 
Density of British Fireclays after Firing at 1500® ” 
by Edith M. Firth, B.Sc., and Prof. W. E. S. 
Turner, D.Sc,, was postponed to another meeting. 


NOTES. 

Catalytic Decomposition of Chloracetic 
Acids, — Whereas catalysis gives cetones with 
acids, chlorinated cetones are not obtained with’ 
chlorinated acids. — Whether thonne, kaolin, or 
bone black be employed, the mixture HCI, CO, 
CO2, and C, is produced with monochloracetic 
acid. With trichloracetic acid bone black gives, 
^at 250° G., chloroform and CO*, chloral did not 
give chloroform with CO, as might have been 
expected. — Commies RenduSj January ^7, 1921. 

Cheap Manures for the Farmer -An import-, 

ant arrangement which wiB have cbnsiderable 
bearing upon prices and supplies of a:rtifioial{ 
manures next season has jusi^^beeii completed be-^ 
tween ’ the Phosphate Commissioners, in conjunc- 
tion with the Ministry of Agriculture, and Mr. 
George. V. Packer, acting opvbehalf of the. South 
Wales Basic Slag Company, Ltd., which is closely ^ 
allied with the w^ell-known steel fiu^as o|’ Messrs. f 
Bjal^wins, Ltd., tind Messrs.^: W. Gilbeitsoh ^ Co , 
Ltd. It will be remembered that the for 

the administration of the Island of for- 

merly owned by Germany, was conferred upi^tlie 
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British Empire, an Act of Parliament was ulti- 
mately passed by which the United Kingdom was 
entitled to 42 per cent of the yearly output of 
phosphate produced in the island. Mr. George 
V. Parker has acquired the whole of this allo- 
cation of 42 per cent of the output of phosphate 
rock from Nauru. Although the purchase price 
is not stated, the amount involved constitutes by 
far the largest transaction which has taken place 
m the history of the British fertiliser industn^, 
the previous largest deal haVing been in Florida 
phosphate lock, which was purchased^ by the 
British Government during the war. It is antici- 
pated that some 180,5)00 tons of high-grade phos- 
phate rock will be shipped during each year, and 
the material will be delivered to various ports 
here, from which it will be distributed throughout 
the United Kingdom, By arrangements with the 
Ministry of Agriculture, a proportion will be sold 
next season as basic phosphate, at under 3s. per 
unit of phosphate of lime, delivered to farmers’ 
stations. As the present quotations of phosphate 
lime range from about Ss. to 6d, per unit, 
it would seem that the Government pledge of 
cheap phosphatic manures for the farmer, as the 
outcome of the acquisition of Nauru Island, is at 
long last going to be kept The first consign- 
ments of phosphate rock from Nauru are expected 
to arrive in this country in June and July^ and 
already one-third of the next six months’ produc- 
tion has been contracted for. 
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OVERGROWTHS ON DIAMOND.* 

By J. R, SUTTON. 

(Concluded from p. 162.) 

I HAVE observed the phenomenon of the super- 
imposition of a deep indented triangle over a 
shallow-seated spot or spot area once or twice 
before, and thought that it could be explained as 
mere coincidence. The case of the above- 
mentioned Bultfontein stone nevertheless makes 
it pretty certain that spots may on occasion in- 
terrupt the orderly rate of crystallisation, and 
hence that they are not likely to be action centres 
of growth themselves. 

It is quite on the cards that a competent study 
of the black incrustation and the black spots may 
yet explain a great deal that is yet unknown about 
the diamond made and so justify the use of the 
name. For the majority of macles are spotted — 
some in the composition plane — as it is not quite 
accurately termed, seeing that the seam is not as 
a rule a plane at all — others in most remarkable 
streaks along the grain, and yet others in both 
ways together. The streaks running along the 
grain — in the dodecahedral cleavage planes — 
are very common in macles, and practically non- 
existent in simple crystals. Some macles display, 
indeed, saving for a comparatively clear space in 
their centres, almost as much streak as diamond. 
Granting, for argument, that the streaks are 
graphite, they show at least that macles must have 
grown in a more graphitic environment than 
simple crystals did. It is not meant by this that 
the graphite must have forced the macling, for 
many macles are quite free from streaks and spots 
too, but that the two sorts of conditions were un- 
like under which macles and simple crystals came 
into being, conditions perhaps in which the pro- 
duction of graphite was more favourable than it 
was elsewhere. In this connection we may ob- 
serve that the blue grounds of the Premier and 
Jagersfontein Mines are reported to yield a large 
percentage of macles and much graphite. 

Falling within the category of coated diamonds, 
thopgh not in the market sense, are the occasional 
irregular crystals upon whose surfaces thick coat- 
ings of a kind of grey bdrt have been deposited. 
This bo<rt might to all appearance have been put 
on in the form of a wet paste, with a spatula, 
and then dried hard, Stich specimens as have 
come to light have never been completely covered 
by the bort, although there are pieces of the bort 
which look as if they may have diamond within. 
This kind of bort overgrowth is not commonly 
found on a natural crystal face, but rather on 
'what appear to be faces of arrested growth, say 
on surfaces of attachment, and may be material 
which has flowed into and filled the interstices 
between the diamonds of a cluster, at any rate it 
simulates that effect. A Dutoitspan flat diamond 
which was found recently had such a surface of 
covered with bort, and on the surface 
of the bortp which was much pitted, there were 
numerous tiny black particles — whether of graph- 
ite or of amorphous black diamond could not be 
determmed—filling the pits. The bort over- 
growth here spoken of forms a link between com- 
mon grey bort and the cement-like stuff of tho 
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next section, merging by insensible gradations 
from the one into the other. 

The Hailstone Structure, 

Unequivocal proof that the crystallisation of 
diamond is by no means necessaiily a rapid and 
continuous process is supplied by the diamonds 
which .in a previous paper have been likened to 
hailstones (“Some Controversial Notes on the 
Diamond,” Trails, R,S,S.A,j 1920, viii., 129). 
Such diamonds are common enough, although 
they^ do not seem to have attracted much attention. 
Typically they consist of w’hat looks like a kind 
of hardened and more or less porous paste, super- 
ficially not unlike Portland cement, alternating 
with layers or shells generally of curvilinear sec- 
tion of clouded crystal diamond. Sometimes the 
core is diamond ; now and then it is diamond with 
a small central spot of some cognate material; 
often it is an irregular lump of cement alone so 
far as one can judge of its interior without break- 
ing it open. When the outermost layer is cement, 
the specimen is shapeless; when it is diamond it 
tends to* a diamond contour — cube, octahedron, or 
dodecahedron-~and it is usually much cracked. 
Naturally it is only in the broken specimens that 
the structure is revealed. The condition o-f the 
specimens indicates a higher co-efficient of expan- 
smn for the cement than for diamond; unless 
the cement is subject to secular shrinkage, which 
on various grounds is not altogether improbable. 
The colour of the cement varies from light to dark 
dirty-grey. It is much softer than diamond, 
writing a light grey streak on black amorphous 
bort. The denser pieces have a somewhat higher 
specific gravity than pure diamond ; a lower speci- 
fic gravity suggests porosity. Like diamond, the 
cement is insoluble in acids. 

On account of the theoretical importance of 
these hailstone-like overgrowths, I venture to 
attempt a description of some characteristic forms. 
The majority are from Bultfontein. 

!. A broken piece showing an irregular core of 
light grey cement, surrounded by a thin shell of 
diamond, then a thin shell of cement, the whole 
enclosed in a thicker shell of diamond of irregular 
outline. Weight 4*5 carats. 

2. An irregular lump showing no trace of cry- 
stal diamond. A crater-shaped hole in a project- 
ing corner contains a tiny fragment of bright 
green mineral, probably chrome diopside. 0*5 
carat. 

3. A broken piece with a dark grey cement in- 
terior surrounded by a confused mixture of light 
grey cement and diamond. 07 carat. 

4 ‘ A flat piece showing a centre of clouded 
crystal diamond surrounded by an inner ring of 
black crystalline diamond, and an outer ring of 
li^ht grey cement. The original stone, of which ' 
this is a fragment, must have been roughly spheri- 
cal. O’ 5 carat. 

S' cleavage fragment showing a hexa- 

gonal flake of clouded and spotted diamond with 
an outer crystalline shell of a composition 
apparently intermediate between diamond and 
cement. This specimen is of further interest as 
showing dodecahedral cleavage with the dode- 
cahedral striations. i carat. 

6. A flat cleavage fragment in plan something 
hke the section of a pear cut parallel to the stalk. 
This has a crystalline core, surrounded bv cement 
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then a thin crystalline shell, then a thicker shell 
of cement intersected by a portion of a very thin 
crystalline shell following the contour of the first 
for about a quarter of the way round its perimeter, 
and lastly, a crystalline casing. 0*2 carat. 

7 A broken-off co'mer consisting of a black 
crystal interior surrounded by alternate shells of 
cement and diamond. Three more or less com- 
plete shells and four cement ones may be counted. 
0*2 carat. 

8. A fiat fragment consisting of a crystal cen- 
tral portion surrounded by four concentric shells 
of about O' 5 mm. thick, two of light-coloured 
cement, and two of crystal. 3 carats, 

9. A fiat fragment broken from one end of 
what, to outside appearance, must once have 
looked like a cube of highly crystalline bort, A 
scraping of the broken face with a knife-blade 
indicates that it consists of numerous exceedingly 
thin successive overgrowths of bort and cement. 
2 carats. 

10. A somewhat hemispheiical piece. The 
central crystal core is surrounded by no less than 
17 alternate concentric rings of light grey cement 
and black crystal diamond. 0*4 carat. 

11. A pyramid consisting of half of a ‘^rounded 
octahedron.” The edges, where dodecahedral 
striations would emerge on ordinary diamonds, 
are here of cement Rather it looks like a piece 
of octahedral cement with projecting grey crystal 
bosses on the triangular faces, thus inclining the 
form to that of the plus and minus tetrahedral 
twin. 0*8 carat 

12. An irregular lump of cement to outside 
appearance. When first seen it was pitted with 
small elongated holes as though it had been 
prodded with the point of a pen-knife. At the 
time of writing it is scored over much of its sur- 
face with deep meandering cracks which either 
are (and look like) shrinkage cracks, or were there 
all the time, but hidden by being filled up with 
cement which afterwards fell out. 2-7 carats 

13. A fragment similar to No. 10, excepting 
that it has rather fewer shells, has an outer coat 
of shiny bort, and gives the impression that the 
fractured face showing the shells has been glazed 
over with a vitreous layer and polished. The 
outer contour is that of the ‘cube carrying the usual 
well-defined square indentations. Unlike most 
hailstone forms, which cleave in the dodecahedral 
plane, the fractured face of this specimen lies in 
the octahedral plane. o'5 carat. 

Mr. J. PariT has kindly analysed two small dia- 
monds carrying this cement crust. It was not 
possible to separate the diamond from the cement, 
consequently the specimens had to be treated en- 
tire. They gave only the familiar indication for 
iron, and a rather stronger one for magnesia, 
The actual proportions of thesfe elements in the 
cement itself cannot, of course, be determined 
until a large enough sample can be procured 
separate. Meanwhile, it seems reasonable to in- 
fer that the comparative softness of the cement 
is due to the magnesia, seeing that a considerable 
admixture of iron with diamond stewartite) 

does not diminish the hardness at all. 

La7nhiat€d> Diamonds. 

Laminated diamonds are very common. In on^ 
sense they appear to be examples of the general 
phenomena, of overgrowths, and for that reason 
are included in this paper. 


Suppose a model octahedron of glass tO' be split 
parallel to a pair of opposite faces into a number 
of thin laminae; next the laminae to be sealed to- 
gether in their original positions by means of a 
transparent cement slightly harder (or slightly 
less solvent) than the glass; and lastly the edges 
of the octahedron to be abraded (or disol ved) 
away. The layers of cement being more resistant 
than the glass will stand out in slight relief as the 
attack proceeds. 

Next let the same octahedron of glass be split 
again into thin laminse parallel to another pair 
of opposite faces and the ecmenting and abrading 
(or dissolving) process repeated. We shall obtain 
another set of layers protruding in relief and inter- 
secting the first at a constant angle. 

Finally, let the series of operations be repeated 
for laminae parallel to the two other pairs of oppo- 
site faces. The whole octahedron will now be 
spaced out into a device of small octahedra, mark- 
ing Its faces with a network of flush interlacing 
equilateral triangles, showing in relief on the re- 
duced edges. 

Laminated diamonds are exactly like this. The 
laminae are sometimes as thin as paper; more 
often they are in the vicinity of half-a-millimetrt 
thick. They are not hemitropic. They alter the 
overall contour of a crystal very little, differing 
essentially in this respect from the made, but on 
the other hand they modify the surface detail to 
some extent. The layers corresponding to the 
cement layers of the hypothetical glass model 
always protrude where they show themselves, and, 
as a rule, they may be easily felt with the finger- 
nail or with the edge of a knife. A formal 
analogy will be found in the octahedral structure 
of iron meteorites, wherein kamacite stands for 
the glass, and the less easily dissolved taenite 
for the cement. 

The iaminm scarcely ever manifest their exist- 
ence save on the well-developed somewhat 
coarsely rilled faces of the rhombic dodecahedron 
or tetrahexadron. On octahedron faces they are 
rarely seen, as also on the finely-grained rounded 
edges of the octahedron (which are embryo 
dodecahedron and tetrahexadron faces). On 
octahedron-dodecahedron combinations they may 
be traced all ro-und a sfone excepting where the 
octahedron faces interrupt. The intersections of 
the laminae with the octahedron faces, however, 
are often indicated by an array of indented 
triangles. 

In the majority of cases only one set of parallel 
laminae appear on any one diamond. When two 
sets appear, intersecting on a solution face, one 
set is nearly always mdch more prominent than 
the other. An examination of a great number of 
laminated specimens has only determined a very 
few — and some of these doubtful — with more than 
two sets of laminae in one stone. 

In Fig. 1 1 . I have attempted to depict a lamin- 
ated octahedron-dodecahedron combination from 
Wesselton, showing two sets of laminae. It is one 
of the rare cases in whiqh the edges visibly cut the 
octahedron face. Though some relationship be- 
tween the laminae and the indented triamgles is 
shown, it is not bo palixed as in many otbe^T 
mens, wherein, while thef" edges themselves are not 
visible, their course is traced out by rows of little 
triangles, alLmuMh of *.a size, in a ro% 
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On the rotating stage under the microscope, the 
edges of the laminae give a singularly pleasing 
effect. They prove them to be more of the nature 
of steps doivn facing away from the shorter 
diagonals of the rhombic faces, than of definite 
protrusions; and their undeviatmg straightness, 
so different from the vacillating composition plane 
of the made, contrasts sharply with the rippled 
surfaces they cut. 



Geometrically, the shorter diagonal of a rhomb 
of a dodecahedron coincides with an edge of the 
derived tetrahexahedron. The same rule is 
approximately true for such diamonds as are of 
good symmetry, and are not laminated; but when 
diamonds are laminated the rule is varied, in that 
the tetrahexahedron edge tends to slant away from 
its geometrical position into parallelism with the 
edges of the laminae. This is, perhaps, the most 
important change made by the lamination on the 
aspect of a stone. 

Fersmann and Goldschmidt have described 
(“Der Diamant,” ign) three laminated diamonds, 
all Brazilian, namely : Crystal No, 26, an irregu- 
lar lump of a weak violet colour, showing lamina- 
tion in three directions; Crystal 32, a brownish 
regular dodecahedron, whose surface is covered by 
a delicate network termed of innumerable twin 
lamellae in four sets; and Crystal 33, a brown 
dodecahedron with coarse lamination. They argue 
that most diamonds may be presumed to be com- 
posed of such lamellae, and that the lamination is 
brought into view by the process of solution. 
They seem further to hold that hemitropic 
twinning is the cause of the phenomenon. It is 
curious that their drawings of crystals 52 and 33 
show the protruding edges of the lamellae as 
running nearly parallel with the edges of the 
rhombs, a feature not actually possible in nature. 
Indeed, in this respect their version of the aspect 
of 33 differs absolutely from that of Rose and 
Sadebeck, made some 40 years earlier, and which 
they reproduce for comparison with their own. 

Bouta'n also, regards these laminated diamonds 
as macles by h^itrophy. He further regards 
BrewsteFs celebrated lens of diamond as having 
been cut from a multiple twin of this kind — a re- 


mote possibility, maybe, though not quite a pro- 
bability, if only for the reason that a laminated 
stone is not likely to be transparent enough to 
serve as a good lens. 

One reason against hemitrophy is that one 
sometimes comes across laminated stones which 
could just as well be called in the French way 
“macles by penetration,” tending to conform 
geometrically to the interpenetrating twins of the 
plus and minus tetrahedra; the lamination giving 
a terraced aspect to the blunt protruding 
pyramidal bosses very like the terraced diamonds 
from Jagersfontein in miniature. Another reason 
is that lamination is limited to four definite direc- 
tions each of which is parallel to an octahedron 
face, so that in any laminated stone each multiple 
twin set intersects another at a constant angle; 
and this is the case even when the specimen is a 
made. But macles when they intersect one 
another are not limited to definite directions at 
all; their seams crossing almost at random much 
as irregularly twinned simple crystals interpene- 
trate. 

Lamination has an, intimate correlation with 
colour. With very few exceptions, all laminated 
diamonds, no matter where they come from, are 
coloured — thrown, mauve, green, or blue- white. 
Slight lamination may also be seen once in a way 
on poor cape-white diamonds, and on poor yellow 
ones. Refiexively, nearly every brown, and 
nearly every mauve, dodecahedral diamond, either 
made or simple crystal, whether the tint be light 
or dark, is plainly laminated. (The featureless 
brown aiamonds of resinous lustre from South- 
West Africa do not show lamination so qfteu as 
brown diamonds from other sources. For l 3 mt 
matter South-West African diamonds seldom show 
any surface detail^ at all to speak of, saving either 
an exceedingly high polish or a roughening due 
perhaps to* wind erosion), So are most blue- 
whites when they are of a milky transparency or 
when their tint inclines to mauve. Lamination 
also occurs among the green diamonds from the 
Rand banket. 

Hitherto 1 have only succeeded once ia 
signs of lamination in the interior of a diiimom.' 
This was in an ugly dark-brown brilliant! in which 
the lamellm were marked out in alterp^ating lighter 
and darker brown streaks. A fair inference seems 
to be that a diamond goxn^ dpi general through 
stages of growth and qui'es<^3:lce may, during the 
latter, become oov^w . colouring matter 

which is enclosed in a latfer growth. The apparent 
uniform tint of the final whole stone will be 
largely a refraction effect (like the grey colour 
imparted to coated stones by indefinitely thin 
layers -of tiny black spots), and is the happier as 
the laminae are thinner. Thus the colouring 
matter is an overgrowth which establishes the 
lamination. There is no doubt that Heddle when 
he alleged the disseveration of 'Opiate diamonds'^ 
(“Ency. Brit,,” gth Ed., Art. “Mineralogy”), w^s 
confounding the mythical bursting of .smoky 
stones with the lamination of brown ones. 

{Addendum.^While the above paper was going 
through the press I had the good fortune to see 
a most important specimen of diamond embedded 
in calcite, found by Mr. J, T. Vigne in the work- 
ing over of some old Kimberley lumps. The dia- 
mond appears to be of about f-our carats, and the 
■ enclosing calcite perhaps five carats. The dia- 
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mond has evidently not been squeezed into the 
calcite, but has acted as a nucleus upon which 
the latter has crystallised. Mr. J. Stewart has, 
also, given me a portion of a beautiful shell of 
calcite taken from a Wesselton blue-ground dia- 
mond. The interior faces of this shell have 
acquired, fiom their intimate contact with the 
diamond, an almost perfect adamantine lustre). 


FURTHER STUDIES CONCERNING ' 
GALLIUM. 

Its Electrolytic Behaviour, Purification, 
Melting Point, Density, Coefficient of Ex- 
pansion, Compressibility, Surface Tension, 
AND Latent Heat of Fusion:* 

By THEODORE W RICHARDS and SYLVES ER BOYER. 


/. Electrolytic Behaviour. 

Introduction —The study of the electrolytic 
behaviour of gallium naturalh had precedence in 
this investigation, because this behavioui had an 
important bearing on the preparation of the 
material needed for the rest of the w^ork. The 
earlier experimenters upon gallium commonly 
used electrolysis rather as a means of precipitating 
the metal from purified salts than as a means of 
purification; in a recent paper, Dennis and 
*haV6 pointed out the value of electroh^- 
|lad litter purpose (Dennis and Bridgman, 
Ckem. Soc.^ iQiS, xl., 1540; on p. 
1537 references to earlier work are given). In- 
dependently, we also had simultaneously thus 
used electrolysis (Richards and Boyer, ibid._, ipiq, 
xli., 133) \\'hereas the earlier experimenters 
commonly used alkaline solutions, Dennis and 
Bridgman, as well as ourselves, wwked with more 
or less acid ones, free from alkali salts, thus 
eliminating the danger of contamination with 
alkali metals. 

Although in the main the verdicts of the recent 
researches agree, several obscure points need 
elucidation before the matter is entirely consistent 
and comprehensible. The points especially to be 
investigated were the following : first, the single 
electrode potential of gallium, and secondly, the 
order of precipitation of indium, zinc, and gal 
lium, with several different current densities from 
solutions of several different acidities. 

The Single Electrode Potential of Galhmn . — 
No adequate measurements of this potential 
appear in the literature, but the element is usually 
considered as coming between zinc (0*52) and 
aluminium (ro), being nearer to that of zinc (see 
for example, Abeg’s “Handbuch der anorg. 
Chem.,” igo6, iii., [i], p. 367; Comft. Rend.y 
1875, Ixxxi, 403). This conclusion is based upon 
the earlier work of Lecoq apd Boisbaudran. ' ; 

For our measurements an accurate potentio- 
meter, standardised by means of a Weston cell, 
was used. Cadmium and zind were also mepsnred 
against a calomel electrode in order to he certain 
that the apparatus was functioning properly. The 
single potential difference of^eadmium in normal 
solution of its sulphate was found to be and 

that of zinc in normal sof^tlion of " kdphate, 
o-'52i. Hence the apparatus; was adeqnaW * 

jemmd^f^he 


was taken, in many of the trials, to have solutions 
of gallium sulphate neither basic nor with excess 
of acid, by converting weighed amounts of gal- 
lium (through the nitrate and w'eighed amounts 
of sulphuric acid) into sulphate. These pre- 
cautions were, hoivever, probably not necessary, 
because a small concentration of free acid does 
not usually much affect a single electrode poten- 
tial. With amalgamated zinc, for example, 3 N 
sulphuric acid was found by rough measurements 
to affect the potential by less than o'os volt. The 
potential of the decinormal electrode was assumed 
to be -fo’56 volt. No allowance was made for the 
unknown solution-solution e. m. f. 

In every case gallium showed at first a much 
smaller negative potential than the final value. 
With metal which had been exposed for a long 
time to the air the initial value was even positive 
(as much as 0*2 volt). In the course of two or 
three da^s the gallium potential gradually attained 
the maximum value — 0*297 in o'l l\l solutions; 
somewhat less ( — 0*25) in solutions, and even 
less wdien excess of sulphuric acid was present. 
O'l M gallium alum as electrolyte gave about the 
same potential ( — 0*294 volt) as pure o*i gal- 
lium sulphate. 

Adequate comparison of the effects of ion con- 
centration, corresponding to the Nernst equation, 
can hardly be made, because the ion-concentration 
of gallium sulphate has never been determined. 
The substance is much hydrolysed, and probably 
hydrolysis diminishes the concentration of the 
gallium ion in dilute solution, making a colloidal 
hydroxide. 

Liquid gallium decreased in potential with the 
time of immersion, to a lower value ( — o;i8) than 
the solid. Resolidification reversed this effect, 
but the gallium thus liquefied never assumed the 
value it would have had if its potential had been 
first determined as a crystalline solid. The de- 
crease was hardly consistent enough to substan- 
tiate Rudorfs coqclusions (Rudorf, Abegg’s 
‘‘Handbuch," loc. cit.j p. 366) concerning the free 
energy of the liquid based on Regnaulcfs measure- 
ments (J. Regnauld, Com ft. Rend.^ 1878, Ixxxvi., 
1457 (not Regnault, as Abegg gives the name). 

Whichever final value is chosen from the above- 
mentioned results, the single electrode potential 
of gallium thus measured stands between that of 
indium ( — 0^10) and that of zinc ( — o'52). This 
w^as one reason for the statement to that effect in 
our earlier < paper, because preliminary measure- 
ments of the electrode potential had been made 
before that paper was published. ^ It vvill be seen, 
however, that this wteome gives an incomplete 
picture of the situation. 

Another method of attacking qualitatively the 
problem of relative^ ' electrode-potential is by 
placing one metal In the solution of the salt of 
' another, in order to determine if the second metal 
is preapitatedr at the expense of the firsts De 
Boisbaudron^s description of his result in thk, 
directiqn is tibt. easily, ^interpre ted, but the 

Wfth repeating. ^Aceqrdirf|| 
-spalUBsmoal^ of. %e^h electrolytiedijy' 
i:lated zinc were pl^t^hed in two portion^ 
i eadh of N galliui%|Ahate solutk^^i^i j 
, hwrs, most was 

p# ' a Semigelatfeid^ 

vpreeip^^te.^ the 
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the zinc in very dilute acid), gave spectroscopic 
evidence of gallium — ^but the amount was only a 
verj^ small fraction of the whole, and may have 
been due to inclusion. Evidently zinc does not 
precipitate metallic gallium in the definite fashion 
'in which, for example, it precipitates cadmium. 

The contrasting experiment of placing gallium 
in a nearly neutral zinc-sulphate solution was like- 
wise made. After standing for 24 hours, the 
nugget of gallium showed no sign of a ^^tree,” 
even in the microscope, and its surface appeared 
almost, if not quite, as bright as at first. Evi- 
d^tly gallium does not precipitate zinc. 

When a solid alloy of gallium and zinc is treated 
with a little diluted sulphuric acid, both zinc and 
gallium are dissolved until the acid is exhausted, 
and no “tree” of either metal forms on the etched 
and pitted button. 

These qualitative experiments leave one still 
largely at a loss with regard to the electrode poten- 
tial of gallium. They seem to indicate that this 
quantity may be nearly the same as that of zinc. 

A clue to the answer to the puzzle was afforded 
by the following experiments. Small fragments 
of the purest gallium, freshly cut, were placed in 
solutions of cadmium sulphate and of copper sul- 
phate. Neither fragment showed more than a 
very slight tendency to precipitate these metals, 
each of which (especially copper), must have a 
lower solution tension than gallium. After six 
hours no evidence of precipitation at ail was mani- 
fest, and even after several days, only a few 
minute spots of copper could be seen. (Afterward, 
following a suggestion by A. B. Lamb, copper 
chloride was tried. Here also the precipitation of 
copper was very slow in starting, but when once 
started it proceeded more rapidly with the chloride 
than with the sulphate). Clearly gallium, like its 
analogue aluminium (see for example v. Deventer 
and V, Lumnel, Z, ihysih, Ghent, j 1909, Ixix., 
136), has a distinct tendency to become passive (or 
“ennobled”), which must vitiate all attempts to 
determine its true active electrode potential by 
the methods heretofore recounted. Accordingly, 
“another line of attack was begun. 

The Electrolytic Precipitation of Gallium j hu 
diumj and Zinc from Solutiofis of Varying Acidity 
and Co7icentration. — The outcome of electrolytic 
precipitation depends, at least in part, of course, 
upon the electrode potentials of the substances 
concerned; but it depends also on at least three 
other conditions of electrolysis, namely, on the 
relative concentrations of the ions, on the current 
density at the cathode, and on “over-voltage” 
phenomena. 

The effect of the concentration on the cation, 
as expressed by the Nernst equation, is well 
known. The solution tension of the solid metal 
is assumed to remain constant, but the effect of 
the opposing osmotic pressure of the cation in- 
creases with^ its logarithm ; hence the single elec- 
trode potential decreases when the cation becomes 
more concentrated. For a tri valent ion such as 
indium_ or gallium, the theoretical increase in elec- 
tromotive force is about 0*02 volt for each ten- 
fold dilution at room temperatures. In order to 
change the electrode potential by as much as 0*1 
volt, the solution must obviously be diluted to at 
least one hundred thousand times its original 
volume (or possess a concentration of o*ooooi of 
its original concentration). Hence this effect can- 


not play a very important role in causing two 
metals o'z or 0*3 volt apart in the electrochemical 
series to appear together. 

As an example of the combined effect of chang- 
ing current density and “over-voltage,” the follow, 
ing fact may be cited. Zinc, although commonly 
possessing a far greater solution potential than 
hydrogen, can be precipitated in part from normal 
solution of the sulphate in the presence of 2N 
sulphuric acid by a current density of 0*4 
amp./cm“., whereas this precipitate will redissolve 
while the current is running if the current density 
is reduced to 0^2 amp./cm“. In brief, there is a 
fairly definite relation between the current density, 
the concentration of the acid and the concentration 
of the metal which remains in solution after long- 
continued electrolysis. These considerations are 
of importance in interpreting the separation of 
metals electrolytically, especially if conclusions 
concerning relative electrode - potentials are 
sought. 

The following experiments upon the electrolytic 
deposition of gallium, indium, and zinc, separ- 
ately and together, were comprehensive, but will 
be summarised as briefly as possible. In all 9! 
these experiments sulphuric acid was present in 
definite, but not always identical, excess over the 
amount corresponding to the bases present. As 
the electrolysis proceeded, sodium hydroxide was 
added in amounts needed to neutralise the acid 
formed and keep the hydrogen-ion concentration 
about constant. The nature of the electrolytic 
precipitate was determined partly by its melting 
point, but usually by spectrum analysis. The 
three metals chiefly concerned (gallium, indium, 
and zinc) give clear spark- and arc- spectra, alo-ne 
or together; our experience agrees with that of 
Dennis and Bridgman in showing that very small 
traces of each metal may be detected in the pre- 
sence of the others, The characteristic lines, 
being in the blue and violet, are all easily photo- 
graphed. Our comparisons were made almost en- 
tirely in this way with a good glass-prism spectro- 
meter. The metals were volatilised by an arc 
spark obtained from a half kilowatt transformer 
from the no volt, 60 cycle, alternating current of 
the laboratory. The sparx was intensified by a 
suitable condenser in parallel with the trans- 
former, and the air lines were cut out by adequate 
inductance. Platinum points about 2 mm. in dia- 
meter were used as terminals of the 
and the metals to be analysed were 
electrolytically directly upon the 
although these were not the electrodes of the frac- 
tional precipitation. Blank tests were frequent. 

To recount first experiments upon the metals 
taken separately : — 

Comparable results were obtained with platinum 
foil electrodes of 8 sq. cm. area and 0*3 ampere 
current (that is, an approximate current density 
of o’04 amp. per sq. cm.). The volume of the 
solution in each case was about 100 cc, or less, and 
during the electrolysis each was continuously and 
thoroughly stirred by a mechanical stirrer. ^ The 
amounts of indium, zinc, and gallium originally 
present were respectively about o*4g., 0*2 g., and 
0*1 g. The precipitated metal was completely 
transferred electrolytically from time to time to 
the spark gap terminals. With solutions of 0*2 
N acidity, about 0*6 mg. of indium remained per 
TOO cc. solution after 12 hours’ electrolysis, four 


spark gap, 
precipitated 
terminals, 
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times as much zinc and almost all the gallium 
present Electrolysed in solutions of o-i N 
acidity, all the indium was precipitated in i6 
hours, about i-2 mg. of zinc remained per loo cc. 
solution after similar treatment, and distinctly 
paore (go mg. per loo cc.) of the gallium. Zinc 
in a new trial was very nearly all precipitated in 
eight hours from a solution of 0*05 N acidity, 
whereas 0*025 g. of gallium remained per 100 cc. 
of such solution after 13 hours. In a fourth trial 
after 17 hours even from a 0*04 N acid solution, 
gallium was not fully precipitated, one mg. re- 
maining per 100 cc. of electrolyte. 

The results with more concentrated acid pointed 
in the same direction and need not be recounted 
in detail. No metal at all was precipitated by 
this low current density from a solution contain- 
ing 0*4 g. per 100 cc. and 1*7 N in sulphuric acid; 
very little indium, less zinc and no gallium from 
such a solution normal in sulphuric acid; and 
nearly all the indium, most of the zinc, and very 
little gallium even from a solution 0*5 N in 
sulphuric acid. 

Tlrese results are all consistent; they point in- 
dubitably to the following order of precipitation : 
indium, zinc, gallium, and indicate that, whatever 
the cause, gallium has a considerably higher 
deposition-potential than zinc in these acid solu- 
tions. But this result is inconsistent with the 
direct potential — ^measurements already recounted 
— for these placed gallium between indium and 
zinc. 

Turning now to the electrolysis of mixtures, the 
following methods were used and results obtained. 

The volume was in each case about 0*5 litre; the 
same current density as before (namely, 0*04 
amperes per square cm. ) was maintained ; and the 
acidity was initially 0*15 N. When precipitation 
was almost finished, the acidity was reduced in 
order to recover all of the gallium. Six succes- 
sive electrolyses of mixtures were conducted, In 
every case zinc was detected in the first precipi- 
tate (which was chiefly indium) and it was found 
at every stage of the electrolysis, successive por- 
tions of the precipitate being .taken out and ex- 
amined spectroscopically. Eviden^tly indium and 
zinc are too near together to allow easy electro- 
lytic separation, although theoretically their 
electromotive ranges should not seriously overlap ; 
and the same is true of gallium and zinc. But in 
every case gallium began gradually to appear only 
after most of the indium had been precipitated. 
Hence these two metals are far enough apart to be 
easily separated. 

Similar results were obtained with platinum 
points giving much greater current density, in 
strongly acid solutions. When a platinum point 
IS used for deposition instead of a foil, the cur- 
rent density is so great that the ionised hydrogen 
in the immediate vicinity of the electrode is not 
enough to carry the current even when the solu- 
tion IS strongly acid. Hence other cations of 
greater solution potential may come down with the 
hydrogen. By preference, of course, those with 
^nallest negative solution potential come out first. 
Thus, with a platinum point in sW sulphuric acid, 
we found that almost pure indium with melting 
point 155® came first out of a mixture of the three 
metals under consideration, if sufficient current 
density were used to precipitate anything besides 
hydrogen. . ; 


When only a small amount of zinc was present 
in the electrolysis conducted in this way, most of 
it appeared in the final deposit obtained after 
neutralising the free acid. This fact is in accord 
with the results obtained with zinc alone, in which 
It was shown that this metal cannot be precipitated 
completely by current density 0*04 from a solution 
0*1 N in acid. 

Thus there is no real inconsistency between our 
results and those of Dennis and Bridgman. 
Different conditions produced different results. 
The amount of zinc in the specimen involved in 
our early trials was so small that little of it could 
be deposited by the current density and with ffie 
acidity then employed. Hence, most of the zinc 
remained in the electrolyte to the end and the 
order of deposition in this case was gallium, in- 
dium, zinc, as stated. The fact that most of the 
zinc was deposited in the early part of the elec- 
trolysis of Dennis and Bridgman is easily ex- 
plained if their solution (as is probable from their 
description) was decidedly less strongly acid than 
ours. 

The explanation of the apparent inconsistency 
between the relative magnitude of the electrode- 
potentials and the order of actual deposition seems 
to indicate that gallium possesses a larger nega- 
tive electrode-potential in the act of depositing 
from a solution than it possesses when actually 
deposited. In other words, it probably possesses 
some degree of “passivity” when in a metallic 
state, as already indicated by other tests. This 
conclusion is supported by the fact that gallium 
is markedly passive toward dilute nitric acid, 
although it dissolves in concentrated nitric acid 
It seems to occupy a place, in this respect, between 
indium, which dissolves easily in nitric acid of 
any concentration, on the one hand, and 
aluminium, which is passive towards dilute sul- 
phuric and concentrated nitric acid, on the other 
hand. Our experiments on electrode-potential in- 
dicated that liquid gallium is even more passive 
than the solid. This agrees with the fact that 
liquid gallium is less easily attacked by acids than 
solid gallium, although this fact may be due, as 
Rudorf has pointed out (Rudorf, Abegg's “Hand- 
buch,” loc, cit.), merely to* the possession of more 
points of attack in the solid. All these questions 
will receive more detailed examination here in the 
near future. An answer to the vexed question as 
to the cause of passivity in general, or of this case 
in particular, is left in abeyance for the present. 

II. Furificatim of Gallium. 

The foregoing statements make clear the advan- 
tage of electrolysis as a first step in purification. 
The elimination of indium and all metals of lower 
solution tension is easy by this means. Accord- 
ingly this method was used as an initial steij in 
the purification of the large quantity of gallium 
needed later for determining the properties of this 
substance. 

The choice of electrodes for electrolysis was 
made with care. The liquid metal alloys with 
silver, making it brittle; and the deposited gal- 
lium contains dissolved ^Iver. Hence this metal 
is entirely unsuitable. IrPp seems to shoyr in less 
degree a similar effect, except that the solid alloy, 
is soft instead of brittle. Gallium aliffs 

slightly even plafipum 

blackened aftewatds by add^ . 
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liquid gallium removed lium ihib platinum foil 
may contain traces of platinum* 

A point of Avire is evidently safer than a large 
piece of foil, since the action of one metal upon 
the other can take palace onlj on the surfaces 
where they adjoin. Thus gallium fiom an iron 
point was found to contain no appreciable iron. 
That from a platinum point is even safer, since 
platinum is attacked less than iron is. Finally, 
in preparing our purest material we used as the 
electrode a gallium cathode contained in a cup 
and making contact^ beneath its suiface with a 
platinum point of minimum dimensions. 

During the electrolysis of a solution of the law 
material (a crude gallium indium alloy) the 
hydrogen evolved \Aas found to give a mirror in 
the Berzelius-Marsh apparatus. Part of this 
sublimate was shown to be arsenic, and ger- 
manium was indicated by the ime 4033, although 
the tAvo more prominent lines, 4227 and 41H0, Avcie 
often absent. A line very close to 4058 was like- 
Avise found. This vi-as most probably due to lead, 
although this metal docs not ordinarily form a 
volatile compound with hydrogen on electrolysis. 
It is true that Panett and Fiiith (Panett and 
Fiirth, Ber.^ i9i0> Hi., 2020) state that they have 
found such a compound (the paiticulars to be 
given later) but Ave have not been able to repro- 
duce it. Whether the apparent presence of lead 
and also trace of zinc in the Marsh-Berzelius 
mirror were due merely to the spattering (which, 
hoAHrever, had been carefully guarded against) or 
to traces of volatile compounds we do not pretend 
to decide. That arsenic was present 4here could 
be no doubt. The spectrum was compared with 
the spectrum of pure arsenic in a Plucker tube at 
220° to 230®, taking the helpful precautions of 
Herpertz (Herpertz, Dissertation^ Bonn, 1006). 
The suitable vacuum was obtained by a Langmuir 
pump. 

Incidentally, mention may be made of a black 
precipitate consisting chiefly of gallium, and of 
a spongy aggregatio-n which appears at the 
cathode under some conditions, the latter 
especially when the solution is almost neutral, 
it was easy to prove that both consisted of metallic 
gallium mixed with a trace of basic salt and 
bubbles of hydrogen which prevent its complete 
coherence. 


Gallium deposited from the solution of the crude 
liquid alloy, when most of the indium had been 
separated electrolytically, contained considerable 
2mc, This could be, in part, eliminated by frac- 
tional electrolysis, but the process is slow, as may 
be inferred from the foregoing account. 

Two methods were therefore employed which 
were found to be effectual in removing the la.st 
trace of this metal, namely, ignition at a red heat 
in a vacuum (when zinc distils by virtue of its 
mwer boiling point) and fractional crystallisation 
of the gallium with centrifugal draining (when 
ail heteromorphous materials remain in the 
liquid). 


The purification by heating in vacuum is mos 
conveniently^ carried out by placing the electro 
lytic metal in a silica boat enclosed in a silia 
tube, and heating for several hours in a goo< 
vacuum until the boat-load remains almost con 
stant in weight. Complete constancy is no 
gam«m itself is slightly volatih 
at <300 . The sublimate was shown by suitabh 


qualitative tests to consist chiefly of zinc. The 
residue from this treatment must still^ have con- 
tained a trace of some unknown impurity since its 
melting point was still not quite constant. 

Fractional crystallisation of the metal was the 
method used to complete the punfleation. Liquid 
gallium, supei cooled to a temperature slightly 
belo'W its true freezing point, was inoculated with 
a tiacc of the solid phase, introduced on a 
platinum point Crystals of gallium 4 to 6 mm. 
in length Avcie allowed to form slowly.' Con- 
sisting of the purer gallium, these crystals were 
removed, but upon their surface they carried some 
of the less pure liquid. This Avas removed by 
means of a hand centrifuge, the inner vessel of 
which consisted essentially of a test-tube Avith a 
much constncLecl place near the bottom. The 
crystals of gallium rested upon the constriction, 
and the liquid Avas driven by centrifugal force 
thiough the narrow opening, while the test-tube, 
resting upon a pad of cotton wool in a hollow 
wooden cylinder attached to a stout leather strap, 
was whirled in a tAvo-metre circle. Before the 
slightly warm glass vessel was placed in the 
wooden receptacle, the latter had been warmed to 
32° in order to prevent solidification of the ad- 
hering liquid before the centrifuging was com- 
plete. Two -or three successive rccrystallisatio-ns 
were enough to bring the purest fraction to a 
constant melting point, but in order to economise 
the small amount of fairly pure electrolytic 
material at our disposal as much as possible, 
many systematic recrystal lisations from the mother 
liquors were conducted, thus purifying more of 
the gallium. 

In all fo ‘4 g- of pure gallium of constant 
ing point (that Is, showing no chango in ^ 

point from the beginning to the ena of liquefac- 
tion) was separated from about of the less 
pure electrolytic metal. This specimen Avas called 
Sample E. * 


///. 7' he Melting Point of Gallinm, 

De Boisbaudran, in successive trials, at first 
found the melting point of gallium to be 3^0*5®, 
and later 30*15°, with very small amounfs pf 
material [Comfit, Rend,, 1876, Ixxxii,, lo^j 
Ixxxiii., Oil). More recently, Browning and 
Uhler found the value 29*7® by reading the tem- 
perature at which globules of solid gallium fell 
through a slightly smaller platinum ring [Am, /. 
ScL, iqiO, [4] xlii., 389). Neither experimenter 
mentions the precautions taken with regard to 
standardising the thermometers ; and judging from 
our experience, probably neither had perfectly 
pure gallium. 

Our own preliminary experiments, made by 
watching a crystal of the metal (either at the 
bottom of a small test-tube or suspended in a ring 
immersed beneath a slowly changing bath) usually 
gave too high results because o-f convection cur- 
rents, and the lag in temperature of the Inetal, 
Methods of this sort led to the value 30*8® (which 
we found subsequently to be about a degree too 
high) for the melting point of our best gallium. 
An accurate determination of a melting point can 
hardly be made unless enough of the substance is 
at hand wholly to surround the registering instru- 
ment with a mixture of the two phases whose 
equilibrium is concerned* Therefore we did not 
succeed in obtaining satisfactory values until we 
used a much larger quanfity of the metal. 





Two methods were finally employed. First, 
he gallium was melted in a small air-jacketed 
est-tube in an easily adjustable thermostat, after 
he fashion of the Beckmann freezing - point 
a^pparatus, o-r that so often used by one of us for 
aking transition temperatures (see for example, 
Richards and Wells, Proc, Am. Acad.^ 1902, 
cxxviii., 431; Z. fhysik. Chem.j 1903, xliii., 465). 

In this apparatus about 10 g. of the best gallium 
kvas used. Its melting point remained constant 
rntil only a very few crystals remained 

Another method which gave precisely the same 
-esult consisted in determining the temperature 
It which a glass-stoppered dilatometer, filled with 
1 mixture of crystallised and liquid gallium under 
vater, showed neither decrease nor increase in the 
i^olume of its contents with time. About 8*5 g. 
Df crystallised gallium was used. The water was 
Dure and was freshly boiled and quickly cooled; 
30 prepared it does not oxidise gallium seriously 
n a few hours. The scale on the capillary of the 
iilatometer showed change of about 0*4 mm. 
during the melting of 0*01 g, of gallium. The 
iilatometer was immersed to the beginning of the 
tndex tube in a thermostat at 29°, and the tem- 
perature was slowly raised until melting was in- 
dicated by the sinking of the water level in the 
capillary. After perhaps a quarter of the metal 
had melted, the temperature was slowly lowered 
until the- cO*iumn remained stationary’. 

;dlermometer used with each method 
csarefully standardised with reference to 
tte jparisian hydrogen scale through one of the 
Harvard Baudin thermometers, both being read 
with a cathetometer to within 0*002®. 

The direct determination of the melting-point in 
the small Beckmann apparatus gave the value 
29*752® for the melting point With the dilato- 
meter method, at 29*755®, the column slowly des- 
cended,, wjhereas at 29*745 it slowly rose, indi- 
cating the value 29*75® as the true melting point 
Since the two methods agreed, this value (29*75®) 
may be taken as correct for the purest gallium 
which we have thus far prepared. 


IV . Density of Solid and Liquid Gallium. 


The striking expansion of gallium upon solidi- 
fying is of peculiar interest, since this property 
is possessed by so few substances,^ Some previous 
investigators have ascribed it to the presence of 
impurities (Rudorf, Abegg's “Handbuch,” loc. 
cit,)^ The work which follows shows, however, 
that undoubtedly the purest gallium behaves in 
the same way as the somewhat impure metal first 
studied. 

The form of pycnometer employed was that 
used recently in the determination of the density 
of lead isotopes (Richards and Wadsworth, /aurn. 
Am, Chem, Soc.j 1916, xxxvip., 222). All the 
usual precautions were taken to ensure con^ancjy 
and definiteness of temperature, absence of air 
bubbles (the pycnometer was filled in a v^acuum) 
and protection from evaporation. Both the solid 
and liquid gallium were weighed under freshly 
boiled and quickly cooled puie water.' Wi^out 
precautions, gallium, on solidifying in a. pycncH 
meter invariably breaks it ijhe exp^aoion whicb 


then occurs; but if the pycnometer is* bbnslaatly 
agitated during slow cooli^ ;tiie crystaiMne* inaie 
does, not ^0^ tfio 

the walls, W 


against the walls begins to take place, it is easily 
overcome by partial melting and resolidification. 
When the density of the liquid was determined 
after that of the solid, the pycnometer was placed 
in an evacuated vessel m order to remove any 
trace of hydrogen which might have been formed 
by the long standing under water. Promptness 
is advisable since even with the purest water a 
slight action takes place after a number of hours^ 
and, of course, both bubbles of gas and the film, 
of oxide cause a decrease in the observed density 
of the metal. 

The densities of a number of samples were 
determined The first sample, A, contained 
several per cent of indium and a trace o-f zinc. 
It was obtained from the hydroxide dissolved in 
sodium hydroxide, which carries with it indium 
hydroxide. From Sample B most of the indium 
had been removed by fractional electrolysis. 
Sample C had been refractionated electrolytically 
from a solution 2 in free sulphuric acid and the 
metal had been heated in a vacuum for three hours 
to expel zinc. Sample Cs was another^ prepara- 
tion of the same kind. Neither was entirely free 
from impurities. Therefore Sample D was pre- 
pared with much greater care by fractional elec- 
trolysis, but it began to melt on the surface 0*2® 
below the true melting point of gallium. Sample 
E, the purest, has already been described above. 

<To be continued.) 


THE CHEMICAL INDUSTRY IN THE 
ARGENTINE REPUBLIC. 


Three Argentine companies manufacture sul- 
phuric acid (53®- 56® Baum^) by the chamber pro- 
cess with imported sulphur from Italy, Chile, and 
the United States. There is a great demand for 
Sicilian sulphur, since, being of greater purity, 
and burning without ash. Transport of sulphuric 
acid by sea is very difficult, owing to long voyages 
in the tropics, the home industry being thus 
favoured. Nevertheless, local works find it diffi- 
cult to compete with imports. 

Nitric and hydrocldoric acids, the first in com- 
mercial degrees (38® and 42®), are manufa^ctpred 
from Chile saltpetre and native salt Chemically 
pure sulphuric and hydjrbchloric acids are, how- 
eveh*, manufactured. ^ The main part of the acetic 
acid imported is glacial,^ at 99®. Two works near 
Cordoba produce pyroligneous products by dry 
distillation of algarrpbo wood, chiefly acetates, of 


lead and lime acetone, acetic acid, which are more 
expensive than imports; How^everj the^ demand 
.exceeds the supply^ 'I^x^al prodiictmn^ of tartaric 
acid is limited to two vineyards, wine lees 

being obtained in larg^ J<juantity at Mendo^ In ‘ 
191$ United iState^ bfegan to export thk amd I 

to tlie ' Argentke. Dthifig the last ' ei^t ye4i^,: 1 
. of citric %cid frdha P^rance, En^|and> 1 

i,;ioafiy,[ and Italy > rep 5 ^uted an 


: ' linet^e ^ tons? per' ye^flThe United'' 

Sports 'df ki|p#| 
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The oils should contain at least 10 per cent 
phenol, and some manufacturers say 25 per cent 
JBoriCj carbonic, hydrofluoric, and tannic acids are 
also imported from Germany, France, England, 
and, since 1916, the United States has supplied 
a certain amount of carbonic acid. Gaseous cai*- 
bohic acid is manufactured locally in breweries. 
Imports of alum, which were more than 6300 
metric tons from 1913 to 1916, fell to 490 tons 
during the last two years. The United States 
imports now represent 50 per cent. Hydrated 
alumina is employed to a limited degree for lakes 
and colours, textiles and glass. Large quantities 
of home-made sulphate of aluminium are em- 
ployed to purify drinking water in Buenos Ayi'es, 
&c. Local manufacture is only one-quarter of 
the imports. Ammonia is chiefly imported. The 
average imports during the last seven years were 
540 metric tons per year, 90 per cent being from 
America. Liquid ammonia is chiefly English. 
Arsenic and arsenical compounds are employed 
for glass, insecticides, and colours. The demand 
is for white, yellow, and red arsenic (99 per cent), 
in barrels of 200 kilogrms., and arseniates of lead 
and soda in boxes of 5 kilogrms. The United 
States now heads the list of impoits. — Chhme et 
Industrie j February, 1921. 
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MINERALOGICAL SOCIETY. 


March 22, 1921. 


Dr. a. E. H. Tutton, F,R.S., in the Chair. 


The following papers were read : — 

^^The Vibre^ions of a Crystallhie Modiujn,''^ By 
Prof. H, HihTON. 

The paper attempts to give an indication of the 
kind of vibrations which the molecules of a cry- 
stal may be^ expected to^raake about their positions 
of equilibrium. The case of an orthorhombic 
crystal in the form of a rectangular parallelepiped 
is considered in detail, and the normal modes of 
the molecular motion completely determined. 

“Augiie from Niskigatake^ Ja^an:^ By Prof. 
R. Qhashi. 

The crystals have been detached from basalt 
by natural weathering. Specific gravity is 3*338 
prism angle agrees with that of 
diopside, but that of the pyramid does not. Etched 
figures show that the crystal belongs lo the holo- 
symmetric class a = i’68593 ^1*6917, r^^i'yios, 

Extinction angle on (010) ==4i'6®. 
The chemical composition is SiOg 51*37, AlgO, 
FegO,*2-o2 FeO 2*96, CaO 21-58, MgO 16*94, 
TiOg o*s8. Both the optical properties and chemi- 
cal composition show that in this augite the diop- 
side molecule predominates. 

Chemical Com^position of the Adare and 
Ensisheim Meteorites:^ By Dr. G. T. Prior. 

Detennination of the amount and composition 
of the nickeliferous iron in these meteorites had 
Adare contained 18 per cent, in which 
and Ensisheim 3 in which 
Analyses were made of the un- 


attracted material in order to determine how far 
they supported the idea that in meteoric stones the 
latio of MgO to FcO in the magnesium silicates 
valued directly with the ratio of Fe to Ni in the 
nickel-iron. The results showed that the ratios 
of MgO to FeO in the olivine and pyroxene res- 
pectivelj were about 4 oi 5 for Adare, and 2i and 
3 for Ensisheim. 

Mr. W. Barlow exhibited models to represent 
the atomic structure of calcite and arragonite. 


NOTES. 


ROVAL SociLl\ — At the Meeting of June 2, the 
Bakedan Lecture will be delivered by Di, T. M. 
Lowry, F.R.S., and Dr. P. C. Austin, on “Optical 
Rotatory Dispersion.” 

ROYAL Institution.-— A General Meeting of the 
Members was held on April 4, Sir James Reid, 
Bart., Vice-President, in the Chair. Mr. S, D. 
Bles, Mr. S. T. Covington, Mis. L. \\^ Dent, Mr. 
B. G. Donne, Prof. Godfrey, Com. A. C. Goolden, 
Mr. A. Mallalieu, Mi, W. Marshall, Mr. E. W. 
T. L. Brewer Williams, and Sir John Wormald 
weie elected Members. The Chairman reported 
the death of Lord Moulton, a Member of the In- 
stitution, and a resolution of condolence with the 
relatives was passed. 

Royal Institution — On Tuesday next, April 
19, at 3 o’clock, Prof. Arthur Keith resumes hjLS 
Lectures at the Royal Institution on “Darwin’s"* 
Theory of Man’s Origin (In the Light of Present* 
Day Evidence)”; on Thursday, April Mr. H. 
S. Foxwell l>egins a course of two lectures ' on 
“Nationalisation and Bureaucracy’^; and on April 
23, Mr. H. Y. Oldham delivers the first of two 
lectures on the “Great Epoch of Exploration : (i) 
Portugal; (2) Spain.” The Friday evening Dis- 
course on April 22 will be delivered by Sir James 
Walker on “Electro-Synthesis in Organic Chemis- 
try,” and on April 29 by Sir Frank Dyson on 
“Advances in Astronomy.” 

Market for Ant Exterminators in Colombia. 
— The Commerckl Secretary to H.M. Legation at 
Bogota (Lt.-Col. G. W, Rhys Jenkins) reports that 
there is an urgent demand in the Santa Marta dis- 
trict for a good ant exterminator for use on the 
local coffee plantations. It appears that practi- 
cally all the estates are infested with quantities 
of large brown ants, which devour everything in 
sight, including the young coffee shrubs. ^ The 
Commercial Secretary has received an enquiry as 
to United Kingdom sources of supply of a suitable 
exterminator, and particulars will be furnished to 
any United Kingdom firms interested, on appli- 
cation to the Department of Overseas Trade 
(Development and Intelligence), 35, Old Queen 
Street, London, S.W.i. 

The Automatic Furnaces^ Ltd., have issued a 
small pamphlet presenting some carefully 
arranged data on the effects of overheating high 
carbon steel. The Company have for years 
specialised in precision heat treatment of steel, 
and now are undertaking to harden samples of 
manufacturers’ own tools for a comparative test 
against similar articles hardened by the maker. 
The pamphlet in question and full information 
can be obtained af, the Company’s offices, 281-283, 
Grays Inn Road, W.C.i. 
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At the recent Guthrie Lecture at the Physical 
Society, Prof. A. A. Michelson, of the University of 
Chicago, took as his subject ^‘Some Recent Appli- 
cations of Interference Methods,” and gave details 
of his recent work on the Measurement of Earth 
Tides, A Redetermination of the Velocity of Light, 
and the Measurement of the Diameters of Fixed 
Stars. 

Iron and Steel Institute.— The Annual Meet- 
ing of the Institute will be held, by kind permis- 
sion, at the Institution of Civil Engineers, Great 
George Street, Westminster, on Thursday and 
Friday, May 5 and 6, igai, commencing each day 
at 10 a.m. Thursday, May 5 — General Meeting of 
Members; a selection of Papers will be read and 
discussed. Friday, May 6 — ^Annual General 
Meeting. The following is a list of the Papers 
which it is expected will be submitted : — 

“The Prevention of Hardening Cracks, and the 
Effect of Controlling the Recalescence of a 
Tungsten Tool Steel.” By S. N. Brayshaw. 
‘‘The Welding of Steel in Relation to the Occur- 
rence of Pipe Blow Holes and Segregates in 
Ingots.” By H. Brearley. 

“Open-hearth and other Slags — their Composition 
and Graphic Methods for Determining their 
Constitution.” By J, E. Fletcher. 

“Notes on the Cleaning of Blast-Furnace Gas.” 
By S. H. Fowles. 

“The Protection of Iron with Paint against Atmop 
pheric Corrosion.” By J. Newton Friend. 
“On the Cause of Quenching Cracks.” By K. 

Honda, T. Matsushita, and S. Idei. 
“Slip-Lines and Twinning in Electro-Deposited 
Iron.” By W. E, Hughes. 


“Scientific Control of Combustion.” By H. T. 
Ringrose. 

“Comparison of Different Methods of Estimating 
Sulphur in Steel.” By T. E. Rooney. 

“Solid Solution of Oxygen in Iron.” By J. E. 
Stead, F.R.S. 

“Roentgen Spectographic Investigations of Iron 
and Steel.” By A. Westgren. 

"Cupric Etching Effects Produced by Phosphorus 
and Oxygen in Iron.” By J. H. Whiteley. 



This List is specially compiled for the Chemical News by Messrs. 

Rayner & Co,, Registered Patent Agents, of 5, Chancery Lane, 

London, W.C.2., from whom all information relating to Patents, 

Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Applications. 

9203 — Benko, R.— Manufacture of iodine, etc., compounds. 
March 26th. 

8988 — Chemische Fabrik Weissentien Gess. — Process for distilling 
sulphuric aci 1 . March 23. 

8858— Craig, E. N.— Reduction of oxides of tungsten and 
molybdenum. March 22. 

Specifications published this Week. 

160185 — Marks, E. C. R. — Process for production of reactive acid 
liquor alcohols, esters, and the like from olefine hydro- 
carbons. 

leoasS’— Vickers, Ltd.— Toco Rubber and Waterproofing Co., Ltd. 
and Nuttall, W. H. Condmisation of phenolic bodies wi& 
aldehydic compounds. 

139803— Chemical Construction Co.— Apparatus tor the manufacture 
of superphosphate of lime and similar compounds. 




^SULPHATE of COPPER.! 

11 Powder or Crystals. ** MAPLE ’’ BRAND. Cuaimteed 98-99% Parity. ® 


Powder or Crystals. 


NICKEId SALTS (for nickel plating, Etc.) § 

Guapanteed 99-100% Purity. 

§ NICKEL ANODES. NICKEL SHEET and STRIP. NICKEL ROD and WIRE. 


I 

I 

I 


Guaranteed 99-100% Purity. 





analysis: 99.8% Nl. 




The MONO NICKEL Co., Ltd. > 

39, VICTORIA STREET^ 1.0f«D0|«^ ■ 
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Abstract Published this Week* 

Messrs. Boake Roberts & Co. of Stratford, London, have been 
granted a patent No 155^578, for a process of obtaining Dtetby- 
sulphate. It is p'epared by p ssmg ethylene in great excess inti 
sulphuric acid, containing 81-100 per cent HaSO,y_or into oleum 
cottt ming up to m 50, at a t imperature of 120° C. Ethyl hydrogen 
sulphate is first formed and this is converted into diethyl sulphate 
by continMing the introduction of ethylene until the weight of the 
reaction has increased by at least so per cent of the weight of 
sulphuric acid present. 

Ethyl hydrogen sulphate in any known manner may be used in the 
first instance as the absoroent for the ethylene. 

Messrs. Rayner Sc Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of if- each. 

' ■-J- ■" V-!! --•••■•« rr-‘- ... ..a. .i-, .■ i n ....i..; 

MEETINGS FOR THE WEEK 


NOTICES. 


EDITORIAL.— All Literary communications and Books, Chemical 
Apparatus, Ac,, for review or notice to be addressed to the 
Editor. 

SUBSORIPTIORS, £1 12s. per annum, payable in advance, should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on application 
to be Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4 


Monday t April 18. 

Royal Society of Artsr, 8. ** Recent Applications of the Spectroscope 
and the Spectrophotometer to Science and Industry” by 
Dp. Samuel Judd Lewis. 


Tuesday f April 19. 

Royal Institution, 3. ** Darwin's I heory of Man's Origin ” by Prof. 
A. Keith. 

Instituti n of Petroleum Technologists, 5.30. 

Wednesday^ April 20. 

Royal Society of Arts, 4.30* ‘‘Thomson’s Apparatus for Armless 
Men” by Sir Tames Cantlie, 

Royal Microscopical Society, 8. 

Thursday t April 21. 


Royal Institution, 3. “ Nationalisation and Bureaucracy ” by Prof. 
H. S. Foxwell. 

Institution of Mining and MetdUurgy, 5.30, 
chemical Society, 8. 

Friday^ April 22. 

Royal Institution, 9. “Electro-Synthesis in Organic Chemistry' 
Sir James Walker, 

Royal Moiety of Arts, 4.3Q. “The Common Service of the British 
and Indian People to the Wcrld” by Col, Sir Edward W, 
H. Gr gg. 

Technical Inspection Association, 7,30. “Physical Properties of 
Cley by ANied S. E. Ackermanu. 

PhysKsal Skioiety, 5* 

Saturday, April 23, 

Royal Institution, 3. “The Great Epoch of Exploration— 
Portugal ” by Dr« H, Y. Oldham. 


ADYERTISEMENTS. 

AU communications for this Department should be ad* 
dressed to— 


T, G. SCOTT & S^ON, 

63, Ludgate Hill, London, E.C. 4, 


PATENTS, TRADE MARKS. Handbook 

T and advice free—B, T. King, Biitish and U, S. Regd. Patent 
Attorney, l46a, Queen Victoria St., London. 85 years reference 


' TO BE SOLD IN FRENCH SWITZERLAND. 

(In Aigle— opposite the Golf Links). 

CHEMICAL MANUFACTORY. 

With 25 H P. Turbine, Steam Enmne and Boiler, 
date Machinery, Appa^tus ” ' 

Manufacturing Processes., Grctod 
metres. For full particulars Mr. E. iJalphin, 

Place Fusterie 9, Geneva (Swltre^lsStm), 


BACK NUMBERS AND VOLUMES. 


W E tiave For Sale a limited number of the Earlier Volumes and Numbers 
of the CHEMICAL NEWS, and are prepared to supply orders at the 
following rates, carriage extra (subject to the Volumes or Numbers being In stock 
at the date when the order is received):-* 

PRICES FOR SINGLE VOLUMES. 


1860—1883 
‘ 1884—1903 
1904—1918 
. , 1918 , 

1919 

1919—1930 


Volumes I to 48 

Bound 

£ S. 

3 9 

d. 

0 each 

Unbound 

£ s. d. 

360 

each 

1, 49 

ff 

2 16 

0 „ 

ff 

2 13 0 

ff 

» 89 „ 116 


I IQ 

0 „ 

ff 

170 

ff 

>, 117 

i> 

2 10 

0 M 

„ out ot print 


1X8 

n 

2 0 

0 „ 

ff 

I 16 0 

ff 

„ II9 to 121 

»» 

0 16 

0 „ 

ft 

0 13 0 

ff 


SINGLE 

i860 to 1883 inclusive ... 
1884 „ 1903 „ 

1904 to 1918* „ 

*1919 and onwards 


NUMBERS. 


6 each 

0 „ 
o „ 

6 „ 


♦Various numbers, parts of Vols. 1x7 and ii8 (1918/19) are oniy on sale at 2s, fid. each, 

; THE GENERAL INDEX to YOLS. i to 100 can still be purchased at (CARRIAGE EXTRA). 

; All communications should be addressed to the Manager, CHEMICAL NEWS, 


97, Shoe Lane, London, E.C.4. 
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VOL. CXXII.. No. 3184. 

"■ " ' T ' 

FURTHER STUDIES CONCERNING 
GALLIUM. 

Its Electrolytic Behaviour, Purification, 
Melting Point, Density, Coefficient of Ex- 
pansion, Compressibility, Surface Tension, 
and Latent Heat of Fusion.* 

By THEODORE W. RICHARDS and SYLVES ER BOYER. . 
, (Continued from p. jyy.) 

The results for the density of the less pure 
material need not be given in full, but will be 
summarised. 

Sample A (containing indium) was found, as an 
average of a number oi determinations, to have 
the density of 6*162 as liquid at 29® and 5*975 
as solid at 20°. No great difference was observed 
between the metal thus solidified in the pycno- 
meter or solidified in air a little below the melting 
point on a block of paraffin. On the other hand, 
this impure gallium when solidified by dropping 
into cold water from a pipet, was found to give 
a lower result, about 5*90, probably due to in- 
cluded water., but possibly to be referred to the 
of a more bulky unstable 
appear when the cooling is 
the 'values for the solid to 29® 
of the coeffideit of expansion, men- 
Uter, thS' Value at 29® is found to be S'a74. 
The change in specific gravity of this impure 
sample on melting is therefore Tound to be o*iS8; 
of Sample B, considerably purer, the change at 
29®, corrected in the same fashion, was from 5*893 
to 6*084, or 0*191 j for sample C (several prepara- 
^tions) ,the average for four determinations of the 
w^s found to be 5*889, whereas four deter- 
ipcfeatidns of the liquid gave the value 6*079, a 
difference of 0*190. 

Sample D, which was very nearly, but not per- 
fectly, pure, gave, with three different prepara- 
tions, the following values (two apiece) for the 
liquid at 29*8®, 6*090, 6*094, 6*093, ^*097, 6*og8, 
6*099; an average of 6*095, whereas for the solid 
at 29*6® , the following five values were found : 
5*907, 5*908, M 5*907, 5‘905j 5*9033 an average of 
5*906, and a ‘difference of 0*189. 

* Fro^ the /owmoJ ttf the Am^Hccm Chemical Society ^ Febraary, 


The last and purest saneiple, E, gave essenti^ll" 
identical results, which are given in full uu 
Table I. ^ In these cases, the gallium «was 
introduced into the pycnometer in the liquid state 
and solidified there under pure boiled water. The 
density of the solid was determined at 29*65®, and 
that of the liquid at 29*8® on the hydrogen «cale. 

The respective densities of pure liquid and solid 
at the melting point are, therefore, 6*0947 ^*and 
5*9037, the dmerence being 0*191; and the re- 
spective specific volumes of the two states of the 
metal are 0*16408 and 0*16939 cc., the difference 
being 0*00531 cc. Allowing for its coefficient of 
expansion, the density of the solid at 20® may be 
taken as 5*907 and its atomic volume as 11*85, 
the atomic weight is 70*1. 

Evidently, since the further purification between 
D and E produced no essential change in the 
density of either solid or liquid, and since the 
substance last measured had been heated for a 
long time in vacuum and purified by crystallisa- 
tion, the densities recorded above for the gallium 
in the two states cannot be far from the truth. 
Table II., reiterating the change of density on 
crystallisation in the several specimens of increas- 
ing purity, shows conclusively that the impurities 
have, nothing to do with the change of volume, 
since the variations are not greater than the. pos- 
sible variation due to experimental error. 


Sample 

Average 

density. 

Solid. 

Table II. 

Average 

density. 

Liquid. 


DisfiGsrence 
between 
density of 
solid and 
liquid. 

A ... 

S‘ 974 , 

6*162’ 

More or 

(O' 188 

B ... 

... 5 ‘ 8 o 3 

6*084 • 

^ less 

j O-IQI 

G 

.. S' 8§9 

6-079) 

impure 

' 0*190 

D ... 

... 5 ' 9 o 6 

6-095 

Fairly pure 

0* 189 

E ... 

... 5-904 

6-095 

Very pure 

0* 191 


Supposing that no gr^at contraction or expan- 
sion takes place when 'indium is dissolved in gal- 
lium (which seems rllsonable because the 
similarity of the two metals), the percentage of 
indium in Sample A (its specific gravity being 
7*31), is easily calculated approximately from the 
liquid to be 5*6 per cent and from the solid to be 
4*8 per cent. Evidently, Sample A must have 
contained atxiut 5 ' cent of indium. If con- 
traction occurred on tne solution of one metal in 
the ^ father,, the p^c^toge thus* calculated would 
be. higher than the true value, and mee verm. 
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F. The Cubical Coefficient of Exfanston 
of Gallhmi, 

The direct measurement of the linear expansion 
of solid gallium was not easily made with the 
small amount of metal at hand, and, therefore, 
the cubical coefficient of expansion was found by 
determining the density of solid gallium at o*i° 
and 29*65®. The volume of the pycnometer also 
was determined at o-i® in order that any errors 
due to manipulation, to possible condensation of 
moisture on, or evaporation from, the pycnometer, 
&c., should be equalised. In this way in five 
experiments (from which the danger of condensa- 
tion was excluded by warming the pycnometer be- 
fore drying and weighing) the density varied be- 
tween the extremes, S'912 and S’QiSi lu average 
5*9134 at 0*16 C., whereas the density at 29*65® 
had been found to be 5 ‘0037. The increase m 
density is thus 0*0097, which corresponds to a 
cubical coefficient of expansion of 0*000055 or a 
linear coefficient of expansion of 0*000018. 

Of course, any value obtained in this way has a 
large probable error, but it is better than no-thing. 
This value is about one-third that for sodium, 
somewhat less than that for magnesium, 
aluminium, cadmium, thallium, or zinc, but not 
far from that for copper and silver. It is about 
midway between the values for zinc and arsenic, 
as would be expected from the fact that the atomic 
volume of gallium is also approximately midway 
between those of these two metals, near it on 
opposite sides in the periodic table (Richards, 
“Concerning the Compressibilities of the Ele- 
ments, and Their Relations to Other Properties,” 
Journ. Amet, Chem, Soc.j 1915, xxxvii,, 1643; 
correction, 1915, xxxviL, 2696). 

yi. The Comfressihility of Gallium > 

The method and apparatus have already been 
described in detail (for example, Richards and 
Jones, ibid,^ 1909, xxxi., lOi). The form of piezo- 
meter first used for the liquid was essentially like 
that employed for determining the compressibility 
of the rubidium-potassium alloy (Richards and 
StuU^ Carnegie Inst. Pub,^ 1907* Ixxvi., 19). If 
solidified in this apparatus the gallium, of course, 
would have burst the containing tube. For this 
reason gallium was cast in a separate small glass 
tube, producing a cylinder of the metal from 
which the broken fragments of glass were wholly 
removed. This cylinder was placed in a slightly 
larger test-tube, and this latter tube was capped 
with a ^ long glass cap. The whole was then 
placed in a still larger test-tube that came almost 
to the top of the cap, and a platinum wure held 
the combination together. In this way, solid gal- 
lium could be compressed under mercury, but 
protected from this liquid by the toluene under- 
neath the cap. The contrivance was less simple 
than that used later for determining the com- 
pressibility of indium^ (Richards and Sameshina, 
Journ. Ame 7 . Chem. Soc.^ 1920, xlii., 49), but was 
adopted in this case for fear of melting the gal- 
lium accidentally, when it would have immedi- 
ately apialgarnated with the mercury. 

T^ weighing of ^ the toluene and mercury 
(which had been purified by usual methods) was 
eifected as follows. The cylinder of the solid 
metal was placed in the inner test-tube and this 
tube was next filled with- 'toluene in a vacuum. 


The cap (filled with toluene) was then placed 
over the test-tube while immersed in a larger 
vessel containing toluene, and the capped tube 
was placed in the larger test-tube while still under 
the liquid. After wdring the tubes together, a 
weighed quantity of mercury was finally added to 
the outer tube, replacing the toluene, and also 
holding the toluene beneath the cap. Enough 
toluene was displaced so as to make sure that no 
more would be liberated from the cap accidentally, 
and all toluene was remo-ved from the surface. 
Since the weights of the glass, gallium, and mer- 
cury were known, that of the toluene w*as found 
very simply by the difference. It is necessary in 
such a case to know the weight of the toluene with 
great accuracy, since its compressibility is 30 times 
as great as that of gallium. 

The assembled apparatus was suspended in a 
piezometer, essentially like that used in earlier 
researches (Richards and Stull, Carnegie Inst. 
Pub.j Ixxvi., p. II, pattern V., Fig. 2). The 
samples of gallium ‘ of which the compressibility 
was determined have already been described as 
Sample C. The purest sample, E, could not be 
used for this work, since there was not enough of 
it; but the amount of impurities co*uld not have 
been enough in Sample C to exceed the probable 
error of measurement in its effect. 

Following are complete data of two determina- 
tions of gallium, together with the measurements 
made with the piezometer alone. The figures in 
the last column, for the range roo tO' 400 mega- 
bars (the megabar is the “absolute atmosphere,” or 
0*983 of the ordinary “atmosphere”), were taken 
from curves carefully drawn through the points* 
defined by the proceeding data. 

In order to apply the large correction due to the 
presence of the toluene, 26*538, 25*719, and 25*939 
g. of this hydrocarbon were compressed separately 
in Piezometer II. and found to need mercury addi- 
tions of 11*105, 10*578, and 10*820 g, respectively, 
between 100 and 500 megabars. Subtracting from 
each the value which was obtained in this piezo- 
meter with mercurj^' alone (0*249 g.) and dividing 
by the weight of toluene in each case, values for 
the difference in added mercury over this pressure 
range produced by one g. of toluene, 0*409. 0*402, 
and 0*408 are obtained, in mean 0*406. The pre- 
sence of the additional glass had an effect (in the 
contrary direction) hf 0*0032 per g, These values 
were substituted in the equations already given 
(the most convenient for this purpose have the 
form given in the Journ, Am. Chem. Soc.j 1915, 
xxxvii., 471, with the addition of another term, 
0*0032 X5*fc in the parenthesis in the numerator 
to account for the glass container within the piezo- 
meter). 


Table III. — Data for Compressibility of Solid 
Gallium {at 20®). 


I. — Piezometer with 429*2 g mercury alone. 


Press, range. Wt. Hg, 
99*0-283*7 (0*1250) 

997-2W9 (O' 1334) 

90*6-305*6 (0*1412) 


Press, range. 

283*7-47^7 

299 * 9 - 495*9 

305*6-499*0 


Wt, Hg 
for 400 
Wt. Hg. megabars 


(0*1263) 0*264 

(0*1245) 0*261 

(0*1236) 0*259 


Av., 0*261 

II. — Piezometer I with 23*42 g. solid gallium, 
0*871 g. toluene, and 5*86 g. glass test-tube con- 
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tamer (one of these trials was rejected as ob- 
viously in error, probably from a mistake in 
weighing). 

88*0-359*3 (0*2397) 357 ‘ 3 " 49 C )*3 (0*5428) 0*560 

115*0-275*0 (o*:2397) 275*0-505*3 (0*5428) 0*561 

130*6-302*8 (0*2505) 302*8-513*5 (0*5299) 0*564 

Av,, 0*562 

III. — Piezometer I. with 19*47 g. solid gallium, 
0*858 g. toluene, and 5*86 g. glass. 

115*9-298*0 {0*2638) 298*0-510*1 (0*2716) 0*548 

107*1-303*9 (0*2829) 303 ' 9-494 I (0*2472) 0*549 

Av , 0*548 

Thus two values for the compressibility of solid 
gallium are obtained : 0*0000024 and 0*0000016 — 
in the mean 0*0000020. The comparatively poor 
agreement of the results is to be regretted; it is 
probably to be ascribed to the complication and 
consequent size of apparatus, adopted because of 
the low melting point of gallium. Although only 
preliminary, these results are, nevertheless, worth 
recording, since they are the only results foi* this 
constant w*hich have been obtained. 

Determinations of the compressibility of liquid 
gallium were less satisfactory and need not be re- 
counted in detail ; but they showed indubitably 
that liquid gallium is far more compressible than 
the solid, although it is more dense. The average 
of two determinations was nearly 0*000004 — about 
the ’yalu^ for mercury. This is an interesting ex- 
iihple of the rule to which no exceptions at rnoder- 
ate pressures have as yet been found : that liquids 
are more compressible than their solids. 

VI L The Surface Tension of Liquid Galliitm. 

Mention has already been made, in brief extracts 
(‘^Carnegie Inst. Year Book,” 1919, No. 18), of 
the work on the surface tension of gallium; the 
work is now to be described. For the present 
purpose, the flat-drop method often used for mer- 
cury (for example, Chwoison, Lehrb, Phys.^ 
1902, i., 602) is the most suitable, since, because 
of the property of adhering to glass possessed by 
gallium, the capillary-rise method could not he 
conveniently employed. 

The flat-drop method consists in measuring the 
height between the greatest diameter of a large, 
flat drop resting on a horizontal surface and the 
highest level of the top of the drop, which must 
be large enough to have a perfectly flat surface 
in the middle. The drop, of course, must rest 
upon a surface which it does not ‘‘wet.” 

The mathematical expression for the computa- 
tion of the surface tension reduces from a very 
complicated form to the simjDle equation zy 
Where y is the surface tension, S the density of 
the substance at the temperature employedj and 
A the height in millimetres above the maximum 
diameter. 

The work of Laplace (Laplace, Mec, Cel.^ 1845, 
iv., 538), Quincke (Quincke, Pogg. Ann,, 1858, 
cv., 38),' and Meyer (Meyer, Wied, Ann,, 1894, 
liii., 845)^ may be merely mentioned Heydweiller 
(Heydiveiller, ^xnn, Phys. Chem,, 18^, Ixv., 
311; see also Gnadenwitz., 1899, Ixvii,, 467), 
like Quincke, called attention to the necessity of 
a large drop and further proved that the form of; 
a solidified dro 1 was of little use jn determining! 
the surface tension of a sojid. Stdckle (Stockle,^ 
Wied, Ann,, "898, Ixvi., 499) showed that after re- 
maining for 1^ >urs in contactV^f^ ^ liquid 
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usually showed a smaller surface tension than at 
first, the final values agreeing essentially with 
those observed in a vacuum Evidently, then^ 
one must wait until constancy is attained. 

In our own experiments the gallium of which 
the surface tension was to be detei mined was sup- 
ported on a plane surface at the bottom of a small 
box immersed under the water of an accurate ther- 
mastat and fed with an atmosphere of pre carbon 
dioxide. The box w'as of iron about 15X8X 10 cm. 
On its front side was cemented a small plane 
window of optical glass, and in the rear a some- 
what largei window-pane was secured. Both 
w'ere sealed into place by a w*atertight paste made 
from litharge and glycerine, protected by a thin 
coating of parafiin. The top of the metal con- 
tainer W'as closed w'lth a piece of mica with a 
small hole for introducing the metal. 

The plane surface employed for supporting the 
liquid metal was at first a block of paraffin, later 
a block of hard wood, and finally, when con- 
tamination from this substance was feared, a 
small block of gas carbon. Paiaftin becoming 
somewhat softened at 30° adheres slightly to the 
gallium, and even hard wood was not wholly free 
from this difficulty, but carefully smoothed and- 
polished gas carbon proved to be a wholly satis- 
factory support. The box was coated both inside 
and out with paraffin to preserve the gallium 
should it be accidentally displaced, and to prevent 
rusting and leaking. The carbon dioxide w'as 
passed through a U-tube immersed in the thermo- 
stat in order that it might enter at the constant 
temperature. The thermostat itself, consisting of a 
lar^e squaie metal box, had a window' of plane 
optical glass both in front and the rear. Very 
great care \yas taken to have the front pane and 
that of the container box vertical and exactly 
parallel in order that there might be no error from 
refraction This was accomplished optically by 
measuring by means of a perfectly horizontal tele- 
scope (that of the cathetometer used later for 
measuring the height of a drop), the position of 
a distant spot of light (on a level with the tele- 
scope), as reflected in these glasses. The carbon 
dioxide employed was made from pure marble, 
and purified by a saturated solution of sodium 
hydrogen carbonate (the water having been boiled 
to free it from dissolved oxygen) and concentrated 
sulphuric acid. An* must be excluded wholly in 
order to prevent oxidation of the gallium. The 
purest sample of gallium employed was Sample 
E, already describe^ ; melting at 29*75° it must 
have been v&vy nearly, if not quite, chemically 
pure. 

Mercury also was measured, to serve as a check. 
Several samples were employed, the best having 
I'emained for sometime under sulphuric acid with 
agitation and also having been sprayed six times 
through a tower containing dilute nitric acid as 
well as finally through one containing water to 
remove the acid. The mercury was subsequently 
dried in a large eva-ppratjug dish, distilled in a 
partial vacuum, and 'filtered. 

Before reading th^ height of the drop, the lif hid 
metal was allowed /to remain on its €arefi|ll^' 
levelled platform in the small thermostatted eoh- 
tainer with the perfectly vertical window, liintil 
.odn^tahey reached. .No clianto ^ 

observed , wifh after 20 

^althoiigh jUsualS; ^at an 
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Mercury attained constancy even more promptly 
than gallium. The drop of the latter metal must 
be occasionally shaken and even stirred on top 
with a glass rod, introduced through a tube from 
the top, otherwise inconstant values, above the 
final constant one, are obtained. Perhaps a very 
thin quite invisible film of oxide sometimes formed 
and exerted a disturbing influence, in spite of the 
great pains taken to exclude oxygen. Of course, 
the drop must be perfectly dry and wholly free i 
from acids. 

The measurement of the height of the drop 
above the point of maximum diameter was usually 
made by locating the latter with the help of a 
small carbon -hi ament lamp on the level with the 
telescope. A brilliant point of light obviously 
appears on the desired level, and it is easy 
(especially if the aperture of the object glass of 
the telescope is much reduced in diameter) to 
measure the distance between this point of light 
and the fiat top of the drop. The measurement 
was -made by an accurate eye-piece micrometer 
which was standardised by moving the telescope 
exactly i mm. and counting the number O'f turns 
on the micrometer head necessary to bring the 
image back to the cross hair once more, or by 
actually measuring a inetal rule in the thermo- 
stat at the same distance from the telescope as the 
drop of metal to be measured. Both methods 
gave essentially the same result for the standard- 
isation of the micrometer. 

In order to test the size of drop necessary to 
give the maximum height, drops of merctiry vary- 
ing from r6 to 23 g, in weight were measured, 
and of gallium varying from_ 3 g. to log. At 
least 15 g. of mercury (producing a fiat drop with 
a diameter of is mm.) was needed to give 'an 
approximately constant value. 8 g. of gallium 
giving a drop of the same diameter was apiiarently 
enough to give nearly constant results with this 
less dense substance. Pfobably, in order to attain 
the highest accuracy, even larger drops should be 
used. 

The final determinations for mercury and gal- 
lium follow. The large letters designate the 
purity of the samples according to the descriptions 
already given; the small subscript letters indicate 
different fillings and settings of the apparatus 
Each figure given consists of the average of 18 to 
‘ 20 readings. Preliminary experiments with impure 
' materials in which the various conditions of ex- 
perimentation were developed, are omitted. All 
' of the final results are given in each case. 

Table IV . — TJks Surface Tension of Mercury 
. > ca 3o^ ^ 

Final Determinations. 


t 

Settkig 

ISJo. 

Wt. sobji 

Height drop 
mm. from 
max. diam. 

Surface 

teusionf. 

i Eeiating 

|oa, 


... I 

i8* 132 

2*5SOi 

43*V7 

Wood 


2 

20*446 

2*5532 

44’o8 

Wood 


3 

33*384 

2*554? 

44* t2 

Wood 

c 

... 1 

17*068 

2*5509 

44*00 

Wood 


2 

2X*762 

2*3403 

43*04 

Wood 


3 

27*W 

2*5532 

44*07 

Wood 

e 

... i 

15-7 

2*570 

44*06 

Carbon 

1 

^ 2 

30*7 

2*580 

45*02 

Carbon 


3 

15*2 

2*572 

4473 

Carbon 


. 12*31 

^4 2*542 

43*69 

Carbon 




-2*544 

43*74 

Carbon, 

£' 

... i 

v|2^5 V 


43*21 

Cazhon 


2 

15*24 


43*31 

Carbeu 




Av. 

, 44*06 

* 


The Surface Tension of Gallium at 30"^, 
Final Determinations. 


Sample and 



Height drop 
mm. from 

Mg./Mm, 

Resting 

setting. 

No. 

Wt. ga. 

max. diam. 

on 

Ee 

J 

8*11 

2-467 

36-611 

Carbon 


2 

10*05 

3-463 

36-54 

Carbon 


3 

10*05 

3-458 

36-43 

Carbon 

Ef ... 

1 

7*07 

3-470 

36-69 

Carbon 


2 

10*04 

3-473 

36-75 

Carbon 


3 

10*04 

3-473 

36-75 

Carbon 

Eg ... 

1 

8-35 

3-461 

36-50 

Carbon 

2 

996 

3-470 

36-67 

Carbon 

Eh 

1 

8-S4 

3-454 

36-3(> 

Carbon 


2 

10*00 

3-458 

36-43 

Carbon 

lii 

1 

8*30 

3-458 

36-44 

Carbon 


2 

9*92 

3-461 

36-41 

Carbon 

Ej ... 

1 

8*94 

3-463 

36-44 

Carbon 

2 

9*88 

3-464 

Av. 

36-55 
, 36-54 

Carbon 


The rather wide range in the case of mercury 
from 43-2 to 45*0 is greater than is desirable; it is 
doubtless due to the difficulty of adjusting all the 
optical requirements of the system to perfect uni- 
formity. Since a great many different settings 
of the apparatus were made, it .seems fair to con- 
clude that the average has almost, if not quite, 
eliminated uncertainty from this source. 

In the case of gallium the range is much 
smaller, probably because of increased exi>eriehce 
and dexterity. The earlier experiments where the 
metal rested on parafftn and contained consider- 
able indium were somewhat higher than the final 
ones made with purer substances and n^ore ealls?- 
factory supi>orts. These latter 
little to be desired. Id brief, thfn> ^ 

surface tension of mercury at ' 

mg. /mm. (which is very neat, tlw and 

other accurate experimenters); and that of liquid 

f allium to be 36*54 mg. /mm. In terms of 
ynes/cm., the values become, respectively, 432*0 
and 358*2, since g5»98o*4 in Cambrid^je. Thus the 
surface tension of liquid gallium is about five 
times that of water. 

yilL The Latent Heat of Fusion of ; 

Berthelot determined the latent heat 
of gallium calorimetrically in the usual way, ob- 
taining a value 10*08 calories, wr 4 (Berthelot, 
ComfL rmd,j 1878, ixxxvi., 786). We have used 
the somewhat preferable method, based upon the 
familiar equation of Clapeyron. The values in 
the equation Q-T {Vi — F5) d^/d7" are easily 
determined with accuracy. In this equation, of 
course, T represents the absolute temperature, 
Vi — Vs the change of volume of a, grm. of sub- 
stance on meltingv^and pressure. Of course, 
since Q is always positive (that is, heat is always 
absorbed on melting), an increase in volume on 
solidification necessitates a negative tqmperaturb 
coefficient. The experimentation is most con- 
veniently carried out according to the method used 
by Demerliac (Demerliac, ihid.^ 1896^ 117 ; 

solidification necessitates a negative temperature 
pressure required to maintain equilibrium in a 
mixture of the solid and liquid Jphase at a fixed 
temperature. ^ ^ \ 

Ohr appyati^, a piezometer similar 

^ lhat .;i^#d ;|n* the^cbihpr^ experiments, 

bul^orf mly qptoer.pe size, and with a narrower 
this piezometer the gallium 
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\vas contained in a small open test-tube protected 
from the mercui*y on top by an inert liquid. 
Neither the gallium nor the surrounding liquids 
need be weighed. The thermostat was ananged 
so that it could be adjusted quicMy at, any de- 
siied temperature over the range of 2’" or 3^^, and 
was provided with an adequate heating arrange- 
ment which could be regulated with great nicetv. 
In detail the operations were as follows. 

The piepmeter (having been cleansed thorough- 
ly and dried in a current of air) was partly tilled 
with mercury and placed in a larger vessel which 
was evacuated in order to remove air. The little 
test-tube containing a cylinder of gallium (cast 
as before) was then placed in the piezometer, 
covered with either toluene or water, and again 
partly evacuated to remove air. After the piezo- 
meter had been completely tilled uith toluene (or 
water) and the stopper (without lubricant) placed 
in position, a portion of the gallium was melted, 
and sufficient mercun” was placed in the side arm 
of the piezometer so as to make contact at the 
platinum point when equilibrium had been reached 
‘ at the desired pressure. Since the piezometer was 
used at practically constant volume, the respec- 
tive amounts of the two phases of gallium had to 
be adjusted to this volume by cautions melting or 
freezing, accompli^^d by temporarily altering 
either pressi^e or temperature. 

df gallium was thus deter- 
between 200 and 450 
the pressure, at which equili- 
' 'leached at a defmite * long-maintained 
temperature. The pressures weie measured by 
the absolute gauge already mentioned, and the 
temperatures were referred exactly to the inter- 
national hydrogen standard. The first three trials 
were rejected as merely preliminary, although 
essentially like the later ones. All the others are 
;given in Table V. 

' T A B I^e V . — 'Change of Meliiug Point •witli 
Pressure, 


APjAT 

—495 
—495 
—485 
-^486 
— 4^5 
— 49 J 



No. 

Press ia 
xnegsbars. 

Centigrade 
melting pt, 

Af>. 

An 

(A) 

1-0 

20752 

— 

— 

4 

348-9 

20*047 

347*9 

-0*705 

5 

441-1 

28-859 

440-1 

—0*893 

6 

248-2 

29*242 

247-2 

' — 0*510 

7 

248-7 

29*242 

247-7 

' — ^0*510 

8 

443-2 

28-842 

44 -*-2 

— o-gio 

9 

349-7 

29*045 

348-7 

^—0-708 


, Av. 346 4QO 

These figures naturally fall into three groups 
when classified according to , pressure, but it is 
evident upon comparing Experiments $ and at 
the highest pressure that the possible error of ex^ 
perimentation is as great as the; total range in the 
values of aPI'aT, Therefore ^the^ figures arf 
not accurate enough (because; of the ' 
lively small pressure ran^)* |a determine 
change of dpjdT with pressure.!-. The best meffiiod 
of utilizing the results ie jtd'jissrune that 
^ayerage applies to an avera^^ 
be taken as one-half of 

A// A r is approximaiei^ 



BRITISH WEIGHTS AND MEASURES AND 
THE METRIC SYSTEM.* 

Faced with a demand in certain quarters for the 
compulsory adoption in Great Britain of the 
Metric System, the Conjoint Board of Scientific 
Societies appointed a Committee to report on, not 
the theoretical advantages of the metric system 
which are indisputed, but the necessity of making 
it compulsory in this country for all intents and 
purposes. The British system of weights and 
meausures has grown unscientifically almost from 
prehistoric times, and the system itself, as well 
as the use which has been made of it is unneces- 
sarily complex and wasteful of time and arith- 
metic. Its defects, indeed, are so obvious that 
there has been for many years strong propaganda 
in favour of its eradication. Bodies such as the 
Decimal Association have assumed that the metric 
system is undeniably superior, and have perhaps 
made light of the very real difficulties of a change. 
With every increase in complication of technical 
processes and the establishment of each new 
scientific industry, it has been almost natural to 
work in the metric system, which became so well 
known in our factories and machine shops during 
the war, that the time was undoubtedly favourable 
for a radical change in our units of measurement 
Nevertheless, the Committee of the Conjoint 
Board, have, after long and careful consideration, 
confirmed the opinion expressed by Ix>rd Balfour 
of Burleigh^s Committee on commercial and indus- 
trial policy after the war— that it is not desirable 
to make changes compulsory; except perhaps in 
one qr two special trades. 

It cannot be denied, that many scientific men, 
as well' as propagandists, consider this verdict 
thoroughly ^ reactionary. It is therefore worth 
while to extoine the question with some care. 
The Metric Ccmafnittee pc^t out in their preamble 
that the terms of refeneto— 4 he advisability or 
otherwise of compulsory, .adoption* — removed the 
question out of the purely scientific sphere, and 
made k necessary to coii^ider the effects in com- 
mon life as well as in technical manufactures and 
industries. 

They point out the great distinction between 
measuring and making^ to measure, the latter 
being in ordinary life fair ^more common /than the 
former, in the greato. part of commcm manu- 
facturea and Mill trades it is a case of matog, 
ofiefi rafchesr few given dimei^ions, 

or of sand minting to ^pne ,or other 

of a relatively few ^ The British units are 

not well related, and ^specially they rarely have 
decimal relations, as they are they are 

well established , :^4i Ferfeqtly standardised. 
When reformers epea|s ^ confus^ iu British 
measures they must i^edp either amaplexity in 
relations, or confusi^ .iffeuse, Ihire iss no con* 
in the there nm 

' l0ot^,and||)oTO'<| 

the#m^£tod ipr ^ere 
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mean. But they lend themselves ill to calcula- 
tion, owing to the fact that the various units are 
not inter-related decimally, which makes them 
totally unsuitable for any scientific work, and far 
from convenient in any technical work, such, for 
example, as the simple process of making up a 
photographic developer. All this is common 
ground. Nevertheless, the Committee came al- 
most unanimously tt> the conclusion that for the 
ordinary purposes of life the metric system is not 
superior to the British system, since it does not 
lend Itself readily to the ingrained habit of sub- 
division to halves and quarters, a habit which no 
decimal system is strong enough to conquer. 
Moreover, the Committee believe that the advo- 
cates of a change have not paid sufficient atten- 
tion to material difficulties. The trouble of 
changing all the weights and measures in the 
country would be trifling compared with the diffi- 
culty of providing all the sacks, barrels, glasses, 
jars, boxes, &c., which would be required if all 
sales were to be made in metric weights and 
measures from a given date. They point out that 
the inconveniences of a change of system are felt 
in each individual transaction, and that the quan- 
tity dealt in is relatively unimportant. The retail 
trade in small quantities would feel the weight of 
the change. It does not appear to the Committee 
that any changes desirable in the units of weight 
in the foreign trade require the abolition of the 
avoirdupois pound as the unit of weight in the in- 
ternal retail trade of the country. A change in 
the unit of length immediately interferes with all 
standard sizes and fits, which would inevitably be 
perpetuated almost indefinitely alongside the new\ 
For reasons such as these, which are fully set out 
and discussed in their report, the Committee re- 
commend that the British system of weights and 
measures be retained in general use in the United 
Kingdom, but that serious attention should be 
given to their decimalisation and to the elimina- 
tion of those which do not lend themselves readily 
to this purpose. They suggest, for example, the 
abolition of the pole, furlong, and the league, and 
the limitation of the link and chain to use in the 
determination of area; the abolition of the square 
rod or perch and the rood, all areas of land being 
in acies and decimals, or in square feet. In the 
measures of weight they propose the abolition of 
the gram, drachm, stone, quarter, and cwt. of 
U2lb., and the complete alx>lition of apothecaries' 

■ weight In the measures of capacity, they suggest 
the general use of the gallon, with the customary 
subdivision into quarts and pints for retail use; 
the abolition of the peck, bushel, quarter, 
chaldron, and barrel, and the substitution of 
measure by weight. Finally, and this recom- 
mendation is ^as important as any, they insist on 
a more sensible use of the remaining measures, 
by confining each statement of measure to one 
unit— 75 inches, for example, instead of 6 feet 3 
inches — and the more extended use of the central 
and thousand- weight, which are already much em- 
ployed in certain industries. In one trade only, 
that of drugs and fine chemicals, do the Com- 
mittee recommend the immediate compulsory 
adoption of the metric system. They recognise to 
the lull, however, the inadequacy of the British 
systena m all scientifk and technical processes, 
and they suggest that reform in these should be 
brought about graddk$ly, by agreement on the 
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part of Government Departments, large com- 
panies, and contractors, to issue specifications and 
invite tenders in the metric system. 

A draft of the Committee's report was submitted 
to the Constituent Societies represented on the 
Conjoint Board and their criticisms are printed in 
full, the purely scientihc societies, such as the 
Physical Society, the Faraday Society, and the 
Royal Society of Edinburgh, express strong dis- 
sent from the recommendation j while the techni- 
cal societies, such as the Electrical P'ngineers, the 
Engineers and Shipbuilders m Scotland, the In- 
stitute of Metals, Mining Engineers, Naval Archi- 
tects, and others, are in general agreement. 
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PHYSICAL SOCIETY. 

April 8, 1921. 

Mr. W. R. Cooper in the Chaii. 

The following papers were read : — 

M New Registering Microphoto meter . By Dr. 
W. J. H. Moll, University of Utrecht. 

A diminished image of a slit, on which the fila- 
ment of a half-watt lamp is focussed, is projected 
by means of a microscope objective on the photo- 
graphic plate or other object of which the absorp- 
tion IS to be measured. A second similar objec- 
tive focusses an image of the slit, magnified up 
to its original size^ on a second slit behind which 
is mounted a sensitive thermopile of the author’s 
own design connected to an improved D'Arsonval 
galvanometer. By suitable gearing to an electro- 
motor the photographic plate is given a slow 
motion at right angles to the beam or light, and at 
the same time a drum of photographic paper, on 
which the spot from the galvanometer is focussed, 
is caused to rotate at a suitable rate. A record is 
thus obtained of the density of the plate at differ- 
ent parts encountered by the beam of light. The 
arrangement is dead beat and so quick in res- 
ponse that intensity curves of close spectrum lines, 
Zeeman triplets, &c., are accurately recorded. 

Discussion. 

Mr. R. S. Whipple thought that the dead-beat- 
ness and quickness of the apparatus were un- 
equalled. There was a beautiful feature of the 
records to which Dr. Moll had not referred; they 
showed the actual texture of the photographic 
plate as ripples on the base line. He believed the 
author was engaged in another research which 
would throw light on some important problems in 
connection with the blackening of photographic 
plates. It would be difficult for most of those 
present to imagine that the record of the Zeeman 
effect shown had been taken inside half-a-minute. 
It was a triumph of experimental skill. 

Prof. Rankine said he had had the privilege of 
being about during the last few days when Dr. 
Moll and Prof. Ornstein had been erecting the 
apparatus. He had suggested that the instrument 
might be used to settle the question of the exist- 
ence of the canals on Mars. In this connection 
Dr. Moll had told him that the eye saw many 
things which did not exist and missed many things 
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which did. An example which might be of in- 
terest to radiologists present was the case of an 
X-ray photo of a square hole in an opaque screen. 
It was frequently asserted that Jthe intensity was 
greater at the edges of ^uch a sqv^re than at the 
centre. The thermopile showed that this was 
wholly an illusion. 

Mr. Guild said he could only express the great- 
est admiration for the instrument they saw before 
them. He was particularly interested in the gal- 
vanometer. They had recently been installing 
radiometric apparatus in the Optics Department 
of the National Physical Laboratory, and were 
using a Paschen galvanometer. They were 
troubled so much with the zero changes due to 
stray magnetic fields from the adjacent electric 
railways and from sources within the laboratory 
that the advantages due to the sensitivity of the 
galvanometer -were largely nullified. He looked 
forwaid with very great interest to the advent of 
Dr. MolFs thermopiles and galvanometers on the 
British market. 

Dr. J. S. Anderson said he had had the pleasure 
of hearing Koch describing his microphotometer. 
He had thought the chief objection to Koch’s in- 
strument was the variability of the photo electric 
cell. The modem forms were much less variable, 
and probably the objection did not now' hold to 
the same degree. Dr. Moll was, how’ever, to be 
congratulated on so successfully employing the 
easily manipulated thermopile for the 

Mf. C. R. Darling thought the instrument 
would be readily adapted to form a recording 
radiation pyrometer. 

Mr. F. E. Smith said he would like to know 
how Dr. Moll had made such an excellent thermo- 
pile. Through the kindness of Mr* Whipple he 
had had the pleasure o-f working wdth one of them, 
and there was no question of its excellence, but 
he had not been able to see how it was made. 

Dr. MOLL^ in reply, said the secret of his 
thermopiles consisted of getting the junctions 
which received the radiation to be of very low heat 
capacity. With most thermopiles the bulk of the 
heat capacity was due to the solder at the junc- 
tions. His method of avoiding this was as 
follows : He took two thick plates of the metals to 
be used, Constantin and manganin, and soldered 
them end to end, scraping off the excess of solder. 
The metals already joined in this way were then 
rolled out to the desired thinness, and cut into 
strips. In this way, strips only iik thick were ob- 
tainable with no excess of solder at the junctions. 
The other junctions were made of large heat capa- 
city to give constancy of temperature of the “cold” 
junctions. 

As regards the galvanometer, the principal 
modification which he had introduced was to have 
the coil held by two strips of bronze in tension 
instead of suspending it by the upper strip in the 
usual way. This gave greatly improved con- 
stancy of zero. 

A f 'plication of the Ionisation Spectrometer to the 
Determination of the Structure of Minute Crys^ 
talsf* By. Sir W. H, Bragg, F.R,S. <read in his 
absence by Dr. E. A. OWEN)/ 

It is shown that crystals in the form of powder 
can be examined by the, ibnisation methpd* ^iThe 
powdei; is pasted op a fip^t surface an^ imaged on 


the spectrometer table in the position ordinarily 
occupied by the face of a single_ crystal. A bulb 
current of i milliampere is sufficient to give satis- 
factory records. 

Discussion. 

Mr. J. Guild said that w^hile listening to Dr. 
Owen, with the preceding Paper by Dr. Moll on 
improved thermo-electric meausurements still in 
his mind, he had been -vvondering whether the 
modern improvements in the methods of X-ray 
production and of radiometiy- had possibly brought 
us within reach of direct measurement of the 
energy of X-radiation, Using a sensitive thermo- 
pile with lead foil receiving plates, and a heavy 
discharge from a Coolidge tube, there might be 
sufficient energy stopped by the foil, although 
most of it would pass through, to give an indi- 
cation on the galvanometer. 

Prof. Ornstein thought that insufficient energy 
would be stopped by the thermopile to produce 
any effect unless the lead was so thick that all the 
sensitivity of the pile would be destroyed. 

Balasice Method of Using the Quadrant Elec-- 
trometer for the Measurement of Powers By Mr. 
Hubert Parry (read in his absence by the Secre- 
tarv, Dr. D, Owen). 

A new method of using the quadrant electro- 
meter for the measurement of electrical power is 
described. It involves the use of a potential- 
divider across the supply circuit, and a standard 
non-inductive resistance in series with the load. 
An ammeter and a voltmeter are employed to 
measure the supply voltage and the load current. 

An example of its application to determine the 
l>ower-factor of condenser is quoted. 

Discussion. 

Mr. C. C. Paterson said he had worked for 10 
to 15 years with electrometers for power measure- 
ments. ,He would like to see the method tried out 
more fully under varying conditions. With small 
power-factors one always had the result as the 
difference of tw'o large terms when using the 
electrometer. 

Another point was that the two voltages and 
Fj were not in phase. Of course, was small, 
but it would surprise him to find that it was legiti- 
mate to add them as the author had done. 

Dr. E, H. Rayner said they had not yet tried 
the method at the National Physical Laboratory, 
but were certainly going to. He wondered if the 
difficulty mentioned in connection' with small 
power-factors could not be overcome by connecting 
the needle to the mid-point of a large dividing re- 
sistance. There was always a danger, however, 
with small power-factors that the dividing re- 
sistance was not true as regards phase on account 
of the distribution of capacity. 

Dr. A. RUSSELL congratulated the author. The 
method was novel to him. The old method was 
quite good for high voltages, but for low voltages 
he thpught the authoPs method would be superior. 

Df. D. Owen said,: The authoPs P^er, of 
modest dimensions, contains an idea which jaro^ 
mjses to add decidedly to the value of t)be quad- ,, 
rant electrometer qsed for the measuiieicaient ' 
of electrical powfTf4,Xhe method^, beings a nrfl 
one,, possesses seytralNad vantages.; >In 
place, it mates U to utg^^ ^ ^ ^ 

possession ^ the , 
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biliti? attainable in virtue of mechanical debign. 
Further, as the constant of the electrometer dis- 
appears from the expression for the poveer, the 
usual calibration experiment with non-inductive 
load becomes unnecessary. 

In the form proposed, however, the method has 
one decided disadvantage, namely, that at low 
power-factoi’s the power required was obtained as 
the difference of two separately determined quan- 
tities, each of which might be of much greater 
magnitude. This is so, indeed, in the very test 
chosen by the author for illustration, and the effect 
is evident in the considerable discrepancy between 
two successive tests on the same condenser. 

Dr. Rayner has expressed the possibility of this 
source of error being overcome by connecting the 
needle to the mid-point of the non-induction re- 
sistance across the mains. This had occurred to 
me, and on trying it I found it to be the case. 
The adoption of this modification would not only 
eliminate the source of error occurring at low 
power-factors, but would simplify the expression 
for the power in the general case. Denoting by 
V/n the voltage drawn from the potential-divider 
(denoted by by the author) the exfiression for 
the power supplied to the load becomes 


is based upon two existing metlu>ds, viz : the tar- 
trate method of Harrison and Cair, and the ferro- 
cyanide method of Simmonds. The greater part 
of the quinine is directly precipitated as tartrate 
from an aqueous solution of the scales, an aliquot 
part of the hltrate being used for the extraction 
of the strychnine and residual quinine, the separa- 
tion being then completed by the precipitation of 
the strychnine as ferrocyanide. Characteristic 
strychinine residues are mostly obtained. Check 
experiments were made. The occurrence of small 
quantities of other cinchona alkaloids is shown 
not to interfere, with the exception of quinine, 
the behaviour of which is described. 

^4 Method for the Determination of the Acidity 
of Coloured Solutions,'' By J. L. LlZlUS, B.Sc., 

A.I.C. 

The method consists of passing the approxi- 
mately neutralised coloured solution through a 
filter paper previously treated with the indicator 
solution. Small quantities of standard alkali or 
acid are added to the solution, which is 
then refiltered, and this procedure continued until 
the filter papers gives the permanent colouration 
of the indicator. 


W 
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All that is required in a test now is to adjust the 
mpping-ix)int on the potential-divider until the 
electrom^er needle is at zero, and at that instant 
to read off v on the voltmeter, may be observeii 
at leisure, and the only remaining factor in the 
calculation of the power is the standard non-induc- 
tive resistance R. 


SOCIETY OF PUBLIC ANALYSTS. 

Ordinary Meeting Afril 6, ig^i. 

Mr. Alfred Smetham, President, in the Chair. 

Certificates were read for the first time in favoui 
of Messrs. William Ellard Woolcott, Thomas 
Henry Pope, B.Sc., F.I.C.. 

A certificate was read for the second time ir 
favour of Mr. Percy N. Mould. 

The following were elected Members of the 
V Cofman-Nicoresti, Waltei 

K. Fletcher William Singleton, James Darnel] 

F.LC., Edward Brad. 

The following papers were read 

of Strychnine in Scale Preiara- 

alkaloids are discussed. 
So^ of tfae^ are useless, whilst others give satis. 

apphed,,to the somewhat altered alkaloidal resi 

scale' pr™: 
recommended by the authors 

whtch has sbfiir pib^^.satisfactoiV in praS; 


“The Action of Water on Lead," By J. C. 
Thresh, D.Sc., M.D., F.LC. 


The author referred to the conflicting views held 
with reference to this action, notwithstanding the 
large number of chemists, wlio have attacked the 
subject. He, therefore, commenced de navOj and 
found that water free from dissolved oxygen had 


rne oxygen is usea up. me raw or action 
ing on the amount of oxygen pijesent He- then 
proceeded to enter into theoretical explanations as 
to the chemistry of the reactions which take place. 


“A Colour Reaction for Aconite." By S. 
Mellaneh, M.D.^ D.P.H. 

The author states that colour reactions at pre- 
sent known for aconite are really those of , J' 
zoic acid, and that colour reactions 
seldom useful unless applied to pur4iMk^f|Mi. 
He has devised a method W' he 

specific for aconite, and is very involving 

the^ use of potassium f errkyanW© formic acid. 

This the author considers, very ' ulelul for medico- 
legal purposes, particularly in India, and it is 
applicable not only to the pure alkaloid, but also 
to the powdered root. He seeks confirmation of 
the test. 


■V 


NATIONAL ASSOCIATION 
OF INDUSTRIAL CHEMISTS. 


At the Fourth Annual Meeting of the National 
Association of Industrial Chemsits held at 
Sheffield recently,^ and presided over by Mr. A, B. 
SearlE^ among other important business trans- 
acted was the reading of the General Secretary's 
report on the activities and progress of the Asso- 
ciation during 1920, from which we 'note that: — 
Although many difficulties were met with during 
the latter^ half of the year, chiefly as a result of 
the Coal Strike and the decline in trade, the 
N.A.L.C. came successfully through a period 


Notices of Books 


which proved to be the most critical since its for- 
mation. At present there are nearly i loo members 
on the register, and a slight gain in membership 
has been made : many other trade unions, on the 
contrary, were not so fortunate, and union in 
particular has reported a loss of so per cent of 
its membership. The Secretary also states that 
there was a balance in hand at the end of the 
year, but this would not have been possible unless 
economy had been rigidly observed. The publi- 
cation of a ntagazine by the Association was care- 
fully con^sidered by a committee, but was deferred 
on ac^^b^unt of cost. The matter is not being lost 
sight of, however, as it is felt that such a publi- 
cation would be of considerable value as a 
medium for keeping in touch with the members 
(especially those not attached to a Section), and 
also in making the Association's aims and objects 
more widely known. The amount of correspon- 
dence dealt with by Headquarters was particularly 
heavy, whilst reports on the Association’s affairs 
have been published in the chief trade journals as 
occasion arose. 

The President devoted much time in attending 
meetings of the various Sections, and in interview- 
ing many of the individual members. He also 
gave lectures before the Sheffield Section, and his 
advice and assistance, Buoyed invaluable O'U numer- 
ous occ 5 ^ops« ^ Jhe N.A.I.C. was very 

fortup||^||#iMfe,|A kp fill the vacancy created 

frctoi the Presidency 
taken of the 
.ahd (juite a^fcmber of members’ 
were helped with a variety of problems. Although 
much time and labour were spent in this 
nature of the work does not permit of a detailed 
statement for publication. With regard to 
come tax rebates, it is interesting to note that a 
statement has been received from the Commis- 
S#^l?s of income Tax to the effect that, although 
damaged clothing, travelling expenses, 
Scfemjiic bookSy subscriptions, &c.j cannot be 
granted indiscriminately to industrial chemists, 
members of die N.A.I.C. may put in a claim for 
such expenses if they are necessarily incurred in 
the course of their employment. The economic 
status of the members was always uppermost in 
the minds of the Association's officials, and a 
special committee was formed e^rly in the year to 
cbnsider and draw up a scale of mliaimum salaries. 
This very difficult and complex subject was 
tackled Whole-heartedly by the committee, and 
eventually a scaH was submitted in and approved- 
by the National Council. A copT^f the was 
then forwarded to all memb^tk with 4 request 
that any member receiving less ^an the minimum 
mentioned therein should oommnnicate with the 
Secretary, who should then endeavour to secure; 
an increase in salary. Although the Coal Strike^ 
and the slump in trade has interfered temporarily 
with this scheme, the results, were satisfactopr,! 
and well over lOo members l^ve received 
creases in salary. Even thoug^s these e^^deavotuf^i 
to obtain better pay were upset^y, uploresen clr^ 
^fcomstances, the , experience gaijp d to sfcdw 

piat, the Association has veiy^ieod prosp^^s^ hf 
ipuch better in this dl^dl&n^wlen ’ 

teffihPfmaL >noth€^;comMfw’^fe|fe];|feed|^ 
to * preliminarms 

tion, of Chemistl m gider W ? 




held and many difficulties overcome. The nego- 
tiations are still proceeding. With regard to the 
employment bureau, there are now nine members 
on the register who are out of work, and 15 other 
members requiring a change of situation. Several 
members have secured situations with the Asso- 
ciation’s assistance, and two members have re- 
ceived considerable increases in salary. During 
the first eight months of the year, an average of 
one working day per week was involved in this 
service. There is undoubtedly a tremendous 
amount of work to be done in the interests of the 
industrial chemist, but first of all it is essential 
that every effort should be made to obtain a strong 
organisation, both numerically and financially, 
and one that is fully representative of the indus- 
trial chemists of Great Britain. It is possible that 
much headway may be made in this direction by 
amalgamation with the British Association of 
Chemists and possibly by affiliation with the ‘‘non- 
manual workers federation.” 

The Secretary also- explained that it is impera- 
tive that every works chemist, both in his own 
interests and those of his fellow chemists, should 
belong to a trade union, and. that it is his duty 
to make that union a strong one. Moreover, it is 
felt that there is a good chance of doing so because 
the works chemist, a^ter the comparative safety 
which he has enjoyed during the last few years, 
now begins to realise that He must have his protec- 
tive society like any other worker. Reference is 
then made to the work of the Local Sections which 
is both educational and social in character, and 
also to the invaluable support and assistance 
which has been rendered the officers and coun- 
cillors of those Sectioi^s. 

All ocmineiunications with reference to the 
N.A.LC. should be addres^ to the General Sec- 
retary, The,- White Building, Fitzalan Square, 
'Sheffield. 


NOTICES OF BOOKS. 

Journal of Indian Indu^pieS and Labour. Vol. 
L, Part I. Ill .Pagesjfy Pages of Illustra- 
tions. 

All who are interested in Indian industrial ques- 
tions will welcome the ’ appearance of the new 
Jottm^l^ and Labour^ the first 

, f(>|4wfi|ciif^has just .been published by fiie 
'Pf'IndM'' J Sphere is a distinct need 
fof of 4ms kind,, and it is stated 

that the Journal is to be supplemented by a series 
of bulletins dealing with special subjects. The 
JbumaL as Sir Thbmaa Holland explains in a 
foreword, has been stattied on the unanimous re- 
quest of Directors of Ihdusiries^ and ®in addition 
to ‘ its functions as a of union ^ between those 
who are working mmilar en^s in ffififcent 

Ji iSi a medium forfedm- 

witim md emtside 
assist pri'yat4;^eite‘-^ 
evdft reaision^ 


^tPsuet' gives every rea^o 


pa had 
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vinces and Berar,” in which, after a shrvey of the 
industrial assets of the Province and a suggestive 
discussion of the labour problem, he deals with 
such questions as Government assistance to in- 
dustries and banking facilities. 

Mr. N. M. Joshi contributes a frank and inde- 
pendent article on “Welfare Work in Bombay 
Cotton Mills,” a subject he has made peculiarly 
his own. We are glad to observe that the Jour- 
nal does not identify itself too closely with the 
official point of view, and that contributions from 
non-officials are invited. 

The article on “Researches in Tanning and the 
Calcutta Research Tannery,” by the Superinten- 
dent of the Tannery, Mr. B. M. Dass, gives a 
full account of the valuable work that the Tannery 
is performing. It is interesting to note that there 
IS a vigourous competition for admission into the 
tannery, and a keen demand for the services of 
the men it trains. In pure reesarch too, the re- 
sults attained fully justify the enterprise. The 
article is illustrated by plans and photographs, 
and should stimulate interest in the leather trade^ 
which has boundless possibilities in India. 

A research of a different type, but no less prac- 
tical in its conclusion, is illustrated by Mr. 
Cadre’s article on “Clove Oil from Clove Steins.” 
Mr. Gadre is Industrial Chemist to the Govern- 
ment of the United Provinces. His experiments 
go to show that the extraction o-f clove oil from 
clove stems can be profitably undertaken in this 
country, and it is hoped that some enterprising 
firm will make the attempt. 

Captain Frankau, in a short article on “The 
Gilt Wire and Tinsel Industry at Burhanpur, 
Central Provinces,” deals with one of the oldest 
of the smaller skilled industries of India. 

Minerals are represented by “Trade Notes on 
Bauxite,” by Dr. J. Coggin BroWn, of the Geo- 
logical Survey, who is at present attached to the 
Oiuce ot the Indian Irade Commissioner in Lon- 
don. This article — which is one of a series on 
Indian minerals about to be published in bulletin 
form^hoilld prove itost useful. After a des- 
cription of the appearance, distribution, and uses 
of bauxite, the author turns to trade particulars 
and deals with grades and specifications, the 
organisation of the markets, prices, and the 
sources of competing supply. There are some 
usefuj statistical tables, and in conclusion, a 
short discussion of the outlook for bauxite in 
India. 

Ai\ interesting discussion of the industrial un- 
rest jn Bengal during 1020 is given in “Trade Dis- 
putes in Bengal,” by the Director of Industries. 
The article is supplemented by. useful statistics 
giving particulars of the different disputes, with 
the numbers of men involved, and of days work 
lost. 

Mr, Fyfe, in the concluding article on “Indus- 
trial Education in Madras Presidency ” gives a 
thoughtful discussion of the reasons for failure 
in the past, and the conditions necessary for suc- 
cess in this line in the future. It is satisfactory 
to note that the question is receiving attention, 
not merely from Government, but from local 
bodies and private firms, and Mr. Fyfe makes a 
number of suggestions which should .not be 
Ignored by those who are interested in this very 
vital question. 

In addition to thej^^cles, the journal contains 


Sununaiicb of Indubtrial Intel hgence fui the 
different Provinces, and some miscellaneous notes. 
The Provincial summaries, are, unfortunately, 
not complete, but most of the leading provinces 
aie represei^tcd. These summaries give a review 
of industrial! activity throughout India, and of 
the part thdt' Government is playing in industrial 
development. 

The Journal is in a handy form, the print is 
clean, and the paper good. The price for a single 
issue is Rs. 1-8; the yearly subscription (for four 
issues) is Rs. 4-80. Applications for copies should 
be made to the Superintendent, Government Print- 
ing, India, Calcutta, or to agents for Government 
publications. 


NOTES. 


Conjoint Board of Scientific Societies. — The 
Executive Committee of the Conjoint Board of 
Scientific Societies state that at the General Meeti- 
ing of the Board held in March last it was decided 
to discontinue the publication of the “Annual 
Calendar” and “Fortnightly Bulletin of Scientific 
Meetings (Diary of Scientific and Technical 
Societies),” owing to the heavy printing liabilities 
incurred. 

Canadian National h'.XHiBiTioN — Applications 
for space from Canadian and American firms were 
reported in February last “to have been unprece- 
dented for this time of year,” and it wouJl4,^l3e 
advisable to forward applications at the earhewi 
possible moment to ' Secretary, Canadiair 
National Exhibition, 38) King Street Ea^t* 
Toronto, Ontario, Canada. 

Bulgaria. — ^According to a telegram which has 
been received in the Department of Overseas 
Trade from His Majesty’s Minister at Sofia, the 
Bulgarian Ministry of Railways is calling 
for tenders, to be submitted by May 9 for 1000 
tons of creosote and 50 tons of chloride of zinc. 
Further details are being forwarded, and will be 
available for inspection on receipt at the Depart- 
ment of Ovei'seas Trade, 35, Old Queen Street,, 
Westminster, S.W.i. It is advisable that firms 
tendering should act either through their own 
agents in Bulgaria or through some jnerchant firm 
established there. The names of “suitable firms 
are also available at the Department. 

Reversible Reactions of Carbon Monoxide on 
Iron Oxides. — Whether with ferric or ferrous 
oxide, as the latter is unstable below 580® C.,.only 
one equilibrium is possible below this temperature 

Fe5,0..4‘4C0^ 4CQf,+TFe. Above this tempera- 
ture, on the contrary, there are two equilibriums 
before reaching ir-pn. We have the Moissan pro- 
cesses : 

Fe,0.+C0^3FeO+COj 

FeO+CO;^CO,+Fe 

the three solid phases coexisting at 580® C. The 
composition of the gaseous phase could be fol- 
lowed with the refractometer. 'Constancy of tem- 
perature could be obtained by electric heating. 
Thus the curves of equilibrium can easily be 
formed. — Com'pies RenduSj January 17, 1921, 
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Institute of Metals — For the first time since 
its formation in 1908, the Institute of Metals will 
be paying m the autumn a return visit to a pro- 
vincial city. This Meeting will ^^Id in Bir- 
mingham on September 21-23, the first Autumn 
Meeting of the Institute having al^o been held 
in that city in November, 1908. Since then the 
membership of the Institute has grown from 200 
to over 1350, so that the attendance at the first 
Birmingham Meeting, excellent though it 
should be quite eclips^ by that at the forthcoming 
Meetmg. The arrangements for the September 
Meeting are in the hands of the Committee of the 
Birmingham Section o-f the Institute, of which 
Dr. H. W. Brownsdon, M.Sc. (Member of 
Council), is Chairman. The programme will in- 
clude a reception by the Lord Mayor of Birming- 
ham, visits to the University and works in the 
neighbourhood', as well as excursions in the 
locality. Persons desirous of attending the Bir- 
mingham Meeting as Members of the Institute 
should obtain the necessary application forms 
from the Secretary, Mr. G. Shaw Scott, M.Sc., 
the Institute of Metals, 36, Victoria Street, Lon- 
don, S.W, I, before April 20, when a Ballot for 
the election of members will take place. The 
subscriptions of. members elected as a result of 
the forthcoming Ballot cover an extended period 
ending June 30* 1922. In addition to being able 
to atte^ , tfe Birmingham Meeting, members 
elecfe<l^is a.rmult of the Ballot on April 20 will 
aiso^liave th^ privilege of being ^eligible to be 
pVe^ent at the forthcoming Eleventh Annual May 
Lecture. This special Lecture, which is given 
each year by a distinguished metallurgist or en- 
gineer, is to be delivered at the House of the In- 
stitution of Mechanical Engineers, Storey's Gate, 
Westminster, S.W. i, on Wednesday, May 4, at 
B p.m., by Prof. T. Turner, M.Sc., A.R.S.M., the 
subject of the Lecture being “The Casting of 
Metals " Visitor's tickets are available for the 
use of non-members, and can be had on request 
being made to Mr. G. Shaw Scott, 36, Victoria 
Street, S.W.i. ^ 

Very Active Saccharose Preparations. — Treat- 
ing 80 litres of crude yeast, during four days, at 
28^-25° C., with 100 of must and 50 of saccharose 
the percentage of saccharose is quintupled. The 
yeast thus treated, reduced by pressure to have 
30*4 per cent dry weight, is subjected to autolysis 
at is""- 16® C., in presence of toluol ; then filtered. 
Saccharose is extracted with water from the resi- 
due of filtration and precipitated by alcohol. The 
solutions of this precipitate are yet a little turbid 
and probably contain proteinous matter. Treated 
with kaolin, and filtered, they are perfectly clear. 
Adsorption by kaolin causes los's '6f about 10 per 
ceht. diastase. But activity per grm. of dry 
weight increases to about the same extent. The 
saccharose passes through the Chamberl and filter 
and collodion membranes; but dialysis improves 
the specific power of inversion and percentage of 
nitrogen in solution decreases, — Bull. Soc. Chim. 
de France, January 20, 1921. 

Properties of Rubber.— According to ’ O. de 
Vries, .the general effect of steeping the coagnlum 
in water is' an extraction of ^^ubstances ftom 
the serum, the result being a lo|s of weight, ofi 
o’2-o'4 per cent for crepe; o*s-3 for 

D-2-3 per cent foj non-rojfed' ” 


speed of vulcanisation is decreased. When steep- 
ing is prolonged there is a “maturation" with 
further loss of weight but an increase in speed of 
vulcanisation, so that the primitive retarding is 
decreased or transformed into an acceleration. 
Accelerators formed during “maturation" are only 
partiall^^ extracted by water. When, freshly 
rolled sheet rubber is steeped in water subsequent 
development of rustiness is not prevented, but 
greasiness is due to hygroscopic substances on 
the surface of the sheets, and tendency to develop- 
ment of moulds is prevented . — Le Caoutchouc., 
February 15, 1921. 


PAPERS RECEIVED. 


“The Metallic Hydrides and the Action of Hydro- 
gen on the Metals." By E. Tomkinson. A 
Paper supplementary to that o-f Mr. J. F. 
Corrigan, Chemical News, 1919, cxix., 259. 
Received April 18, 1921. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery I,iane, 
London, W.C.2., from whom all information relating to Pfiiiipnts, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent 

p36i_Blummer, E.— Process for the continual distillation of tars 
or oilis. March 29th. 

9436— Kiiae, F. P. J —Refining hydrocarbon oils, spirits, etc. 
March 30th. 

gjii—Kliva, Oeo.— Man^oture of fatty acids from hydro- 
carbons March 30®. 

Specifications pnblnhed th*s Week, 

143441— Strasser, A.— Process for deoidiaing and refining copper. 
I37o6,__0arrasse Fteres et Cie,— Process for the manufeciut^ of 
valeric acid and of alkaline valerates. 

139195— Gerber, V.—Manufacture^qf aluminium tutrida- 
Abstract Pnblisbod this Week. 

Vanadtum Oxtdes.'-Ur. P- A. Mwkay of 70 Lombard Street, 
London, has recently been granted a Pat^t No 15755 ? prbfiess 
of treating vanadmm ores with oleum. The solution is reduced for 
instance by sulphur, dioxide or hydrochlonc acid, or a carbonaceous 
reducing agent may be added to liberate sulphur dioxide from the 
solution, or in case chlorine is 3?®esent m the ore, an Mde 4 
reducing agent may be unnecessary^ , The solution is then <muted 
with water and the lead salute separated, leaving vafiadyl 
sulphate in solution. The vanadyl ^Iphate may he neutralised to 
pre^yitate hypovanadic acid, dr ^ oxidizing agem such as Alkali 
permanganate may be s^ded to obtain vanadic anhydndr, or the 
solution may be electrolyzed ip a^liaphragm cell, when ^anaJdic 
anhydride separated at the anode apd a lower oxide at the c-ihode. 

Messrs. Rayner & Co., wiU cfetam ‘ printed copies of the 
publi>hed specifications and will forward on post free fortheofScial 
price of i/“ each. 


MEETINGS FOR THE WEEK 


Monday^ Apnl 25 * 

Royal Society of Arts, i Recent Applications of the Spectro^pe 
and tbe“$peotr<^bob meter to Schnee and Inditstry^ by 
Pr. Samuel Judd Lewte. ^ 


' Tuesday 

Loya Institution, 3. Darwin^a^ 1 of Man’s by.Prtrf. 

A. geith, UfirH 27- ‘ ' " ‘ j ' - 

toyal Instiiatiem. 3 , ,f,Na^0na|iij4^:qn^and by 

loyal si^^ofArts* 8. “ m 
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Thursday^ April 28. 

Institution 6t Electrical Btigineers, 6. 

Royal Society, 4.30. “The Vibrations of a Spinning Disc” by 
Prof. H. Lamb and R. V. Southwell. “The Hardness of 
solid Solutions" by Dr, W. Rosenhain “A Method of 
analysmg Galvanometer Records" by W. Hartree and Prof. 

A. V. Hill, “A new Form of Wehnelt Interrupter" by 
P, H. Newman, “ Some Experiments on Thermal Diffusion 
byT. L. Ibbs, “Diffraction of Light incident at nearly the 
Critical Angle on the Boundary between two 4ldedia" by 

B. N. Chakravarty, 

Friday, April 29. 

Royal Institution, 9. “Advances in Astronomy" by Sir Frank 
VV. Dyson. 

Saturday, April 30. 

Royal Institution, 3, “ The Great Epoch of Exploration- 

Spam" by Dr. H. V. Olcffiam. 

THE BRITISH CAST IRON RESEARCH 
ASSOCIATION. 

DIRECTOR oF RESEARCH. 
■^HE Council invite applications for the post 

of Director of Research to the above Association. Applicants 
must state age and full particulars of training, experience in 


NOTICES. 


EDITORIAL#— All Literary communications and Books, Chemical 
Apparatus, Aa, for ye view or notice to be addressed to the 
Editqr. 

SOBSCRIPTIOilSv per annum, payable in advance, should 

be addressed to the Mamagbr. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4 


ADYERTISEHENTS. 

All oommunicatlonii for this Department should be ad- 
dressed to— , 

T. G. SCOTT & SON. 

63, Lddgate Hill, London, E C.4. 


GeneralMetaltogy.andMpecUUy in Cast Iron FoundA practice, PATENTS, TRADE MARKS. HahdboOK 


Applications endorsed “Director” should be addressed “The 
Chairman, British Cast Iron Research Association," and to be 
received by MayBldl, 19 il* 

Canvassing is prohibited . 

^ THOS. VICKERS, 

Central Bkiuse, Secretary, , 

New Street, 

Birmingham# 

April 16 th, ' 


TO BE SOLD IN FRENCH SWITZERLAND. 

(In AiglS'^ opposite the Golf Links). 1 

OMEMICAL MANUFACTORY. 

With H.P^ Ttirbilfe^ Steam EbgiBe and Boiler, up-to- 
date Machinery, Apparatus and Laboratory, Furniture, 
Manufacturing Processes, Ground about 11,000 sq. 
metres. For full particulars apjply to Mr. E Dalphin, 
Place Fusterie 9, Geneva (Switzerland). 


Attorney, HGa.Q^een Victoria St., London. 35 years reference 


DEILSTEINS ORGANISCHE CHEMIE, 

J— ^ Volumes 1 and 9 (19^) M. I'horpes Dictionary of Applied 
Chemistry, 6 volumes, 42 . Allchin, 92, Monton Road, 
Eccles, Mancl^ster. 


/^HEMIST with Cement Works experience 

wanted for a Cement Factory in healthy part of India. 
Applicantsshould state age, whether married or single, salary 


expected, and should enclose copies of testimonials, three years 
agreea ent with free passage out and home. Box 881, c/o T. G, 
Scott Sc Son, 88, Ludgate Hill, London, #-C,4. 


ge out and home. Box 881, e/o 
mi, London, B.C,4. . 


A SSISTANT ASSATER 

Tx for Gold, Silver, Flatinnm imd viachifM 

essential. State ek|^ane| when 

at liberty. Box 880, T. G. Lu^te Hill, London, 

E.C.4. 


BACK' NU MBERS AND, VO LUMES. 

W E have FOR Sale a limited number of , the Earlier Volumes and 

of the CHEMICAL NEWS, and are prepared to supply ords^^i at tW4 
following rates, CARRIAGE EXTRA (subject to the Volumes or Numbdratjelijg in stock 
at the date w'hen the order is received) , ! ; 


I^RICES FOR SINGLE VOLUMES. 


1860—1883 
1884—1903 
1904—1918 
,■ • . 1918 

s 1919 
1919— 1920 


Volumes i to 48 
49 88 

„ 89 ., 116 

” ”2 
1 18 

„ 119 to 121 


4 8. d. •> 

Bound 390 each 
,» 2 16 o ,, 

„ I 10 0 „ 

w 2 10 0 ^ 

ir 2 0 0 „ 

„ 0 16 0 n 


4 s. d. ' 

Unbovnd 360 each 

2 13 o „ 

i . 170 „ 

I ■, 1 out of print 

1 16 o „ 

„ 0 13 o „ 


SINGLE NUMBERS., 

^ , i860 to 1883 inclusive * 2 6 each I 

1884 1903 n ,.2 0,, 

1904 to 1918* „ ... 1 o „ 

> ’^1919 and onwards 0 6 „ * , 

.’•‘Various numbers, parts of Vols. 117 and n8 (1918/19) are oniy on sije at 2s. 6d, each.! 

THE GENERAL INDEX to VOLS. l to lOO can still be purchased at £l (CARiOAGE EXTRA). 

‘ AH commbi^t|tioDs should be addressed to the Mana|iejr, CHEMICAL” NEWS, 
’ 97^ Shoe Lane, London, E.C4# 
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THE CHEMICAL NEWS. 

VOL. CXXII.. No. 3^85* 


EDITORIAL. 


The recent Friday Evening Lecture at the Royal 
Institution, London, was delivered by Professor 
SIR James Walker, F.R.S., of Edinburgh Univer- 
sity, on “Electrolysis and Electro-Synthesis.” 

After briefly explaining the meaning of the 
terms “Electrolysis” and Electro-synthesis,” in 
which reference was made to the two men whose 
names will always be honoured in connection with 
the Royal Institutions — Davy and Faraday — ^the 
Professor gave a brief account of the electrolytic 
work of Davy, which led to the isolation of sodium 
and potassium. The synthesis 6f ethyl- malonated 
was successfully carried out upon the lecture table 
and also that of di-ethyl -succinate ; this latter was 
performed in an apparatus furnished with two 
platinum electrod^s^ and the inflammability of the 
gas was demonstrated by , blowing it into a soap 
anyd ^mition. * An identical procedure, 
platinum and the other of 
ffee to the production of oxygen, form- 
ing an explosive gas, which was demonstrated in 
the same way. 

The lecture was well attended, and many promi- 
nent chemists were present. 

It is usual to hold an Exhibition on these occa- 
sions, and opportunity was taken for a display of 
,^Bfitish-made chemical and other glassware. The 
*4pparatus shown was produced by James Powell 
^ Sons (Whitefriars), Ltd,, Wood Bros., of 
Barnsley, and John Moncreiff, of Perth, for whom 
Messrs. Powell are now acting as retail agents m 
London. 

“PowelVs” are one of the few remaining glass- 
makers in London, and they are shortly removing 
their glass-works to Wealdstone, Middlesex, 
where an up-to-date glass-making factory on a 
very large scale is being erected. Meanwhile the 
Arm is extending its manufactures, and is pro- 
ducing scientific glassware, ch<maical and thermo- 
meter tubing, and many other articles* , 

The Exhibition included a fine collection of Art 
ana cut-glass table-ware, Mosaic tablets, and glas^ 
for church decoration. A very fine window panel 
was shown in course of omstruction, and - the 
method of painting upon glass with vitreous pig- 
ments was explained and demonstrated by oue Of 
their >taff of artists. Great Interest was $howh 
by the chemists pi^esent in the chemical warej 
beakers, flasks, boiling-tobes^ and other hec^tsl> 
ties of the laboratory "were exhibited, and appeared 
to he equal to the very best pre-wat productions; 
.This confirms the cO‘ntenti#fi^&at the Briti^Jg^ss*- 
.y^orkers need only time to hfccustotn them^live$ 
k0 -the formation of the ^rtioles kitljeffed’i almosjt 
'^ei<|Vusi¥ely produced upons 
.able tP construct them * ^ ‘ 

lizard cotubust|on„tube, J soda, 'an 

-enaUiel Ions ftoni 

/ fff' 5 1 4 i I if Ills 1 iilill; 



The beakers and flasks were made by the firm 
of Wood Bros., of Barnsley, and John Moncreiff, 
of Perth, and the combination speaks well for the 
spirit of comradeship as one result of the war; 
British manufacturers are co-operating with one 
another, each firm specialising in one or other 
direction. In the case in point, the association 
of these three manufacturers will make it possible 
to purchase the products of any one of them in 
the show'-roqms which Jas. Powell & Sons are 
shortly opening in Wigmore Street, W. It will 
be a distinct advantage to the users of scientific 
and medical glassware to* obtain the very best 
English ware direct from the producers. 

Another e.xhibit of the Company consisted in a 
large collection of lamp-blown articles, an indus- 
try w’hich has recently been taken up by them; 
already at Wealdstone large workshops are in full 
swing, producing medical and other lamp-blown 
apparatus, the labour being almost exclusively 
carried out by young girls. Some of the articles 
are of a most intricate nature ; atomisers, syringes, 
and ampoules of all descriptions were shown. 

A still further exhibit was a large collection of 
really beautifully made artificial eyes. This craft 
needs very special enamels and other coloured 
glasses, and all the eyes shown were manufactured 
from “Whitefriars” material. The work is carried 
out by the firm of Wm. Halford, Senr., who for 
some generations have been engaged in the art, 
and it has been carried to a marvellous stage of 
perfection. The eyes when worn are absolutely 
indistinguishable from the living eye. Miss 
Carne, one of the proprietors, was present to ex- 
plain the process of manufacture and exhibits. 

Our chief object in describing this remarkable 
exhibition is to emphasise the fact that British 
glassmakers are actively preparing to make their 
country independent of foreign manufactures in 
the matter of glassware, and that technical diffi- 
culties have already h^ overcome. All that is 
needed is a temporary measure of protection dur- 
ing the early years of the industry, while labour 
is being trained. Furthermore it requires help to 
enable it to withstand the artificial conditions due ’ 
to inequality of exchji^e, and the determined 
effort of our ex-enemies to throttle the British 
glass industry by “duffipibg,” a process often en- 
couraged by ifhe middleman, who is, unfottunr 
meaw *ready to allow prospects 

.of iH&tdddfath? profit ^ Atweigh^ali national cbn- 
^ider'atidne,’ , ' • 

The importance of the glass industry cannot be 
too insistently brought, before the coui^try, and it 
is encouraging to |hat the glassmakers at least 
are not only talki:|gl^,^Ut doing their best for the 
good of the nation^ 


,i%JROyAL I 


Thursday^ s\ 
delivers first 61 ^ 


iitution on 


Ik^c^lsation of Sound; a 



51' 



'fee 

.dh 



r Chemical Ne \\8 
L April 29, 1921 


194 


Theory of Molecular Refractions 


THEORY OF MOLECULAR REFRACTIONS. 

By GERVAISE LeBAS, B.Sc. 


C : O 

5*04 
NaO 1-68 


A O: C : 0 

1*68 6*72 

Na20 3*36 


Part L 


Several systems of molecular refractions have at 
one time or another held the field. Those which 
are most noteworthy are the systems of Briihl and 
Eisenlohr (for the Lorenz-Lorentz formula). The 
latter is an advance on that of Briihl, because it 
preserves a better relation between the atomic re- 
fractivities for the spectral lines a, 5 , 7> and 

in several instances the atomic values are better 
calculated. It moreover embodies some impor- 
tant generalizations on the influence of substitu- 
tion, especially of ethenoid links, and systems of 
unsaturated combinations. It also attributes a 
number of exaltations of the refractive value to 
the influence of the supplementary valencies. 
The system, however, labours under several im- 
portant restrictions. One is — -that the values for 
CHa are not always the most probable ones, and 
the value chosen for hydrogen, Ha i’0g4, is not 
correct. The system is thus not adapted to 
a very close analysis of the data. The writer, 
who has traversed the whole field, endeavours to 
remedy these defects^ and seeks to considerably 
augment the theory. Previous papers : Trans, 
Faraday Soc,^ igiy, xiii., i, Sept; 1918, xii., 3; 
and another. 

If it is desired to consider measurements for the 
different lines, it is usual to consider the magni- 
tudes relative to those for Ha with differences 
^Dispersions). Comparisons can be made more 
satisfactorily, as follows. Eisenlohr does so by 
calculating percentage differences 


IVEy*— 

Ma 


X 100. 


Thus, whilst these calculations involve relative 
dispersions, a better method seems to be to con- 
sider lelative refractivities, 

iSda l^a l^a 

and to plot the ratios on a diagram against wave- 
length. The curves can then be compared. The 
refractivities for most substances vary very little 
in the region of Ma but the curves gradually be- 
come steeper as the wave-lengths diminish, until 
between B (483^^) and (430 a*/*) there is a sharp 
upward bend till they become almost vertical. 

The magnitude of the ordinates indicates the 
extent of what is known as unsaturation. When 
the compounds contain a complex unsaturated 
system, that is, one involving the conjugation of 
a number of unsaturated combinations, the ordin- 
ates at Ha may be very much increased. 


Relation between Refr activity and Valency, 

Traube has pointed out a very simple relation 
between the two : — 

C 4x0*78; N 3x0*78; O 2x0*78. 

The writer has recently calculated the atomic re- 
fractivity of combined fluorine, and finds that it 
varies between 0*67 and 0*84. There are sufficient 
indications that the numerical relation is not 
illusory, but is significant. If the mole- 
cular refractivities of carbon monoxide and 
dioxide be compared, the relation is found to be 
very exact : — 


3*36 3 ' 3 b 

4x0*84 

Thus : C* 4x0*84; O® .2x0*84. It can also be shown 
that the augmentation for the addition HgO and 
HCl to — 0 — in dimethyl pyrone is 1*54 beyond 
the atomic refractivities. Since H<^ — 0 — 176, 
the value for 0* = 1*76-1- 1*54=3*30 (4x0*82), This 
result is similar to that for carbon. 

The atomic refractivities for carbon and oxygen 
on the ordinary system is C 2*50; 0 2*24. There 
is consequently a depression of the carbon below 
its value previously calculated — o*86, and an 
augmentation of oxygen by 0*56. From this 
point O'f view the former would be negatively, 
and the latter positively unsaturated. Thus the 
view of the unsaturation of a system depends upon 
how we approach the subject. Since negative 
anomalies are an ^undoubted fact on the ordinary 
system, this side of the question must be con- 
sidered. It is too much to hope that the valency 
relation can be generally applied; it neverthe- 
less affords an extension of our knowledge. 

Since refractivities measure the space occupied 
by the electrical atom or molecule, these dots 
would represent small electrical charges (possibly 
electrons). The augmentations observed are re- 
lated in such a way as to indicate small charges 
connected with the number of valencies concerned, 


Relation 

of Anomalies for Substitution 
and Valency, 

R—OH 

R^O— R 

1*48 

1*62 1*76 

4-0*14 4-0*14 

R— SH 

R_S— R R—S—R' 

776 

7*96 8*13 

4 - 0*20 4 - 0*37 

R— SeH 

R»-.Se— R 

10*88 

11*02 


4 - 0*14 

The case of substitution by hydrogen in carbon 
by methyl or other alkyl groups leaves no doubt 
as to the origin of the augmentation 
Split chains and substitution of 

ethenoid and acetylenic a 

groups by CH3 4-0*14 

Substitution of cycloparaffins... ^CH— CH.+0- 14 

Substitution of benzene : C — CHs4-o*28 

The augmentation 0*14 is characteristic of the 
methyl substitution, but the amount is doubled 

in benzene; half for the union with )>CH— and 

half for the unsaturation. There is some 
indication that the augmentations are the re- 
sult of accumulated electrical charges at the 
unions, for m some cases, especially in multiple 
unions, the augmentation vanishes as if short- 
circuiting took place. 

Nitrogen . — minimum value for nitrogen is 
2-12 — 2*20. This is found in elementary nitro- 
gen Na, nitnc oxide N : O, and : N in some ring 
compounds. Taking this as the datum line, the 
augmentations for substituted nitrogen can be 
considered. 
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N. 

Ni. 

Amines. 

Nn. 


Niii. 

2*20 

2*32 

2*46 

2*76 

2* go 


2' 20 

2*20 

2*30 

2*20 


-f 0* 12 

0*26 

0*56 

0*70 


— 

2X0*13 

4X0* 14 

5 X o* 14 


It is thus seen that the electrical charges depend 
not only on the nuniber of substitutions, that is, 
on the bound valencies, but also in multiple sub- 
stitutions on the supplementary valencies. The 
senes can thus be represented graphically 

-^NHa _^N or — \n — \N: 

or -'NHa ^:N— or \:N: — ^iN: 

These relations thus afford a clear indication of 
the connection between the augmentation for sub- 
stitution and the fundamental or supplementary 
valencies. One has thus to consider tw’o parts : — 
A + A A 

A a fundamental unsaturation of the atom a A 
IS an augmentation which is due to substitution, 
and which must be added to the fundamental un- 
saturation to produce a new atomic value or con- 
sidered separately. There might thus be a slope 
of potential from the nitrogen to the carbon, or 
the carbon to the nitrogen. The connection of a 
depressed value for multiple linked nitrogen is a 
very significant fact, and shows that multiple 
linking does not always involve an augmentation 
or ikKsitive anomaly, but a depression. 

^ The anomalies indicate retardation of the right 
waves due to some cause. Since matter does this, 
and this is partly made up of electronic centres, 
the anomalies seem to be due to the presence of 
these in the edges of the atoms or more in the 
paths of the light waves than in the saturated 
compounds. 

Note, — In considering the hydrocarbons from 
the valency point of view, gaseous methane pos- 
sesses a refractivity of Ma 1 6-72 8x0*84. The car- 
bon atom thus shows an exaltation (on the old 
system) of 0*84, and the hydrogen i*o6-^*84=o*22, 
which, of course, is one-fourth of the total aug- 
mentation. The old system compromises matters 
by calculating from a mean condition. 

One other consideration must be noted. Sub- 
stances involving a number of alkyl radicles can 
be arranged according to the complexities of these 
radicles. , » 

R^O R— O — 

H R— CO,,— ir 

R— Nfi;, R— NH— R‘ R^ 

R,— NH, 

There will be disturbances differing with the 
position of the significant group, that is, with the 
complexity of the alkyl groups. The atomic re- 
fractivities are smallest when the significant group 
is terminal. It is required to accumulate data to 
such an extent as to be able to ascertain the dis- 
turbance throughout a series, ahd to arrange them 
as Dobriner did for the boiling-points and molecu- 
lar volumes of the ethers, and Gartenmeister did 
for the carboxylic esters. 

The Value of CH^ 

This subject has been frequently dealt with, but 
it does not seem to have been treated very scienti- 
fically. When a hydrocarbon becomes substituted 

bv a rMrtivp orrmi-n V fKo /^T«Kir»o'i-irk'rt r'TT V 


usually results in an augmentation for substitu- 
tion. When X represents Cl, Br, I, OH, SH, &c., 
use is made of the ordinary values for the halo- 
gens, &c. These have been calculated from such 
homologous series. 

The values for CHg throughout the series are 
found by means of the formula 

TT /-‘TT Mot C« Na X 

rla 

The curves as a rule show an initial depression, 
followed by a rise to the constant value for the 
senes. 

When the substituent is CO3H, there is an initial 
augmentation for substitution. The ordinates 
which are large for the first member diminish 
greatly to the third, that is, as the alkyl groups 
neutralise the unsaturation. After this, the curve 
follows the previous one as the influence of the 
hydrocarbon element becomes preponderant. 

In some cases there is a tendency to a maximum 
at some intermediate point, e,g,^ in the case of the 
cyclo-paraffins. The maximum is at CeHia. 

l*he disturbance for the combination CHg — X, 
where it exists, is no doubt not only confined to 
the methylene group, but also to the substituent. 
It is possible that one or the other may be subject 
to a positive anomaly, whilst the other may be 
depressed It has been assumed that X is con- 
stafit throughout the series. Our knowledge is too 
limited to make a pronouncement on the subject, 
but this subject will be dealt with as it arises. It 
is^ however, to a large extent a relative njatter, 
and depends upon our datum line. The point is, 
are we to refer the exaltation to R or to X ? It 
is becoming the practice to indicate such a dis- 
turbance by a thickened line CHa— X. The writer 
proceeds differently, and indicates the unsatura- 
tion by a single, double, or triple dot. Since re- 
fractions measure the space occupied by the elec- 
trical atom or molecule, these dots would repre- 
sent electrical charges (possibly electrons), and also 
would occupy space. The augmentation observed 
are relative in such a way that the connection with 
linkages (bound valencies) and the supplementary 
valencies is evident. 

The relative values for CHj are always the 
same. 

a 8 p y 

— 1*0046 roiss 1*0245 

Three main series are useful in calculations ; — 


(a) 

4 'S 8 

4*60 

4-65 

4-692 

(h) 

4’ 60 

4*621 

4-671 

4-713 

(c) 

4*612 

4-633 

4-683 

4-725 


The constants for hydrogen are ; — 

i'o6 ro^ . 1*076 1*086 

The constants for carbon can be found by 
difference. 

The first series is useful for all open chain com- 
pounds up to a complexity, Cio say. The second is 
as a general mean value. The third is especially^ 
useful for the cyclo-paraffins, aromatic and ter- 
penoid compounds. It must be stated that these 
difierences are small as compared with those for 
general #unsaturation, 

Thp Activation of S^flcmentary Valencies, 

The case of nitrogen. has just b^n studied. 
The halogens also sh^w similar relations. Com- 
parison is made between their refractiviries 
ordinary circun^tantes and when combined -vAth 
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CHa-X A : C-X 

F ... . o’67 O’ 17 0*84 

Cl 5*06 o '22 6’ 18 

Br ..... . 879 0-33 9’02 

1 .. i3’87 0*35 14*12 

There is a slight progressive increase in the value 
of A from fluoiinc to iodine. The graphic repre- 
sentation of the second series is : C — Cl : 
for example. The augmentation is due to the 
stimulating effect of the unsaturated carbon. The 
only principle to guide one in this case is analogy. 
There is nothing to show that the augmentation 
is not represented by : C —CL It may, however, 
be noted that the value of a appioximates to 
2X0*14 

The activation of the supijlementary valencies 
may be due to the influence of unsaturated atoms 
other than carbon. 

Carbonyl chloride. Salicyl aldehyde. 

H 


XI : 

M :0:C/ ^ l6)Ce 
01 1 


^C: 0 ; CH,— N(CHJ, 

V W 1 

^O: CH^— OCHj 


(“J 

H 

(i) 


0-70 

Ml 

•• 34‘03 

0-52 

3x0-23 

Phenol 

•• 37 ' 7 S 

4x0-13 

acetyl chloride 

Benzaldehyde 

31-77 

/ Cl: 

: 0 : C( 

\ CHa 


59' 5 3 


Less CeHft ,. 

• 35-93 

# 

0*46 

Calc 

■ 33 ' S 9 


2X0*23 

Obb 

• a 4‘03 




0-44 

2X0-22 


Many cases are found among 

the xanthates and 


v-umpuuuuai. 11 is eviaeiaiiy nox always 
necessary for the unsaturated atoms to be con- 
nected by unsaturated carbon, although this is 
usually the case. This augmentation is distin- 
guished from the ordinary anomaly. The above 
cases seem to show clearly that it is the supple- 
mentary valencies which are activated. The ordi- 
nary linking is only susceptible to an augmenta- 
tion of 0*14 or 0*28 at most. It is noted (i) that 
atoms of high atomic weight are more likely to 
activate one another than those of lower; (2) the 
effects are greater if the atoms are united by an 
unsaturated group than a saturated one. 

Peroxides : — 

-^ 0 ^ 0 — 2 X I • 76 

Disulphides : — 

Et-~-S~-S--Et 36*33 

20*44 

iS-Bg 

. 15*92 2x7*96 

Diselenides i — 

C3H,— Se^Se— C^H, 

32*38 

29*60 (C,Hr}5Se gives Se iri2 

22*78 

22*24 

‘CrS 4 
2X 0*27 


Sulphur may, however, be much more activated 
owing to combination with unsaturated groups to 
form a series (vide ante). 

Karvonln has fo-und from a compaiison of the 
acid chlorides, bromides, and iodides, and other 
halogen series, that the disturbances augment 
from chlorine to iodine: — Cl>Br>L 

It is found that phosphorus, arsenic, and anti- 
mony are difficult to deal with owing to unlooked 
for augmentations. A detailed investigation of 
substances containing these and other heavy atoms 
is proceeding in various directions, and the con- 
ditions are much more complicated than in hydio- 
carbons. 

The question of the influence of substitution is 
specially dealt with under definite circumstances — 
geometiical isomerism, keto enol charge, &c. One 
rase may be mentioned at this point, viz. ; — 

The Infinence of Mai^sed and Dhtrihuied 
Substitutions. 

If compaiisons be made between 

Br . CH . Br CH, . Br 

(a) I and (b) ( 

CH„ CH, . Br 

Br . CH . Br Br . CH . Br Bi . CH . Br 
W W I (e) I 

CHa. Br Br . C . Br Bi . C . Br 


(a) Aveiage Br 9*07; (b) 8*82; (c) 8*84; (d) <S*80: 
(c) 8*6i. 


(CH,)«C.CH3Br 

31*83 

A 

6*75 

ro6 

(CH,)..CPHBr 

38 ‘s 8 

Br 

24-06 
8-83 ■ 

7-81 

23-00 

17*66 

E 

M 

-j2-89 

3I'83 


40*66 . 
38*58’ / 


A — ro6 


— ^ 2*08 

A Br *^1*05 






This depression is remarkable and belongs tc 
a class of compounds distinguished by negativi 
as already shown for furfurane anc 

thiophene. 

C(CH,)a.(CHaBr)3 is normal. 

The conditions (a) + anomaly; (b) normal; (c 
— ve anomaly thus await exact explanation. 

The unbalanced condition results in a highe 
i^fractivity than the balanced or symmetrical one 
The compound CBr^^CBra would doubtless shov 
a larger depression still. 

A comparison between corresponding chlorides 
bromides, and iodides would show disturbance 
of magnitude depending on the halogen 

Chlorides < bfomides < iodides. 

[Electrons are regarded as material nuclei 
+ central and accumulative, *~-.ve kinetic an< 
energy dissipating. They are thus unsaturate« 
centres.] 
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FURTHER STUDIES CONCERNING 
GALLIUM. 

Its Electrolytic Behaviour, Purification, 
Melting Point, Density, Coefficient of Ex- 
pansion, Compressibility, Surface Tension, 
and Latent Heat of Fusion.* 

By THEODORE W. RICHARDS and SYLVES ER BOYER. 
(Concluded from p. 185.) 


One other point must be taken into account before 
applying the Clapeyron equation, namely, the 
change of Pi — Vs, with change of pressure. Since 
the solid is less compressible than the liquid, 
although more bulky, this change of volume on 
melting will increase as the pressure increases. 
Ordinarily this correction has been left out of 
account in the application of this equation, but it 
was properly heeded by Bridgman in his paper 
on “Water, Liquid and Solid, under Pressure' 
IP. W. Bridgman, Proc. Am. Acad,, 1912, xlvh., 
471). The case of water is, of course, similar to 
that of gallium. Sine© the cubic compressibility 
of the liquid per megabar is about 0-000004 and 
that of the solid about half as great, the correc- 
tion to be applied to the volume change over 173 
megabafs will be 0*00034 cc. per cc, of the metal, 
or 0*00006 per g. The value for Vi — V at the 
atmospheric pressure is — 0*00531. Hence at a 

pressure of 173 atmospheres it must be — 0*00537, 
We have ]&ow all the data needed* by the Clapey- 

) d2^/dr 

f; 'M«3d2*5 (— 0*00537) (—400) 

«79*6 joules 

-19*04 cal. per g. (at 173 megabars pressure). 
This value is very nearly the same as Berthe- 
lot’s 19*08, but since the latent heat of melting 
of gallium, like that of ice, probably changes with 
pressure, the identity is perhaps not as close as 
It appears to be. Nevertheless, the two figures 
be widely discrepant, even applying the 
as yet unknown correction for pressure. Probably 
also changes with pressure, as Bridgman 
found in the case of ice; and if so, it probably 
changes in such a direction as to counteract, or 
perhaps, even reverse the effect of the change in 
— Fs The decision concerning this matter 
must be left to future investigations. Unless a 
much wider pressure range is employed, the 
measurements of both a P and a Z will have to 
be made with the utmost accuiacy in order to 
solve the problem. 

aP/aP given in the foregoing 
table IS equivalent to a change in the melting 
point of 0*00204® per megabar, or nearly 0*00207° 
per atmosphere. (P. W. Bridgman, in a research 
of which a description is now in the press, found 
the nearly equal quantity 0*00203° per kg. /cm*, 
with a small quantity of our gallium. The mega- 
bar IS 0*987 atmosphere or 1*02 kg, /cm*.). This 
change in the melting point is more than twice 
upon ice under the same conditions. 
We are indebted to the Ca^:ilnegie Instdtutioir of, 
Washington, as well as tO' ap anonymous fund, 
for generous support in this investigation^ and 
to Mr. F. G. McCutcheon, of th$ Bartles- 
ville Zinc Company, for his courteous pre$en|ation 
^^art of the material used as ’ the spukoe, 

the Joufml of t)ui 


Summary. 

This paper contains a description of experiments 
leading to the following conclusions. 

I. (a) The observed single electrode potential 

I of gallium was not easily reproducible at a con- 
stant value. It reached in maximum only about 
— 0*30 volt in 0*1 N solution (if the calomel elec- 
trode is taken as +0*56 volt), apparently placing 
gallium between indium and zinc in the electro- 
chemical series. 

(J>) On the other hand, gallium is distinctly more 
difficult to precipitate electrolytically from acid 
solutions than zinc. According to repeated experi- 
ments, gallium might be expected from this be- 
haviour to have a siilgle electrode potential of at 
least —0*7. It can Ixi precipitated in weakly acid 
solutions if sufficient current density is employed, 
however. 

(c) A possible explanation of this" apparent in- 
consistency is to ascribe a mild degree of passivity 
to gallium — an explanation borne out by the fact 
that this metal when pure precipitates copper only 
very slowly from its solutions. 

II. After preliminary purification by electroly- 
sis, which easily eliminates indium and many 
other metals, pure gallium was freed from zinc 
by ignition in a high vacuum and especially by 
crystallisation, giving material of constant melt- 
ing point. 

III. The melting point of gallium was found 
by two methods to be 29*75® C. oh the. inter- 
national hydrogen scale. 

IV. The density of the purest gallium was 
found to be 5 ’904 and that of liquid gallium 6*095, 
both at the melting point. The expansion on 
solidification (0*00531 cc. per g.) was proved not 
to be due to impurities. 

V. The cubic coefficient of expansion of solid 
gallium was found to be about 0*000055. *Hence 
the density of the solid at 20° is 5*907, and its 
atomic volume 11*85. 

VI. The compressibility of -solid gallium was 
found to be 0*0000020, and that of the liquid about 
twice as great. * 

VIL The surface tension of liquid gallium in 
carbon dioxide at 30° was found to be 36*54 
mg. /mm. In control experiments with the same 
apparatus, that of mercury at the same tempera- 
ture was found to be 44*06. 

VIII. The latent heat of fusion calculated 
from the Clapeyron eqniation and the change of 
melting point with pt%e$ure was found to be 19*04 
calories per g. at 173 i^fegabars pressure; that is, 
the melting point is lowered 0*00207® by the in- 
crease o fpressure of one atmosphere. 
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KffBct of Fine Gfinding on Silica* 

The starting material was Ottawa sand 
aming over qq per cent, of silica. It was grouna 
or 400 hours by means of large rounded pieces 
if quartz in an Abbe ball mill. , This period re- 
jresented the actual time of grinding, although the 
Lttendant operations and the grinding were c^n- 
lucted daily for several months. Great care had 
o be taken to prevent caking. The average nne- 
less of the ground material was no more at the 
md of 400 hours than it had been at the end ot 
J50 hours j and by evaporating iii platinum with 
lydrofluoric and sulphuric acids it was found to 
:ontain 08*72 per cent, showing that a slight 
imount of impurities had been introduced from 
he grinding apparatus. Measurements wrere 
iiade of the size of the ground silica particles by 
placing samples on a glass slide, moistening with 
water, and covering with a cover glass. The 
samples were then examined with a microscope 
with a calibrated ocular and showed .that 85 per 
cent, of the material had a diameter of less than 
d- 004 mm , while 15 per cent, was between 0*004 
and 0‘0i6 mm. in diameter. 

This finely-divided material was shaken up with 
500 cc. of conductivity water and allowed to settle 
at room temperature in tall, glass-stoppered cylin- 
ders. W. Machaelis in a paper read before the 
German Portland Cement Manufacturers on 
March q, iqoq, states that quartz reduced to an 
impalpable powder by prolonged grinding becomes 
so active that boiling with water will convert it 
into colloidal hydrated silicic acid, When the 
heavier particles had completely subsided, and the 
supernatant liquid appeared homogeneous but^ not 
completely transparent, the liquid was examined 
by evaporation of 100 cc. portions to dryness in a 
platinum dish and the residue volatilized with 
hydrofluoric and sulphuiic acids. The results of 
this procedure indicate that in from two to thiee 
weeks silica to the extent of 0*028 to 0*032 g. per 
litre remains permanently in solution. 

When first shaken with water, the ground silica 
forms a mechanical suspension and^ a large part 
of the suspended matter settles quickly. In a 
short time the finer particles form strata which at 
the end of about 10 days disappear, and at the end 
of 1$ days the solution is stable. 

Colloidal Character of the Silica in Water. 

When view*ed with the ultramicroscope the fine 
particles which remained suspended in the water 
after the ground silica had been shaken and the 
whole allowed to settle for several weeks, showed 
a rapid Brownian movement. 

When a powerful beam of light was passed 
through the liquid in a beaker the exhibited Tyn- 
dall effect was produced. 

These experiments show that if quartz is ground 
sufficiently long, it can be so finely divided that 
it will' go into colloidal condition when treated 
with water. 

From the rate that the particular material worked 
with settled out from water, it would seem that 
up to two weeks the whole is a more or less coarse 
suspension which slowly settles and finally leaves 
a stable colloid. 


Ex-perimeuts on Fine Grinding of Orthoclase* 
Carefully selected orthoclase was ground for 
388 hours in an Abbe ball mill. The mill was 
opened daily and the caked material dislodged. 
This material was shaken up with water and 
allowed to settle in the same way as has been des- 
cribed with quartz. An additional experiment was 
conducted by shaking the finely ground feldspar 
with alcohol. After settling, both the alcohol 
liquid and the water liquid of the orthoclase 
showed the Brownian movement when observed 
with the ultramicroscope and also gave the 
Tyndall effect. The water suspension was filtered 
thiough a Chamberlain F. filter, and was then 
optically empty, but when filtered through an acid- 
hardened filter-paper (Schleicher and Schiill, No. 
602), It showed particles which exhibited the 
Brownian movement. This .should fix the size of 
the particles as between 4yu and 
Samples of this extremely finely powdered feld- 
spar which had been suspended in alcohol for a 
shoit time were decanted, and the alcohol evapor- 
ated off and heated in an autoclave with water. 
One g. portions of this material, heated with 100 
cc. of water in a platinum dish, for three hours 
at i68®, corresponding to 50 kg. steam pressure, 
showed an alkalinity against o*i N hydrochloric 
acid equivalent to less than 0*5 per cent, of 
KaO, indicating that only a small portion of the 
feldspar had actually gone into true solution. 

Action of Water at Elevated Temperatures on 
Quartz. 

As is known to those who have worked with 
water in §lass and siliceous material of various 
kinds at high temperatures and pressures gelatin- 
isation takes place. From the many experiments 
with silica and water which have been conducted 
in this laboratory, it would seem that the first 
thing which takes place when silica is wet is 
hydration. Some of the silica then passes into 
solution and if allowed to remain in contact with 
water will finally reach the solution equilibrium 
shown by Lenher and Merrill (Lenher and Mer- 
rill, Joitrn. Am. Chem. Soc.^ 1917, xxxix., 2630). 
Along with this process of hydration and true 
solution that portion of the silica which is suffi- 
ciently fine goes into the colloidal condition. 
When the temperature is raised this hydration 
takes . place so rapidly that it can be readily 
followed. 

At 400° in the sealed high-pressure bombs 
of Morey, water will slowly gelatinise all 
of the fused quartz or silica ware on the 
market to-day. At 500° water will slowly 
cause the gelatinisation of transparent quartz 
crystals. The resulting silica gels differ 
widely in character, depending on the tempera- 
ture and pressure, ,a,nd also on the o-riginal quartz 
used. Some of the gels when air-dried go to a 
loose, finely-divided powder; others dry into con- 
centric layers and ipto fairly adhering compact 
plates. 

Some recent experiments made by G. R. Shaw 
show that certain fused quartz tubes, when heated 
to about 500** with water in a bomb, on cooling 
give evidence of recrystallisation on the sides of 
the tubes. Numerous fragments were noted 
which under the polarising microscope shov^ed 
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optical activity and also showed hexagonal 
structure. 

Some preliminary experiments made by O. J. 
Noer with the finely-ground quartz prepared by 
G. G. Town seemed at first sight to be very sig- 
nificant. At 100® in a bomb, water hydrates this 
ground material in a manner which appeared to 
be definite. A number of experiments seemed to 
show by analysts that metasilicic acid, HaSiOg, was 
formed, the results of various experiments agree- 
ing to within a few hundredths of i per cent, and 
agreeing exactly with the theoretical percentage 
requirements of the formula HaSiOg. However, 
the material which to the naked eye appeared 
homogeneous, when examined under a polarising 
microscope proved to be far from homogeneous. 
In .reality it consisted of the broken fragments 
of the original quartz, interspersed with masses of 
gelatinous silic'a; it was, therefore, not metasilicic 
acid, but a physical mixture of silica gel and 
quartz. This hydrated material when allowed to 
dry spontaneously in the air hardened to a com- 
pact coherent mass uhich in texture, hardness, 
and general appearance much rpsembled quartzite. 

The action of water at various temperatures and 
pressures on silica and on silica gels has been 
studied by Walter T. Schrenk in considerable 
detail. Several hundred experiments were made 
in a Morey bomb at temperatures which varied 
in the individual experiments from 300° to 600°, 
and the lengths of tinae of the experiments varied 
from^ 8 hours to 312 hours. The experimental 
diflculties to be overcome in work of this charac- 
ter have been almost insurmountable. While thus 
far it has been impossible to obtain the quantita- 
tive measurements that are desirable, it can be 
said in general that the extremely finely ground 
quartz previously described hydrates at 300® to 
450"^ in presence of excess of w’ater to a gel con- 
taining 15 to 18 per cent of water. On the other 
hand, silica gels made by the dialysis of the 
sodium silicate-hydrochloric acid mixture and 
containing 2*33 per rent of silica, the remainder 
being chlorine-free water, when, heated from 300° 
to 600® in the bomb with great excess of water, 
lose water, and in from 8 to 312 hours yield a pro- 
duct containing approximately 20 to 30 per cent of 
silica and 70 to 80 per cent of water. 

Effect of Pressure on Silica Gels* 

The salts of orthosilicic acid, H4$i04, and of 
metasilicic acid, HaSiOg, are found among some 
of our best-known silicate minerals. The free 
acids themselves axe compounds that have plenty 
of analogues in the fourth group of the periodic 
system of which silicon is a member. Our com- 
mon sodium silicate itself is a substance whose 
composition depends entirely on the quantities of 
reacting substances used in its original formation. 

A very suggestive method described for the 
formation of orthosilicic acid is that of Norton 
and Roth (Norton and Roth, Jour, Am. Chem. 
Soc., 1897, xix., 832). Their method of producing 
gelatinous silicic acid by passing silicon tetrafiuor. 
ide into water is considered by them to be a method 
particularly desirable in order to obtain the ma- 
terial free from non-volatile foreign matter. They 
washed the gelatinous mass with water on a cloth 
filter and allowed it to drain a short time, after 
which the water was removed by ether or benzene, 

’♦'With Andrew J. Snvder 




The washed acid was then squeezed in a vise ^ad 
an orthosilicic a^cid of constant composition^ re- 
ported as a definite body. 

In our studies with silica these particular ex- 
periments seemed of sufficient promise to follow 
out in more detail. The particular points which 
looked attractive were a study of the effects of 
various and measured pressures on silica gels. 
If silica gels can be dehydrated by pressure from 
the condition of a high degree of hydration to the 
definite hydrate of the formula H4S1O4, it would 
seem that by using various pressures it should be 
possible to plot a curve showing the relation be- 
tween pressure applied and the water remaining 
with the silica. 

For the preparations of gelatinous silica it ivas 
most convenient for us to hydrolyse pure silicon 
tetrachloride. The gel was washed wuth water 
until free from chlorides, after which the excess 
of water was removed by squeezing the product 
between cloths by hand. The gel at this stage 
contained between 80 and 90 per cent of water and 
was preserved in a glass-stoppered bottle for use. 

In place of the vise used by Norton and Roth, 
who could in this device obtain only about 100 
kg. pressure per square inch, a Riehle testing 
machine was used. By means of a machine of 
this kind it is possible to obtain a compression of 
45,400 kg. to the square inch, and to apply any 
particular pressure up to 455400 kg. that is de- 
sirable. 

In the first experiments, comparative low pres- 
sures were used. 230 kg. pressure, which is pro- 
bably what a good vise would give, gave a mass 
which contained 777 per cent of water; 340 kg., 
71 to 73 per cent of water; 454 kg., 68'$ to 71 per 
cent of water; 680 kg., 50 to 67*5 per cent of 
water; 900 kg., 46-5 to 537 per cent water; 1800 
kg., 51 to 52 per cent water. In these experi- 
ments the gels were pressed between sheets of 
Whatman’s filter paper, but at pressures of 2300 
kg. and upwards, the adherence of the product to 
the paper became so pronounced that it was found 
necessary to use a canvas filter cloth as the 
medium to absorb the water. With 4540 kg. pres- 
sure, the water retained by the silica ivas from 57 
to 60 per cent. At pressures from 4540 to 13,600 
kg., various combinations of canvas filter cloth 
and hardened filter paper with copper foil gaskets 
were used. The water content then dropped down 
to 44*5 per cent at both 9000 and 13,600 kg. At 
13,^0 kg. two sheets of heavy rubber were also 
tried as a support for the gel, but 55 per cent of 
water still remained. In another senes of experi- 
ments a laboratory diamond steel mortar was used 
at pressures of 11,600 and 13,600 kg. with the 
results that about 30 per cent, of w^ater remained. 
The results obtained with the diamond steel mor- 
tar were so encouraging fhat it was decided to use 
tool steel plates. 

Two carefully faced round steel plates 100 mm. 
by 12*5 mm. were used and as the water was 
squeezed out pf the gel, the free water was re- 
moved by means of filter! paper. The amounts of 
water remaining with the silica was of the same 
general order as with other devices employed. 
The product ’ in each , ease, after being pressed, 
looked, in the ordinary .sense of the word, dry. 
Using the tool steel flates a pressure of. 44,600 
k§. was attained,' yieldinig a product whieh^ re- 
tained to net cedst. 1/i^ater. 
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order to continue the experiments at still 
higher pressures, two special chrome-nickel-stecl 
plates, kindly furnished us by Dr. Geo. W. Sar- 
gent, of the crucible Steel Company of America, 
were carefully machined in such a manner that 
their contact surfaces were parallel to within 
0*00508 mm. From the contact surface to the 
outer edge of the discs they were slightly bevelled 
to take up the flow of the steel at very high pres- 
sures. These plates withstood the pressure of 
272,700 kg. very well, and the results obtained 
were fairly constant. A Tinius Olsen hydi*aulic 
press was used to obtain this high pressure. The 
product obtained showed a water content of 12*3 
to 12*0 per cent, which closely approximates the 
ratio of one molecules of water to two of silica, 
corresponding to the formula HsSiaO,,. The final 
product was a white amorphous powder, which 
under the microscope showed no crystalline 
structure. 

A number of the gels, after- being pressed to 
272,700 kg., were transferred to .desiccators and 
allowed to stand for various periods of time. The 
material which w^as approximately two molecules 
of silica to one of water actually contained 12*5 
per cent water, and in two months desiccation over 
phosphorus pentoxide lost 5*75 per cent of water, 
but still retained 6*75 per cent; while the material 
which was dried further over calcium chloride re- 
tained at the end df two months 9*24 per cent of 
water. Longer desiccation would doubtless re- 
move more water. 

F rom the results* obtained by submitting gelatin- 
ous ^ silica to the successively * high pressures 
studied, should it be possible to press a silica gel 
more strongly than has been done, it seems pro- 
bable that more and more water would be Removed 
as the pressure increased. 

From the observations made by Lenher and 
Merrill {loc. cit)^ it is obvious that silica possesses 
a very definite solubility in water. 

When quartz is ground sufficiently fine, pure 
water alone will cause it to go into the colloidal 
state as has been verified by actually finding it to 
be a colloid. Additional evidence of the fact that 
fine grinding alone can sub-divide a substance so 
finely that water will cause it to go into colloidal 
form, is afforded by the fact that orthoclase when 
ground extremely fine goes into the colloidal form 
in exactly the same general manner as does silica 
itself. 

The action of water on silica is therefore that 
of a solvent, t6 produce the silica 'gel, and to cause 
it to go into the colloidal form. The more finely 
divided the silica the more rapid is the action. 
This action of water on silica with the subsequent 
hydration is accelerated by heat and with water 
under high pressures, such as are obtained in the 
steel bombs, the hydration of large-sized quattz 
crystals or even fused quartz can be readily 
followed. 

The silicic acids themselves are purely hypo- 
thetical. _ While their salts form our common 
silicate minerals, the acids in free condition have 
never been prepared. The so-called “silicic acid” 
and the gels which are so common should there- 
fore be r^arded as corresponding to the general 
formula .^SiOsFHaO in which the quantities of 
water ^d silica can vary from a true solution of 
sil^ in water, successively through the fiighly 
hydrated gels which pressure alone will convert 
from a water content of nearly 98 per cent to a 
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silica which contains only a few per cent of water. 
— Journal of the American Chemical Society^ 
March, 1921. 
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FARADAY SOCIETY. 

Tuesday j March 22, 1921. 

Prof. Alfred W. Porter, F.R.S., Pz'csident, 
in the Chair. 

The President delivered his Presidential Address 
entitled “Some Asiiccts of the Scientific Work- of 
the late Lord Rayleigh.” He indicated that. Ray- 
leigEjs work was of many varieties. The experi- 
mental part could be divided into that re- 
quiring elaborate apparatus and laborious appli- 
cation such as in the case of the^ deter- 
mination of the ohm, and investigatigns in 
which the appaiaUis was of the simplest 
kind. The latter w'as a type of investigation in 
which Rayleigh specially delighted. His mathe- 
matical work was always looking forward to its 
applications. II lustration. s were given of the 
great use he -made of the method of dimensions 
when problems (especially those in hydrodyna- 
mics) cannot be yet solved in any other way. His 
theoretic work on intrinsic pressure was outlined 
and contrasted with more recent work of the 
Dutch School of Physicists. ^ Finally, his men- 
tality was further characterised by references to 
his excursions into problems dealt with by the 
Society of Physical Research. His position 
summed up by saying that although 
founded no school yet ho so knowledge! ' 

of physics in all its branches ^s,to stand out as one 
of the leaders in scientific achievement. 

Papers were also read by Mr. S. Field on the 
“Electrolytic Recovery of Zinc”; by Prof; Alex- 
ander Findlay and Mr. V. H. Williams on the 
“Electrolytic Reduction of Glucose”; and by Mr. 
W. E. Hughes on “Iron Deposits.” 


CORRESPONDENCE. 


COAL TAR FOR CAIRO. ■ ' 

To the Editor of the Chemical News, 

Sir, — I beg to inform you that a cable has been 
received in this department from the British Com- 
mercial Agent in Egypt (Mr, E.’ Homan Mulock), 
stating that tenders are invited by May 15 for the 
supply of 1000 tons of coal tar -to the Roads Office, 
Tanzim Department, Cairo, to be delivered be- 
tween July i and October 15. Alternative prices 
can be quoted fo-r British Standard Specificatioln 
No. 2 or any coal-gas tar suitable for rOad Spray'-’ 
ing. The conditions of tender are those us'hS.J rd 
co-ntracts made by the Egyptian Government, and 
it will be observed that tenders will only be 
accepted from, firms having agents or representa- 
tives resident in Egypt, It is understood that no 
special form of tender i^ required, though ,a 
sample of the tar offered must be submitted. In 
view of the conditions of this contract, United 
Kingdom firms, »without representation in Egypt, 
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may, it is thought, care to avail themselves of the 
services of a firm with an Egyptian branch, 
through which tenders could be submitted, and I 
shall be pleased to forward you particulars on re- 
ceipt of a request to that effect. — I am, &c., 

L. N, Barker, 
for Comptroller-General. 

Department of Overseas rade, 

April 21, 1921. 


HEBREW UNIVERSITY AT JERUSALEM. 

To the Editor of the Chemical News. 

Sir,— A t the Third Annual Conference of the 
Inter-University Jewish Federation held at Oriel 
College, Oxford, on August 3, 1930, it was unani- 
mously resolved, in response to a request of the 
Zionist Organisation, to lender eveiy possible 
assistance to all efforts on behalf of the Hebrew 
University at Jerusalem. The most urgent need 
at the present juncture is an immediate and abun- 
dant supply of books for the Jerusalem University 
Library. We can conceive no cause more precious 
and commendable than the full development and 
firm consolidation of the intellectual and spiritual 
resources of the Jewish National Home. To this 
end books are the first requisite. In a scarcity 
of books the mind of a people is denied free ex- 
pansion and healtSi^ growth. To Jews, with 
their love of lear'n ing, the want of books is 
Palestine, unfortunately, 
book famine, and even with 
ftom all over the world, it will need^ a 
^reat effort to build up the present University 
Library of about 40,000 volumes, into an up-to- 
date library worthy of the Jewish University. ' 
Serious works dealing with all branches of 
knowledge, standard works of fiction in any lan- 
guage, and more especially books which will be of 
use to University students are needed. Books on 
H^braica, Judaica, and Semitica, mathematics, 
physics, chemistry, miciobiology, and medical re- 
search are, however, the most urgently called for, 
as the first departments of the University that are 
to be opened will deal in research in these sub- 
jects. Books on law, economics, history, and 
philosophy will also be much appreciated. Sets of 
scientific journals, transactions of learned socie- 
ties, official reports and other publications and 
works and pamphlets of permanent value are es- 
pecially required; good text-books of established 
repute will also be useful. 

Considering that this is an important step to- 
wards a spiritual revival of ‘Palestine, and that 
our credit as an enlightened people is at stake,, 
,we appeal to your readers to send all the books 
they can spare as a free-will ofiPering to those who 
will treasure them in Palestine. A single bo^k 
will be welcome ; but it is hoped that donors will 
send as many as they can. Gifts of books may be 
.sent either direct to ^‘The University Lib^aty/ 
Jerusalem,” or to the Hon. Secretary, Mr. D. B; 
Stanhill, B.Sc., F.I.C., 75, frreat Russell Stre^l, 
London, W.C. i, who will, if 'Eecessaty,‘ arrange 
for the collection of the bl^ks. An artisiitaav 
designed book-plate, the gqn^rous work,bf L.! 
Pilichowski (Lena Pillicob wiU pemian^ltlf re- 
cord the names of the dopb|M-f"We^ ' 

S. H - ! ^ 1 

l3RAEt M. 

D. B, ItM: ^ 



NOTES. 

Board of Trade Announcement. — The Board 
of Trade announce that by notice published in the 
London Gazette of April 8, the provisions of Sec- 
tion II of the Aliens’ Restriction (Amendment) 
Act, 1Q19, which imposes restrictions on the ac- 
quisition by former enemy aliens of certain kinds 
of property, have been applied to the following 
industries, namely, the manufacture of synthetic 
organic dyestuffs, colours, or colouring matters, 
and the manufacture of organic intermediate pro- 
ducts used in the manufacture of s^mthetic organic 
dyestuffs, colours, or colouring matters. The 
effect of this is to make it unlawful for any for- 
mer enemy alien to acquire either in his own name 
or in the name of a trustee, any interest in the 
industries in question, or any share, or interest in 
a share, m a company registered in the United 
Kingdom which carries on the industries. 

In the Astro physical Journal for March an im- 
portant paper appears by R. A. Millokan, I. S. 
Bowen, and R. A. Sawyer, on the “Extreme Ultra- 
violet Spectrum of Carbon, Iron, and Nickel.” 
By the use of a special form of grating and a 
vacuum spectrograph, the authors have succeeded 
in obtaining records of iron lines from a 2152-9 
to A 271*5 AU, carbon from A 1931*1 to a 360*5, 
and nickel from a 1859*7 to a 731*0. 

British-American AI.UANCE.— With a view to 
further cementing a happy relationship established 
some time ago with organisations in America and 
Canada, propagating similar objects to their own, 
namely, the improvement of relations between em- 
ployers and employed, the Executive Committee 
of the Industrial League and Council recently de- 
cided to send a delegation to America for the pur- 
pose of conveying fraternal greetings, but prim- 
arily to study economic conditons and ascertain 
the possible channels through the medium of 
which a revival o-f trade can be stimulated. The 
idea has received the cordial approbation of large 
organisations of employers and employed on the 
other side of the Atlantic, and amongst the mes- 
sages which have been received by Mr. John 
Ames, Gisperal Secretary of the Industrial League 
and Council, is the following cablegram : “Civic 
Federation will warmly welcome delegates of In^ 
dqstrial League. Congratulations upon happy 
yqur great industrial conflict — (Signed) 
Ralph JM., Easley^” It|#s evident from the last 
sentence that, both employers and, employed in 
America haye closely watched developments in the 
Coal struggle. The Federation in question is the 
National Civic Federation of America, of which 
Mr. Samuel (k)tnper$^ -^f^sident of the American 
Federation of Labo^,.' is a vice-president, and the 
organisation embrace^ jvjthin its ranks all the big 
employers and repre^ntatives of labour in the 
United Stated. Ml J#* -f- Benn, C/B.E., Hon, 

, TT|^g;g*e|r# Elliott, a member of 
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trial centres between New York and Kansas and 
Chicago and Quebec. The Industrial League en- 
tertains high hopes that as a result of the visit, 
and the establishment of more intimate relations 
with American manufactuieis and employers, a 
great step forward will be accomplished towards 
the revival of trade. 

Tenders Invited for Australia — H.M. Senior 
Trade Commissioner in Australia has forwarded 
copies of specifications^ conditions, and forms of 
tender m connection with calls for tenders by the 
Postmaster-General’s Department for the supply 
and delivery of (1) ironwork, including couplings, 
piping, bolts, rings, &c. (Schedule No, 704) ; (2) 
29,500 porous cells, No. i size to specification 
(Schedule No. 1685); (3) 2oi tons ammonium 
chloride (Schedule No. 1683). Sealed tenders on 
the proper forms will be received by the Deputy 
Postmaster-General, Perth, Western Australia, up 
to May 25 in the case of (i), and by the DepiiU 
Postmaster-General, Melbourne, Victoria, up to 
May 31 in the case of (2) and (3).^ Local repre- 
sentation is essential, and as the time for the le- 
ceipt of tenders is limited, it wnll be necessary for 
firms tendering to instruct their local agents by 
cable. Copies of the specifications in connection 
with the above tenders may be consulted by British 
firms interested at the Department of Overseas 
Trade (Room 59), 35, Old Queen Street, West- 
minster, S.W.i. 

The Casting of Metals.— Prof. T. Turner, 
M.Sc., A.R.S.N.L. of Birmingham University, 
will deliver the Eleventh Annual Lecture at the 
Institute of Metals on this subject on Wednesday, 
May 4, at 8 p.m. The meeting will be at the 
Rooms of the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, S.W.i. Coffee and 
light refreshments will be provided at the con- 
clusion of the lecture. 

Revival in Manufacture of Linoleum. — The 
actual penury of linseed oil, colophony, Kauri 
gum, jute, and cork, as also their high prices, 
constitute an obstacle to revival of the linoleum 
industry. By utilising all the accumulated waste, 
German works were able to resume manufacture, 
but this resource will only provide for a brief 
period, the quantity of w^aste materials being in- 
significant. Moreover, these works are equipped 
for a somewhat great production, and all reduc- 
tion necessarily involves a loss in working. Lin- 
seed oil is the most important raw material, but 
considering its cost other oils are sought after. 
Whale and shark oil, prices of which are moder- 
ate, can, by direct oxidation, be made suitable for 
linoleum, combined with linseed oil and small 
quantities of wood oil. By insufflattion of air, 
as in methods for rapid oxidation, these oils lose 
their bad odour. By subsequent fusion with colo- 
phony, the odour completely disappears, so that 
the finished products are quite free frO'm a fish 
oil odour. These oils can also be polymerised in 
presence of free fatty acids and magnesia; then 
converted into linoleum, compounds yielding oxy- 
gen being added. Other oils may also be emf 
ployed, viz., perilla oil, soja, grape pips, hemp, 
walnut, poppy, and sunno'wer oils, 8cc. As a sub- 
stitute for linoxin the pitch of stearin works can 
be utilised, or colophony can be replaced by rub- 
ber resins. These last have the advantage of not 
forming combinations with zinc, oxide, magnesia. 


or lime, dilTcroutly to colophony, which foims 
vci*y hard products with them, which make lino- 
leum brittle. To' avoid these inconveniences, 
when these polymerised oils are employed with 
magnesia, it_ is well to previously etheiuse the 
colophony with glycerin. Hardening is less to 
be feared with dcmi-siccative oils. Cork can br 
replaced by peat or sawdust, and jute by papei 
tissues . — Chimie et Industrie^ January, 1921. 

Variation in the Rotary Power of Tartaric 
Acid. — Continuing the study of this variation, 
wdiich is diffeient to that pieviously given, M. R. 
de Mallemant examines the action of solutions of 
metallic chloiides and niliates. The fall in- 
creases in the senes of alkaline metals and de- 
creases in the oidei Sr, Ba, Mg, Compter, 

Rend Its ^ January 17, 1921. 
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A great undertaking, a considerable task, and a heavy responsibility are involved in the publication of 
this work This extensive publication demanded editorial capacity and knowledge, such as the editor and his 
assistants possessed, and the result represents the best achievement that could possibly be obtained by any 
publishing house 

SCOPE OF THE WORK. 

This a treatise which will be found invaluable to all who are in any way connected with the chemical 
industries,- as well as to those concerned more closely with the scientiuc aspect of the subject and it will 
prove a profitable and interesting source of information for all desirous of obtaining some knowledge of the 
subject of Chemistry as a whole, or who may be seeking for guidance regarding any particular section of 
the subject, 

There is no branch of the subject, theoretical or practical, which has not received attention. 

It may be claimed that no matter of importance has been omitted. 

THE OMLY book. 

It is the only book in which,- during recent years, the whole of the subject and its related branches have 
been treated, and it places in the hands of the chemist, at a reasonable cost, a compendium of chemical 
knowledge which will be found most valuable, and which will convey to all who use it a succinct account of 
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AUTHOR ANO CONTRIBUTORS. 
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^cnowledge of which is essential for proper treatment This has rendered possible a reasonable exhaustive 
and complete account of the industrial side of the subject. 
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ILLUSTRATIONS. 

“ Modern Chemistry ” is amply provided with illustrations. There are hundreds of text illustrations, 
which have been inserted wherever such render easier the proper understanding of the descriptions of 
processes or prmc pies dealt with in the text. There are numerous plates of considerable interest and great 
practical value, and they have been selected with much care from a very large number reviewed and collected 
during the preparation of this work. 
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THE CHEMICAL NEWS. 

VOIv. CXX 11 .» No. 3186. 

THE COLOUR AND MOLECULAR 
FORMULA OF WATER AND ICE. 

By E TOMlvINSON. 

Pari L 

In connection with Prof. W. D. Bancroft’s recent 
paper on this subject, the following notes may be 
of interest (see Chemical News, iqiq, cxviii., 197, 
208, 222, 233, 248, 254; and 1921, cxxii., 9, 34). 
{Note. — Rayleigh’s woi*k on He and Ar is noticed 
in the Chemical News, 1920, cxxi,, 248, c.f. 
Nature^ 1920, p. 584). 

Prof. W. Spring, at the sth International Con- 
gress ' of Hydrology, Climatology, and Medical 
Geology, Li^ge, October, 1898, delivered an 
address on the colours of natural waters, in which 
he states that, when puie water has a veiy slight 
cloudiness, due to the presence of finely-divided 
nearly white or colourless particles. Even if 
these are absolutely colourless, as in the case of 
very finely-divided rock crystal, a yellow tint is 
given to the water, which, together with the 
iroikf to the water itself^ produces 
as iti the cases of the Lakes ot 
Constance {c.t. other explana- 
wnis, Saiicroft, loc, cit.). The usually green 
colour of certain lakes occasionally becomes abso- 
lutely colourless, which is due to the tvashing into 
the lakes of a hue mud of a reddish tint (iron 
oxide), which neutralises the green colour, render- 
ing it for the time being perfectly colourless. 

A rather different aspect of the question was 
brought forward by the work of Threlfall 
(Richard Thielfall, Nature^ 1899, lix., 461), thus : 
^^uring a recent voyage by the Messageries 
steamer “Polynesien,” I was permitted, through 
the kindness of Commandant Bullard, to erect a 
tube 736 cm. long against the rail of the aftei- 
deck, and to pass through it a continuous stream 
ot water from the ship’s salt-water service. The 
water was taken in well forward, and at a depth 
of two or thiee metres, and consequently was not 
soiled by the passage of the shqi. I made a series 
of observations with the apparatus described, 
matching the colour of the sea^wate# by making 
mixtures of definite substances arid using these 
mixtures to fill a tube 18 cm. long, placed along- 
side the water tube. 

“Both tubes were illuminated by diffused day- 
light refiected from a white screen, and by the aid 
of diaphragms, etc.,' it was arranged so that the 
angular area of the visible part of the screen was 
the same w^hether observed through one tube qt the 
other. Observations W'ere every day on thq 

voyage from Sydney to Marseilles, but owing t.o 
the uncertainty arising from the contaminatop 
of the water by the varnisfi with which the intbifqr 
of the tube was protected, it is useless to comno^nt 
on most of the results obtained, except.inJd Tar 
as they give a means of OfSily reprod:uci|:^ Ae;. 
exact tint of pure sea-watfcr^ as k 

column 736 cm. long, ^ f 

“Make up the following ^c4,ifticm ; 
soluble Prussian blqe^^ safamM 

water, just precipttaiti|p 


bicarbonate of soda, s cc. This mixture when 
when vie’ived through a tube 18 cm. long, will 
show with considerable precision the colour of a 
sample of water fiom the Mediterranean, lat. 36 
cleg 24niin. N , long, ly deg. 51 min E. (of Pans). 
By using various lengths of tubes I found that 
when a match has once been made, it can be pre- 
served (withm the limits tested) by increasing the 
amount of Prussian blue proportionally to the 
length of the column of water under considera- 
tion. 

“In these tests I made use of tubes 183 cm. long, 
which could be mounted in series ; the relation 
held as the number of tubes was increased from 
two to five. I consider that it would be worth 
while for a series of measurements to be made 
systematically by this method, and therefore men- 
tion that the tubes must be of black porcelain or 
glass ; the water must be pumped by the observer’s 
private pump (which must be worked off the elec- 
tric service), and must give a pressure large 
enough for a Berkeffeld filter. The colour of day- 
light is also too variable on the deck of a ship 
protected by awnings, and a form of artificial 
illumination should be employed. 

“In making the colour matches, it is best to 
arrange to look down the two tubes simul- 
taneously, using one eye for each tube. By slight 
squinting, it is easy to get the sensation of two 
patches of colour on the screen side by side. 

“The majority of the samples of water examined 
by me took 25 per cent less blue to match them 
than the sample quoted, and when the water 'was 
soiled by the tube^ and perhaps at other times, it 
was necessary to add au’ amount of picric acid to 
a large proportion of the Prussian blue, and of 
course^ giving a green solution. The trans- 
parency of the water is estimated by the amount 
of precipitated chalk li is necessary to add. At 
the same time, I am not sure that the lo^ of light 
observed, and requiring the addition to the match, 
is produced by turbidity. It is just as likely that 
the absorption spectrum of water is crossed by a 
faint but uniform band end to end. In this 
case, a black liquid might be added to make the 
match, but I do not know of one which is any- 
thing like black in very dilute solution ; of defi- 
nite materials the best , was the aniline dye sold 
under the name of steej-grey, but it was very dis- 
tinctly purple. 

water on thf ^est and South-West cctet 
of Australia’ jperhaps more interesung 

than arty 1 have mr it is very ga?een indeed, 
and very clear ; so much so as to raise a doubt of 
the, adequacy of Aitken^ explanation (Proc. J^ay. 

see also Bancroft, Ipc. 
cit^^ especially as. %md looks white rathser than 
yellow. It IS just- pb^sible that the sea may, in 
certain places d&feOivi a suficienpy of yellow 
colouring matter*' f ro^ living or dead sea-weed to 
account for the tint. All the observational 
J jwsiblo ^ib^sttexuig 

'of fiheiMrticles in suspension has 

gof lOTwg fo dd colour of the searwatet.^’* 

, M ieiJily to 

iAftlen points never stah^ , thaf *the' 

e^lusiv^ came 

.*1 and OoMiudis : 

W are 
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surrounding our islands of a greenish colour”; 
but such an explanation obviously does not apply 
in the case of the Australian water described by 
Threlfall. 

In ThrelfalFs paper, reference is made to the 
absorption spectium of water. Hartley and Hunt- 
ington {Phil, Trans. j 1870, clxx., 257), using the 
spaik spectrum of an alloy of tin, lead, cadmium, 
and bismuth, found that water is quite diactinic 


transmitting all the rays as far as A = 2000 A. IT. 
On the other hand, Colley (A. R. Colley, Jonrn. 
Rusi>, Phys. Chem, Soc xxxviii., 431; xxxix., 
210) found that absorption bands occur in the 
optical and electrical spectra of water. 

Water vapour, however, shows absorption in the 
infra-red; tor example, the ‘V’ 7165 absorption 
band, no bands occ ur for wave lengths of less 

than A -5884 A.U. It was by the ^‘a” band that the 
presence ot water-vapour was detected on Mars 
(see Rolston, Nature ^ 1007, Ixxvii., 442; Shpher, 
ihid.^ 407; Lowell, ihid.^ 503, (106; Campbell, 
Pnd., Ixxxiv., 317) 

A dark line or band in the spectrum of water 
has been reported (T. W, Backhouse, Nature.^ 

igio, Ixxxiy., 530) at A =6000 X.U. approximately, 
occuiring^in buish-green fresh water and in sea- 
watei. This line would tend to make water blue, 
but its effect is masked by strong general absorp- 
tion in the whole of the red and orange beyond 
this dark line. In sea-water, this, general absorp- 
tion wa.s found to extend more feebly to the D 
line of the solar spectrum, and even to the dry 
air band ^ . The deep green of Lago Maggiore 
gave an almost identical line. This line was not 
found in the water of Lake Cieneva, noted for its 
deep blueness, but the general absorption at the 
red end of the spectrum was very striking. Back- 
house states that the blue.st water is at Lago di 
(ionda, and the Blanc See, near Handersteg. At 
the former place, the blue colour of the water was 
slightly tinged with green, but was often blucu* 
than the bluest sky. 

Sir E, Ray Lanke.ster {Nature^ igio, Ixxxiii., 
68) drew attention to the beautiful light-blue 
colour of the watei in storage tanks which had 
been treated for hardness by Clarkes process, the 
colour being independent ot the condition or the 
sky, and visible at (almost) any angle of vision. 
He also noticed that the white porcelain of a bath 
appeared distinctly blue with a layer of water 
2oin. high in strong sunlight, the intensity of 
colour varying with the movement of the water 
in waves or ripples. 

It has been shown (H. T. Barnes, Nature^ 1910, 
Ixxxiii., 1S8) that the rich blue colour of the hp.rd 
clear ice at Glacier, B.C, persists even with small 
pieces of the ice; and surface ice, which has been 
slowly formed by conduction, and taken out of 
the St. Lawrence River, shows the same effect — 
but the block loses its colour after long exposure 
to light, and very rapidly in sunlight. Coloured 
sediment and air-cavities detract from the colour, 
t^rnes attributed this colour to a “real absorption 
effect due to the large molecular aggregates, 
WTiich absorb the long rays, g,nd not a “blue-sky” 
effect Sea-water is particularly blue, and here 
added effect of salt molecules (in 
addition to which the water of the sea is verv 
cl^ear). W. H. Skerzer (Smithsonian Report, 1007) 
showd that the blue colour of the water and ice 
'01 the Canadian Rockies is a real absorption 


effect, the blue colour being increased by the pre- 
.sence of minute white sediment but not by 
coloured sediment.” He refers to the analogy of 
the bcaiiiiful blue colour of liquid air as soon as 
most of the nitiogen has boiled away (due to the 
formation of complex oxygen ^ mcdecules), and 
notes that the vanations of specific heat, density, 
viseosil\, and c oinpi ossibility ot water vvith tem- 
peiatuie are due to gradual diminution of the 
molecular aggicgates. It will be noted that this 
suggestion is in agreement with that advanced by 
J. Duclaiix and Mnie. K. Wollmann (Joiini. 
Physique^ h) 12, (v), ii., 263 — see CTfKMlCAl. Nb^WS, 
1921, exxii., 9, 34)< 

W. N. Hanley [Nature, igio, Ixxxiii., 487) 
found that o])tically juirc water cannot be pre- 
pared by distillation, even by first distilling with 
acid peimanganate, and then re-distilling from a 
copper vessel into a icreiver placed in a hydro- 
gen atmosphere (which lattei provides an optically 
pure atmospheie), but pure (optically) water was 
prepared by Tyndall by melting clear block icc 
in a vacuum, and this whaler was bine when 
viewed thiough a lube 3tt. in length. Piof. 
Hartley stated that it is only possible to observe 
the beautiful blue coloui of the water at Fairy 
Loch beside Loch Lomond, being where it wells 
up from a fissure in the lock and passes over a 
vein of milk-white quartzite. In another instance, 
the blue colour was only obseivcd when a white 
object was placed in the water. Hartley's ex- 
planation is that the blue is wholly due to absoif)- 
tion of rays of complementary coloui ; because, if 
not, the lefiection of the blue rays by suspended 
line particles should be seen against a dark ground 
on looking into the water, but this was found not 
to be the case. Against this we kno\v that the 
light escaping reflection has a reddish-golden 
colour. He concliules : “In a hazy atmosphere 
when the sun is low and we look towards it we 
seen the golden ciilour; in the opposite direction 
we see the blue opalescence. The white light 
from the sky tiaveisecl the (last-mentioned) water 
in tw’o directions lc» the bottom, and then, by re- 
flection, back again, and it is sate to say that these 
two opposite colours would neutralise each other,” 
(The \vater when undisturbed on the surface was 
almost invisible, but the bottom of the pool was 
composed of red stone. — E.T,), 

A very interesting account of observations made 
on the “Challenger” and at other times is given 
bv J. V. Buchanan [Nature, 1910, Ixxxiv., 87). 
He states that the green colour of the Antarctic 
w’ater is due to the abundance of diatoms, and to 
a greater extent, to the excretions of animals for 
the subsistence of which the diatoms furnish the 
ultimate food supply. He says that the three 
colours of the ocean are ultramarine and indigo 
and the above green, and very properly notes that 
for the correct observation of the colour the 
greatest amount of light must reach the eye after 
passing through the w'ater, and the least after re- 
flection. By observation through the “sciew'-well” 
of the “Challenger,” he was convinced that the 
ivater contained in its own mass suflicient colour 
to account for all that was perceived. As a re- 
sult of experiments in the mid-Pacific, he con- 
cluded that the length of the uninterrupted column 
of (sea) water which transmits the more intense 
colour (pure but pale ultramarine) must be many 
times greater than 25 fathoms. He showed that 
the green colour of the sea-water at Mogador is 
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due to altered chlorophyll (see also W. N. 
Hartley, ‘‘Deep-Sea Chloiophyll,” Proc, Roy Soc, 
Edin,^ iSSs, xiii , 130); and similarly for the water 
from Valparaiso to San Francisco. 

Prof. Bancroft {loc. cit ) referred to the possible 
analogy bet\\een the colour of the blue sky and 
that of water. Loi'd Rayleigh has lecently shown 
that the former is due to scattering of light by 
suspended particles (Friday Evening Discourse, 
Royal Institution, May 8, h)2o; Nature 1020, 
584). He has shown that light from the blue 
sky IS polarised (when examined at light angles 
to the sun), just as is the blue light produced by 
scattering by particles of sulphur fo'rmed bv addi- 
tion of acid to a solution of sodium thiosulphate, 
the laterally scattered light in the last case corre- 
sponding to that of the blue sk.\, and the trans- 
mitted yellow light corresponding to that of the 
setting sun. The theory that the colour of the 
blue sky is due to the absorptive effect of ozone 
does not account for this polarisation (p. 586). It 
is of interest to note that the light from the night 
sky shows very little polaiisation (compare Ray- 
leigh, Naiiire^ March 17, ig^i) Fov Lord Ray- 
leigh’s recent work on the light scattered by gases 
in respect of polarisation, see the references given 
in the CHEMICAL NEWS, 1921, cxxii , 34*, and also 
Nature^ 1917-1918, and Coiuptes Rend us, 1920, 
clxxi., p. 1002, with icfereiice to the work of 
Cabannes on the “Light Diffused by Argon”). 

Note — The work by Di. H. S. H cl e-Shaw and 
others on the production of coloured bands b) 
water in a state of tension may have some connec- 
tion with the coloui of walei, but the subject is 
too complex to be entcicd into heie (see Stature,, 
1898, Ivui., 34, 520, 535; Osboine Revnolds, ihld^ 
467; Hele-Shaw, ihui, i8go, lix ; Rep, Brit. Assoc, 
1898; and foi latei developments, C. J. Cokei, 
Engineering^, 1921, cxi., i ; and also March 24 and 
31, 1921). 

The Molecular P'onnu^a of Water, 

The molecular formula of water at o" corre- 
sponds to (HaO)^, according to the surface tension 
method of Eotvos (Ramsay and Shields, Zeitschr, 
physikal Chevi,^ xii., 433; Phil. Trans ^ 

i8q3, a, 662; Zeitschr, physikal Chem,^ 1893, 
xii , 464; and the ‘‘Molecular Complexity of 
Liquids,” Joiirn. Chem. Soc.^ 1893, Ixiii., 1089). 
This IS a high value fyi a liquid, and water has 
also a large dielectric constant, 77 at 18®, in 
which, however, it is exceeded by liquid hydro- 
c\anic acid (Zeitschr. physikal Chem., 1902, 
xxxix., 217), HaOa, Hiul fomiamidc (Walden, 
Tran^. Far, Soc., 1910) 

The dissociation of watei me teases with rc-ae in 
temperature (Noyes, Carnegie Institution of 
'Washington, Monograjih No. 63) and this is ex- 
plained (by Holmes) because water at low tem- 
peratures contains only a few molecules of H^O, 
most of the molecules being polymerised; with 
rising temperatures these molecular complexes 
break down into simple molecules H3O, of whi-ch 
the number in water is rapidly increasing with 
rising temperature, it is quite possible that whilst 
the percentage of H3O molecules actually disso- 
ciated into ions, like other substances, decreases 
with rise in temperature, the concentration of the 
ions in pure water would increase until a large 
part of the polymerised water molecules had 
broken down into the simpler molecules, which 
only occurs at a comparatively high temperature. 


Ramsay and Shields (loc. cit.) found the value 
of the association for water at its boiling point to 
be 366; \\hilst P. A. Guye (on the “Nature of 
Molecular Associations in the Special Case of 
Water,” Trans. P^ar Soc. , 1910, vi., 84) found the 
value 1*96, which, however, agrees with othei 
determinations. Bousficld (ibid) pointed out that 
if this value wcie accepted, Sutherland’s theory 
that liquid watei is a mixture of di- and tri-hydrols 
becomes untenable, because if water is associated 
above 100°, monohydrol must exist in considerable 
amounts to lower the average association value to 
less than 2. I do not see how this follows — the 
monohydrol might quite conceivably be produced 
by decomposition of di-and tii-hydrols with rising 
temperatuie (cP 100°+); but, in any case, 
Guye’s values aie unconected foi equation of 
state (see Kendall, Chemical News, 1921, cxxii,, 
32). 

T. M. Lowiy and W. A. Boustield (Trans. Par. 
Soc._, 1910, VI.) have proved that it is absolutely 
necessary to asesume the existence of mono-, di-, 
and trih^drols in older to account for these com- 
plex changes and those occuiiing with solutions an 
water. 

Sutherland (Trans. Far. Soc ^ 1910, vi.) sug- 
gested that the hexagonal symmetry of ice crystals 
as evidence in favour of the trihydrol formula (foi 
ice). He calculates the following densities : — 

Density. 

Solid. Liquid. 

Monohydiol, H,0 r37 1*26 

Dihydrol (HaOla 1*13 rog 

Trihydrol, (HgO)., .. .. 0*92 o*88 

and considers that monoid clrol is not present in 
liquid water, but is present in all salts containing 
water of ciystalhsation. 

The minima in the specific heat of steam under 
moderate ptessuies and of liquid water^ under 
model ate changes are attributed to the dissocia- 
tion of complexes, which explanation also applies 
to the anomalous behaviour of water at 4"^, its 
magnetic behaviour (Comptes Rendus^ 1912), and 
the variation in viscosity and compressibility of 
water with temperature changes. 

F. P. Sexton (Trans. p\ir. Soc.^ 19 jo, vi.) calcu- 
lated the specific heat of the first four molecules 
of water in CUSO4.5H3O to be 0*499, and the fifth, 
0-508 Sente i (ibid) stated that, in compounds 
like CuSO^.saq. four molecules of water are prob- 
ably definitely associated with the metallic atom, 
and the remainder perhaps attached to the mole- 
cule as^ a w'hole. This should be considered in 
connection with Mr. H. T. F. Rhodes’ paper 
(Chemical News, 1921, cxxii., 85, 97), in which 
(p. 87), formula (A), accords with Senter. He 
also refers to Kohlrauch’s ling formula for water 
(p. 86), which is probably in agreement with 
Sutherland’s suggestion. According to this, 
sodium hydroxide should have the constitution 
HO . Na 

HQ . Na HO . Na 


i.f.j (NaOll5,i.!i 


HO . Na HO . Na 
\ / 

’ \/ 

- aa.Na , 
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This would probably be determinable by surface 
tension measuiements of liquid caustic soda. (See 
also Jackson, Chkmical News, 1920, cxx. , 80, tor 
colour of CuSO^.HaO and CUSO4.5H3O). 

Mr. W. R, Fielding has now modified his theory 
of polymerisation in the solid state^ to conform 
with the view that ice at Us melting point is 
(HaO)a, whereas he previously concluded it to be 
(HaO)a. Ramsay and Shields, hpwever, deter- 
mined It to be (HaO)*, whilst by X-ray analysis, it 
has recently been evaluated as (HaOja (D. M. 
Dennison, Chemical News, 1921, cxxii., 55 )- 
This latter value is a direct determination, and 
should, I think, be accepted. 

From a consideration of the connection betuocn 
association and dissociation, it has been conclude *1 
that non-associated liquids do not ionise sub- 
stances dissolved in them, associated liquids do. 

In conclusion, we may note the following in- 
vestigations in this field ; Armstro*ng, B.A, Rep., 
1885, 962; Armstrong and Watson, Proc. Roy 
Soc.j 1Q07, A,lxxix., 570; Caldwell, tbid^ igob, A, 
Ixxvi., 2725 Whymper, iindj 1907, A,ixxix., 576; 
Ixxvi., 272; Whymper, ihid.j A, Ixxxvii., 664; D. 
Berthelot, Commies RenduSj 1900; and Porter, 
Trans, Far, Soc.^ igio, vi. 

Finally, the theories as to the colour of water 
and ice may be thus grouped : (i) That the blue 
colour of pure water and ice is due to selective 
absorption of rays of complimentary colour, per 
haps due to the molecular aggregation (Duclaux : 
and WoUmann; H. T. Barnes; and also W ; 
Spring) ; (2) that the colour is due to scattering of ' 
light by suspended particles (Aitken, Abegg, &c.); * 
{3) that the colour is due to a sky-eifect; (4) that, 
in the case of sea-water, it is due to dissolved 
organic matter (Buchanan). 

I think that (i) and (4) adequately explain all 
. the observed facts. 

6, Kitchener St., Walney, 

Barrow-in-Furness . 

4th April, 1921. 


THE PRESENT POSITION OF CHEMISTRY 
AND CHEMISTS.* 

By Proh N. T. M. WlLSMOKE. 

The tremendous events through which we have 
passed since the last meeting of the Australasian 
Association for .the Advancement of Science have 
brought about changes in our social and economic 
conditions of so far-reaching a nature, that little 
apology is^ needed for attempting briefly ‘ to take 
stock of the resultant effect on the position of 
Chemistry and chemists. 

Many of the changes caused by the war are still 
in progress, whilst others are too recent to be 
viewed in their right perspective, so that with 
regard to most of them it is hardly possible as 
yet to decide which are for the better and which 
for the worse. Nevertheless, I think we have 
some ground for concluding that, on the whole, 
the effect of the war on the position of chemistry 
and chemiste has been favourable. In amy case, 
it has provided an object lesson of the national 
importance of chemistry, which the man in the 
street cannot afford to neglect. But much remains 

^ ♦Presidential Address, delivered before Section B (Chemistry) 
f of the Anstralasian Assooiatimfor die advancement of Science at the 
> Meeting held in Melbourne. 


to be done before chenii.-^trv is generally recog- 
nised, as it should be, not onb u.s nn indispensable 
branch of exact knowledge, but also as one of the 
learned piofessions, not inferior in status, for ex- 
ample, to law, medicine, or engineering. 

Prior to the war the statu.s of science and scien- 
tists in the estimation of the Government and 
people of Britain, and of Australia, compared 
most uiifavouiablv with that accorded to them on 
the Continent of Europe oi in the United States 
of America; and in spite of the drastic lessons of 
the war, it is still far from satisfactory. It has 
been well said that tlie work of men of science like 
James Watt or .Dalton or Faraday has done more 
to shape 0111 modern social and economic life than 
any statesman or so-called “social reformer” — daie 
one, in this free coiintiy, even with bated bicath, 
add “or Labour leaclci”.?' — who ever lived. Yet 
there is too much reason to doubt whether so much 
as five per cent of the elected reiiresentatives of 
the people in Biiiain or Australia could give an 
intelligent answer, it they were asked who Dalton 
or Faraday were, or what they did. 

As Mr. H. G. Wells in his “Outline llistoiy of 
the World” so forcibly and clearly points out, the 
present cultural ascendanc\ of the European 
peoples does not necessarily piovc their racial 
superiority over the peoples of Asia. This as- 
cendancy dates back only some tour hundred 
years, and is due primarily to the command over 
the forces of Nature, achieved by a relatively 
small number of devoted men of science. Theie 
is good reason to believe that amongst the Asiatic 
peoples men not inferior in ability, may be found, 
who, given suitable environment, might? 
similar results. Already the 
beginning to realise this possibility; and ' When 
their awakening is complete, the ascendancy of the 
European peoples may disappear as qhickly as it 
arose. The progress made by Japan alone in one 
generation ohows that our comfortable belief in 
the fundamental superiority of the Kuiopean may 
be a dangerous delusion, and that any weakening 
in the pursuit of scientific knowledge means risk 
of losing our present lead, possibly for ever. 

However, in Australia we may congratulate, 
ourselves that some progress is being made. The* 
Institute of Science and Industry has at last been 
put upon an apparently permanent basis, and has 
been voted an income of £15,000 per annum. 
Carping critics may say that for the task of co- 
ordinating and organising the application of exact 
knowdedge to the industries of Australia this sum, 
in view of the depreciated value of our currency, 
IS ludicrously inadequate. But on the other hand, 
it amounts to nearly one-third as much as the in^ 
voluntary contribution which our grateful county; 
is making to increases in Commonwealth 
mentary salaries, so obviouslv science has;« 
reasonable ground to complain. . 

The unsatisfactory status in British eWmunities 
of science in general is unfortunately bh^s^ned by 
chemistry and chemists. This does not mean that 
British chemists have to admit inferiority to those 
of other countries. Far from it On the con- 
trary, they may justly claim that in the quality, 
and in proportion to their nuJnbers, in the quan- 
tity also, of their contributions to knowledge, es- 
pecially those of a pioneering nature, they need 
not fear oomparisoa *with the chemists of any other 
nation. Yet up to, ^ and even after the outbreak 
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of war, their efforls to secure adeciuate recogni- 
tion of their science from manufacturers. Govern- 
ment, and people, were met for the most part r\itb 
contemptuous indifference. Since chemistn in- 
cludes the study of changes in matter and of tht' 
accompanying transfoimations of eiieig\, there is 
scarcely any branch of pioductive activity \Ahich 
does not require some knoivledge of chemical 
phenomena, and in which, therefore, the progres- 
sive developments of modern chemist: \ can safeh 
be ignored. This truth, which is stated at the 
beginning of most elementary text-books on 
chemistry, is so familiar to chemists as to be com- 
monplace. Yet the oft-iecurring faiUue of othcis 
to appreciate it, and to make effective use of the 
chemical knowledge and skill avmlabic, had as its 
inevitable consequence that ‘many of the Biitish 
manufacturing indiistricb, especial l\ the more 
particularly chemical industries, uere falling be- 
hind in the race foi woild supremacy; with the 
further consequence that we nearly lo^t the war, 
and with it our. existence as a Great Powci, pos- 
sibly even as an independent nation 
^ Fortunately for us there were notable excep- 
tions to the general rule. For e.xample, in one 
of the most irapoitant brant hes of applied chemis- 
tiy in Britain, nam^lv the steel industry, intensive 
research and scientific control had been for \ears 
the general practice in many of the works, with 
the rf$utt that, the crisis came, the industiw 

, jre^pond to the enormous and yaiied 

'! ^hich were made upon it. Another in- 

s%aii<^ Of the value of chemical research and con- 
trol is given by the history of Brunnex, Mond .& 
Co.,_ who, in the words of Pi of Don nan, revolu- 
tionised the iliilish alkali industry by introducing 
the delicate equilibria and leactions of Solvay in 
plate of the rough-and-tumble heroics of the oldei 
Le Blanc process. The stune policy enabled this 
T 5 rm to give invaluable help to the British 
Government in connection with the manufactuic 
of high explosives After many months of war, 
the British War Office decided to follow the Ger- 
man and Austrian lead, bv adopting in place of 
picric acid or puie T.N.T. for the bursting chaige 
of high explosive shells the much cheaper but 
equally effective mixture known as “amatol” con- 
sisting of 80 per cent by weight of ammonium 
nitrate \vith only 20 per cent of T.N.T. The 
manufactuie of ammonium nitrate had, thciefore, 
to be developed on a very large scale, but owing 
to the* great amount of data and experience on 
application of the Phase Rule to the phenomena 
of solubility and ci> stall isation in connection w'ith 
solutions of mixed salts, w^hich they had been 
accumulating for many years, the research staff 
of Brunner, Mond & Co, were able rapidly to work 
out on a technical scale throe extremely neat and 
efficient methods for this manufacture, starting 
111 the one case from synthetic calcium nitrate,' and 
in the other tw'u from Chili nitre. 

As examples of the estimation in which chemi^ls 
have been held by Government officials, the fol- 
lowing incidents are worth recalling. Early in 
iqi5, w’hen the demand for a vastly increased out- 
put of munitions of alt kinds w^as becoming 
urgent, the War Office found itself oblige 
crease the staff of the ,Res^rch 
Woolwich, and accordingly* ^advertised 
ber of research chemistSi ‘ 
quired,were a : 
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try and experience in analytical work; and to 
chemists posbcssing these qualifications was 
offered the munificent salary of £2 os. bd. pei 
week. At the close of the same year the Bntish 
House of Cummuns Reciiiitmg Committee, in 
attempting to rlassiH vocations according to 
utility for munition and other work at home, 
issued the statement that the classes of workers 
which could most readily be spared for seivice in 
the Army weie “uavvic.\, tnnnellers , and chem-^ 
!” On which the late Sir William Rainsav 
commented in a letter to the Press that, although 
this estimate of the value of chemists was doubt- 
less due to ignoiance, the men responsible for it 
had theix:b> shown themselves unfit to be trusted 
with the destinies of the Empire. But in this con- 
nection Austialian officialdom was not to be out- 
done, foi about the same time the Victoiian De- 
jiartraent of Mines adveitised for a chemist with 
a B.Sc. degiee and a sound knowledge of chemi- 
cal analysis, to take pait in rcsearcji w'oik on the 
distillation ot brown coal and similar important 
problems, at the princely salary of £j2 per 
annum 1 

Official indifference to science in general, and 
chemistry in paiticulai, has co^^t us dearly, both 
m blood and treasure We knowq for instance, 
that early in iqis Geimany w'as running short, not 
only of piopellant explosives, but also of the par- 
ticular raw materials, cotton and glycerin, re- 
quired foi making them. Yet, in spite of the re- 
peated wamings of Sir William Ramsay and other 
eminent chemists, our blockade was so negligently 
enforced, that for the first 15 months of the war 
the imixiitation into enemy countries of cotton and 
of fats and oils was alipwx‘d to go on almost xin* 
checked. As an example of the kind of ignorant 
obstruction which chemists had to face, it will 
suffice to mention that a well-known technical 
chemist of my acquaintance, in the course of an 
interview on this subject with a high official of the 
War Officxi, was met by the reply that, if we 
stopped the importation of cotton-w'ool into Ger- 
many, the Germans would simply make their 
explosives from skeefs i-vool instead, and 
that there was iheretoie nothing to justify 
the risk which we, should run of offending 
the United States ! However, at last things 
began to move, for a little Later we find 
the present Lord Chancellor (then Sir F. E. 
{Smith! ^ statiiig in the eburse of an argument in a 
Contraband cfise befbre the Prize Court, that it 
had hideir discovi^ed that glycerin could be 
made from lard.^”' Although he was thus uncon- 
sciously celebrating the. centenary of Chcvieul’s 
gre2|t^dis<iovery, it ii^ ^rhaps better that the mem- 
ibdrs' bf our “govermhg classed” should acquire 
iscientific knowledge a little late than not at all. 
'Unfortunately, by the time sufficient understand- 
ing of the elerh,fentary ch^i^try of explosives had 
p^etrated tbehaihd?, Ibe powers that be to in- 
tduce them to blockade really; effectives, 

ItSbe hindering the German 

^ explosives was lost 

';]buritig the {respite ^ j^iierously allowed them hy 
itjbd bntish Govern||i|ft 'the German chemists, had 
;}b^ dev#® H makin§i,,rif<Ma 

■ iWsH tefTOt||^^nfficien.tlY purh" 
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The exceptionally uiibatibfactoiy btatus ^ of 
chemistry in the British Empire may be ascribed 
to various causes One of these, and one which 
btill operates to our detriment, has been the British 
Pharmacy Act of 1867, which has been adopted 
in principle throughout the Empire. For the 
most part this Act was admirable, as it not onh 
gave legal recognition to the ancient and honor- 
able profession of pharmacy, but also provided 
the public with a much-needed safeguard against 
the unchecked sale and incompetent dispensing of 
drugs possessing poisonous properties. But un- 
fortunately, it contained one provision which has 
led to a most serious misunderstanding in the 
mind of the British public concerning the proper 
meaning of the word “chemist’’, and the rightful 
status of the chemical piofession, a misunder- 
standing W’hich is not found in any other civilised 
country. This provision forbids anyone but a 
chemist as defined in the Act to describe himself 
as such unless he has been duly registered as a 
'^chemist and druggisf 01 a "’pharniaceiiticnl 
chemist.^^ Thus, to quote the Historian of the 
Institute of Chemistry of Great Britain and Ire- 
land, “the President of the Chemical Society of 
London cannot in strict la\N call himself by the 
name by ^^hlch he is known throughout the civi- 
lised world withfiut breaking the Ians of his 
country.” It is difficult to believe that such a pio- 
vision could have been passed by any legislatuie 
which was not pitiably ignorant of modern science. 

I understand that it has been ^idopted in a pecu- 
liarly obnoxious form in the State of Victoria. 
This deplorable but legalised annexation of the 
generic name of “chemist” by the followeis of a 
specialised branch of applied chemistry is an ex 
ample of a form of legislation which is fortunately 
rare. In fact, the only case at all parallel which 
1 can recall, was v^hen, somewhere about 1880, the 
Parliament of New South Wales, at the instan<T 
of the late Sir llemy Parkes, sought to have the 
name of that colony changed to “Australia.” 

It is pleasing to note that in other respects the 
relations between p'harmacists and non-pharma- 
ceutical* chemists have been generally friendly, 
In fact, the British Phaimaceutical Society gave 
valuable help to the Institute of Chemistry, when, 
in r884 and 1885, the latter was applying for its 
Royal _ Charter of Incorporation. AEo in the 
meantime, many pharmacists seem to be coming 
to the conclusion that the name “chemist” is of 
questionable advantage to them, now’ that the pub- 
lic has been forced to realise that there are other I 
important species of chemists, who have nothing ' 
to _do witti the dispensing of drugs or the sale of 
poisons. The signs of the times are therefore 
looking favourable to^ some reciprocal arrange- 
ment between pharmacists and chemists, wffiereby 
the former might consent to renounce the terms 
“chemist and druggist” and “phamaceutical 
chemist” in favour of “pharmacist” or “apothe- 
cary,” provided that the latter assist them to se- 
cure a stiffening up of the Pharmacy Acts, so that 
the dispensing of any kind of medical prescrip- 
tion, whether containing a poison or not, by any- 
one but a properly qualified and registered phar- 
macist would be prohibited Such an arrange- 
ment could, however, be carried through only 
gradually and cautiously, or unjustifiable hard- 
ship to the present holders of the vested interest 
m the titles “chemist and druggist” and “pharma- 


ceutical chenubt” would be caused. For example, 
any sudden demand to altei bhop signs and labels 
would entail very serious cost. But the veiy fact 
that any such change must be slow' icquires that 
this matter should be taken up vigorously by res- 
ponsible bodies of chemists without delay. In 
this connection, it is w’orth noting that friendly 
negotiations with the above end in view have been 
going on for some time in England belw’cen the 
Institute of Chemistry and the Pharmaceutical 
Society, with some promise of success. 

Much of the indifference to science shown by 
the average layman, must, 1 fear, be ascribed to 
his school training. Although science teaching 
of a sort IS becoming general in out secondary, 
and even to some extent in our primal y schools, 
it is too often so unintelligent and perfunctory 
that to many pupils it probably docs more harm 
than good. In British secondary schools the prac- 
tice is extending ot employing foi the teaching of 
science subjects teachers wffio have gained a uni- 
versity degree, piefeiably w’ith honours, in those 
subjects. In Aiistialian schools, however, with 
some notable exceptions, the salaries offered aic 
too low to attract science teachers of fiist-rate 
ability and adequate training. In other words, 
the teaching of science is fiequcntlv left to the 
type of teacher who is content to keep one page 
ahead of the pupil, and who is thcrcfoie unfitted 
to- present the subject to the latter as a living 
thing, of fundamental impoitancc tn his daily life. 
Under such conditions, school science dc'gcnerates 
into a mere cramming of te.\t-books, which in 
accordance with the good old school precedeul, 
seem to have been selected chiefly for their exceed- 
ing dryness, and the inevitable result follows, that 
the mention of science calls up in the pupil s mind 
a positive repugnance, instead of the interest 
which should stimulate him to pursue the sub.iei't 
further for himself. Sir Robert Hadfield has ic- 
cently ascribed his eaily interest in science laigc'lv 
tO' that fascinating w'ork, Peppci’s “Playbook ot 
Science,” and in a humbler capacity J must make 
the same confession. In this and the companion^ 
volume, the “Playbook of Metals,” which weie not, 
and perhaps never could have been, school text- 
books, Pepper developed the art of conveying 
exact information and sound scientific principles, 
and at the same time calling up a spirit 
of scientific romance wffiich is peculiarly attrac:- 
tive to the average boy. Sir Robcit Had- 
field states that not long ago he presented 
several hundred copies of a modernised edition 
of the “Playbook of Science” to the elementaiy 
schools of Sheffield, wdlh satisfactoiy results. 
It would be w’ell if a little of the spirit of that 
book could be infused into school science text- 
books generally. But it may be doubted whether 
any spirit of romance could survive the deadening 
influence of the examination system. 

Scientific men as a body have suflered in the 
past from too much leluctancc to push their 
claims to recognition. 1 do not mean that we 
ought to rush into a campaign of self-assertion; 
but there should be a happy medium, if w’e could 
only find it. In the first place, the frequent prac- 
tice by scientific men of doing valuable work 
gratuitously for governments and other public 
bodies, although it may be clear evidence of a 
moral superiority, is bad business, and should be 
discontinued. In the estimation of governments 
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and the public, the value of scientihc, as of >ther 
work, is a function of the price which thcv have to 
pay for it. The function is too- complex for com- 
plete analysis, but thib much is clear, that as the 
price paid for scientific w’ork approaches zero, the 
value set upon that work by those who benefit 
from it also becomes zero, or even negative. 
Further, no other class of professional man is 
expected 'to work gratuitouslj for public bodies, 
and when scientific men do so, they have onlv 
themselves to blame if their modesty is regarded 
as a confession of professional inferiority. If 
scientific men do not stand together to uphold then 
just claims to adequate rew'ard fo-i their labours, 
they may be quite ccitain that neither Govern- 
ment nor public is going to lose any sleep on 
their account That the matter is urgent is shown 
by the fact that quite a number of prominent 
chemists, whom I had hoped to see at this meet- 
ing, have wudtten to say that they cannot afford 
the journey. If the effect of the high cost of 
living and travelling on men with fixed salaries 
is going to convert the Australia States into w’atei- 
tight compartments, so far as men of science aie 
concerned, the prospects of science in Austialia 
are not encouraging. 

On the technical and industrial side chemists 
have fared unfavourably in ])iofessLonal status as 
compared with engineers. The reasons for this 
are not far to seek. The products of the en- 
gineer’s labour are usually of a permanent nature, 
and appeal to the eye as definite and concrete 
achievements. The business or financial man be- 
lieves that he undei stands them, and to some ex- 
tent appreciates the dilhculties which have been 
overcome in their erection Naturally, therefore, 
he respects the man who created them. Also- the 
engineer duung his tiaining has usually seen 
something of the handling of labour, and has 
acquired sufficient knowledge of business to enable 
him to- meet the purely businc.ss man on mote 
or less equal terms. On the other hand, our hard- 
headed business man is apt to regard the chemist 
as either of doubtful utility 01 a suspicious 
character. So far as he can see, the chemist seems 
to- be spending his time in juggling with invisible 
molecules and atoms and electrons, wdiich, as a 
business man has put it, *‘are so small and insig- 
nificant that they haven't got any size to ’em"; and 
it is difficult to convince him that these insignifi- 
cant things make up in numbers for wdiat they 
lack in size, and that he who cah control them 
will rule the w’orld. It must be admitted that the 
training of the chemist has been largely to blame. 
More often than not he has had no- chance during 
his training to get any insight into the handling 
of labour or into business methods, or the working 
of technical plant, so that he starts his works ex- 
perience with a heavy handicap as compared with 
the engineer. Hence we so often find the manage- 
ment of a manufacturing concern, even when the 
processes involved are largely of a chemical 
nature, in the hands of purely business men, or at 
the most of engineers. In such cases the chemists, 
if emplojed at all, are reduced to the position of 
mere testeis, and are discouraged; from acquiring 
too- much knowledge of the business, let alone 
offering suggestions or criticisms* The idea of a 
chemical research department is scouted as a 
costly fad, and the so-called ‘^practical man,” who 
in reality is usually the worst kind of hap 4 ^zard 


theorist, reigns supieme. It is not suiitrisiiig that 
chemical manufactures under such conditions tend 
tow^ards stagnation. In fact, a business involving 
chemical processes cannot be run indetinitely on 
such lines with safety ; sooner or later it must 
succumb to the competition of more progiessive 
rivals. Experience has sliowm the great advan- 
tage to be derived fiom allowing the chemists to 
acquire a working knowledge of every detail of 
the business, and even to share in the manage- 
ment. Above all, facilites foT research are essen- 
tial, if progress combined wnth economy is to be 
ensured. It hardly ever happens that the working 
out of new processes or of imiirovements in exist- 
ing processes is achieved without making mistakes. 
And it should be obvious, even to the purely busi- 
ness or financial man, that it is cheaper to make 
these unavoidable mistakes on a small scale in a 
research laboratory than on a laige scale m the 
works. 

(To bs continued.) 

NITROTAHTARIC ACID. 

By ARTHUR LAC H MAN. 


Vlthough nitrotaitaiic acid is the raw mateiial of 
the important dye taitiazine, it has not been the 
subject of much published w’oik; it is, however, 
a very interesting substance. It was first piepared 
by Dessaignes (Dessaignes, iifid., 1852, liv., 73D. 
by dissolving tartaric acid in strong nitric acid, 
and adding sulphutic acid to the mixture. He 
fo-und It a rather unstable compound, and des- 
cribed its decomposition jiroducts quite acciiiately, 
although he overlooked the most impoitant one, 
viz., dioxy-tartaric acid. This reaction w’as dis- 
covered by Kekule (Kekule, 1883, ccxxi., 

245). Dihydroxy-tartaric acid behaves like a dike- 
tone, and it is a condensation pioduct of this" 
diketone with phenylhydiazine sulplionic acid 
which forms the dye tartraziue. 

There would seem to be little cimibt, from its 
method of preparation, that nitiotaitaiic acid is 
really what its name implies, viz., the nitric ester 
of tartaric acid; yet it is usually leferred to with 
quotation marks around the ‘ffiitro," or as “the 
so-called nitrotartaric acid." Its actual relation- 
ship to tartaric acid could only be brought out by 
reducing agents, such as ammonium sulphide; 
other reagents gave either dikydraxy’-tsirtaric acid, 
or its decomposition products. It was an open 
question, therefore, whether nitrotartaric acid is 
not really a derivative of dihydroxy-tartaric acid, 
and thus an oxidation product rather than an 
ester. 


The Constitution of NtfroiarUzric Acid, 


It is very difficult to dehydrate nitrotartaric 
acid completely; if the material is left exposed 
to air, it slowly takes up more moisture, loses 
nitrous acid, and changes over to the dihydroxy 
acid. If the slightly mqist nitro acid is stored in 
a stoppered; vessel, on the other hand, the brown- 
ish fumes, which appear', at first, soon vanish; and 
after an interval of several vreeks, the bottle <;on-- 
tains nitric acid ftunes, and a hard crust which 


proves ,to be chiefly tartaric acid. 

The hydrolysis of nitrotartaric acid into its 
original components be hastened consider- 
ably. Onp piheiy-tthree hundredth! , grm , 
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moistened ■with one drop ol water in a test-tube, 
showed nitric fumes after four days; after six 
days, tartaric acid was determined by the Golden- 
berg method, and I'o; gnn. found, 89 per cent of 
the amount calculated. The same quantity of 
nitro acid was moistened with 1 cc. of stiong nitiic 
acid, containing 0*3 grm. of water (just sufficient 
for complete hydrolysis) \yhen 1*12 grm. of tar- 
taric acid was found, q4 per cent of the theoictical 
yield. The reaction in this latter case completed 
itself overnight. 

The extent of this acid hydiolysis is stiongly in- 
fluenced by the propoition of uater present. 
Thus, when 2*00 gnn. of nitro acid was allowed to 
stand with 7 grm. of w'ater and 2 gim. of nitric 
acid, only 0*15 grm. of tartaric acid was found, 
a 12 per cent yield, and when still largei pro- 
portions of water are used, only traces of tar- 
taric acid make their appearance. 

Tartaric acid is also produced by the action of 
a few drops of .strong hydrochloric acid or of 
moderately diluted sulphuiic acid. There is little 
doubt, therefore, that nitrotartaric acid is a true 
nitric ester in the presence of high conceutiations- 
of mineral acids. 

Preparation and Propertie^i of Nitrotartaric Acid. 

Prepdration.-^To prepare nitrotartaric acid, it 
not necessary to use fuming nitric acid, as Des- 
saignes did. To 70 cc. of nitric acid (sp. gr. r42) 
add so grm. of powdered tartaric acid, and stir 
well. Add concentrated sulphuric acid (sp. gr. 
rSj) slowly, with stirring, until the tartaric acid 
is all dissolved ; then add the balance of the sul- j 
phuric acid (200 to 250 cc. in. all). AUow the mix - 1 
ture to cool slowly fm several hours. Filter olf 
the excess of sulphuric add on a Btichner funnel ; 1 
ordinary filter paper may be used if moderate 
Ruction is applied. Stir the cake with about 300 
grm. of ice until all lumps are broken up, and ■ 
extract the mixture with ether. Wash the ether 
twice with small amounts of ice-water, and dry 
with calcium chloride for a short time. Evapor- 
ate the ether carefully on the water-bath until 
brown fumes begin to appear, then allow to 
evaporate spontaneously. The product, except 
for traces of water and dihydroxy-tartaric acid, is 
practically pure nitrotartaric acid. The yield is 
from 60 to 75 per cent 

Properties. — Nitrotartaric acid crystallises in 
soft, white needles, which interlace much like 
those of asbestos. It is quite soluble in water, 
very soluble in alcohol, amyl alcohol, acetone, 
ether; insoluble in ligroin, benzene, &c. If care- 
fully dehydrated over lime or caustic soda, it 
seems to keep indefinitely in a perfectly dr>' atmo- 
sphere, As ordinarily obtained, it smells of 
nitrous acid; the perfectly dry acid is odourless. 
For analysis, the acid was dissolved in dry ether, 
and precipitated^ by benzene. 

Alkalies act violently on nitrotartaric acid, even 
in very dilute or in alcoholic solution, with prac- 
tically complete decomposition, as discussed be- 
low. It is, however, unexpectedly stable towards 
pdium carbonate, ahd on titration shows itself to 
be a dibasic acid. 

Subs.^ 0*2949: o- 1 N sodium carbonate sol., 
24*3 cd (Equivalent to ioo*fi per cent nitrotartaric 
acid). ^ ^ j 

Working^ ft o'", a perfectly sharp end-point b 1 
obtained with methyl orange as indicator. i 


UtttUlCML 

Mays, 

The strength of nUiotartaric acid is manifested 
by its action on calcium chloride when the latter is 
used to dry its ethereal solution. After several 
hours, the calcium chloride lumps are covered 
with a feathery mass, which after two days fills 
the entire liquid ; the ether then contains nitro.syl 
chloride. The solid consists of a mixture of the 
calcium salts of nitrotartaric and dihydroxy- 
tartaric acids. 

On careful evaporation of a concentrated solu- 
tion of iritiotartaric acid in sodium carbonate, a 
solid sodium salt can be obtained, though in im- 
pure form. This salt, although extremely soluble, 
is not deliquescent.^ It seems to show an iibnormal 
behaviour, which is still under investigation. 

Moist nitrotartaric acid decomposes with some 
violence well below 100" ; the perfectly diy .sub- 
stance, however, was heated in xylene to the boil- 
ing point of the latter, without change. 

When solutions of nitrotartaric acid in water are 
allow'ed to stand, they soon turn blue, gases are 
given off, and much heat is evolved. If the tem- 
perature is kept under control by water cooling, 
the process lasts from one to two days. The gases 
consist at first of nitrogen trioxide ; latci 
they become colourless, and are composed 
o-f nitric oxide and caibon dioxide. The 
solution contains chiefly dihydroxy-tartaric acid, 
which may be precipitated by addition 01 
sodium acetate, or carbonate as the very in- 
soluble sodium dihydroxy-tartrate; it also con- 
tains tartronic and oxalic acids. The yield of 
sodium dihydruxy-tartrate is from 75 to 80 per 
cent. 

Little or lu) tartaric acid is formed ; the highest 
amount found in many different hyitolf%u 
1*3 per cent of the possible yield; in a few 
Us presence could not be shown by the Golden- 
berg method. 

The formation of tartronic acid during the 
above-described hydrolysis is due to the decom- 
position of dihydroxy-tartaric acid, as shown pre- 
viously by Kekule and by Gruber; the latter acid 
loses carbon dioxide and passes (wer into tartronic 
acid. The mechanism of this reaction is not 
clear, and it is now being investigated. The pro- 
duction of oxalic acid is due to a side reaction^ 
viz., the oxidation of tartronic acid by nitrous 
acid, 

C,HA*4-4HN03=^ C,HA+C0a+3H,0-h4N0. 
This was proved by slowly adding a solution of 
tartronic acid to sodium nitrite; a copious precipu 
tate of sodium oxalate was obtained. Tartaric 
and dihydroxy-tartaric acids, treated similarly, 
gave no oxalic acid whatever. 

The Action of Alkalies on Nitrotartaric Acid, , 

When nitrotartaric acid is neutralised with 
caustic soda, the action is accompanied by the 
immediate evolution of considerable heat, • 
gardless of dilution within ordinary limits, coolmg 
to — 5®, or use of alcohol as a solvent, tte 
results are obtained, viz., productloan of podium 
nitrite in practically quantitative yield, 'and com- 
plete decomposition of the dihydroxy-tartaric acid. 
It is not necessary to give the experimental details 
of the numerous experiiinents that were made. 
Entirely similar results were noted when calcium 
hydroxide was employed. ‘ In place of dihydroxy- 
tartaric add are found tartronic acid, as already 
noted by SkinnQf (Skinner, /. Chem. Soc.^ 1898, 








;2i4 


“heat t)£ activation” oi ‘^critical inuoment” of the 
reacting molecule, according to the method of 
Trautz, Le^vl&, and others, this calculation is not 
possible in the case of solids for various physical 
reasons connected ivith the piopagation of the re- 
action from the surface into the interior. These 
are discussed in detail. On the other hand, the 
lowering of tlie velocity of decomposition of potas- 
sium permanganate when brought into solid solu- 
tion in potassium perchloiatc, indicates that the 
heat of activation of the permanganate is in- 
creased by the physical process of solid mixture. 
B\ equating this assumed increase in the heat of 
activation to the observed heat of solid mixture 
(obtained from the calorimetric measurements of 
Sommcrfeld), approximate quantitative agreement 
is found between the observed rates of decom- 
puoition of potassium peimanganate in various 
solid solutio-ns and those calculated. 

^'Adsorftion of Gas by Charcoal^ Silicdj and 
other SubUancoiA By Pi of. 11. Briggh. 

The method of dctei mining the adsorptive capa- 
city of a substance at liquid tempeiature is des- 
ciibed, and lesults are given of the capacity and 
manner of preparation or occuircnce of 36 sub- 
stances. 

Charcoal and silica aie compared, especially as 
lelates to nitrogen and hvdiogen, to illustrate pre- 
ferential adsorption, and the influence of chemical 
composition on gas adsoiption is discussed. 

The effect ot the compressibility of the initial 
layer, when the density of an adsorbent is deter- 
mined by the immersion method, is consideied 
An evaluation is made of [a) the volume of solid 
matter, (b) that of the interstitial space between 
the granules, and (c) that of the internal gaseous 
space for silica and cocoanut charcoal. 

The density of the nitrog^en adsorbed at — igo" 
C. by silica and charcoal is calculated from ex 
perimental data. From these lesuJts it becomes 
possible roughly to estimate the error affecting the 
density of charcoal ascertained from water* 
immersion, and it is concluded that that method 
gave a result, for the wiitex's cocoanut charcoal, 
which was at least 0*55 too high. The conditions 
affecting adsorption at low’ and high saturation arc 
set forth. 

The presence of capillaiies is not sufficient to 
account for adsorption. A high-capacity silica 
may be deactivated, and in the inactive state it 
remains porous. Graphite, which has no pores, 
adsorbs gas at —190'' C. The evidence leads to 
the conclusion that deactivated silica is vitreous. 
It is argued that a vitreous solid, like a crystal, is 
a polymer, i.e.^ a complete atomic linkage. The 
importance of distinguishing between the coarsei 
capillaries or canals and the finer interpolymeral 
openings of an adsorbent is emphasised. 

Activation is considered to be the effect of dis 
rupting the solid polymers, and the means of 
accomplishing the partial depolymerisation of 
charcoal and silica is described. 

^^The Proferties and Molecular Sirtteture of 

Thin Films of Palmitic Acid on Water P Part I. 

By N. K. Adam. 

The behaviour ot films of palmitic acid on watei 
has been investigated in detail to test Langmuir’s 
views {1917). These have been confirmed and 
extended. 

Films on water exhibit a resistance to lateral 
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compression wliicli is nut shown by a clean surface 
(»f water. Resistance commences at 22x10-^® sq. 
cm. per molecule (foi palmitic acid), and in- 
< reases linearly with fuitbcr icdiiction of aiea 
iiitil the force is sufficient to buckle the film. 
Collapse then sets in, and no fiuther incieasc of 
force is rcgulaily found necessaiy to diminish the 
area to zero. A metastable condition^-of inci eased 
lesistance to collapse may however occur. 

The compression curves point to the resistance 
being due to repulsion between the insoluble mole- 
cules, arranged in a single layer on the surface, 
each molecule being attiacted to the water by its 
carboxyl group. The view that films two mole- 
cules thick exist appears to be ctmte lucconcilablc 
with the curves observed. When collapse ol the 
unimolccular film occurs, the molecules cje<'ted 
arc seen to aggregate into fine lines many mole- 
cules in thickness 

The observed aieas agree with the dimensions 
calculated from molecular volume studies, and the 
compiessibility of the films is of the same order 
as for liquids in bulk. 

The effect of aciditv oi the watci on tlic hlms 
may be accounted Jor by the gicatei attraction of 
alkaline solutions than acid carboxyl groups. 
The observations indicate that the molecules arc 
immersed further in alkaline than in acid solu- 
tions, even when alkaliiuty is insufficient to cause 
complete solution. 

In still moie alkaline solutions inuneision be- 
comes complete, and the molecules iirobably pass 
from the film into aggregates, having the hydro- 
carbon chains in the centre and the carboxyl 
groups on the suiface. This stiucture is sug- 
gested for the “ionic micelle” of soap solutipns. 

the Absorftion of Light by Electrically 
Luminescent Mercury VapourP By E. P. Mkt- 
CALFE and B. Vknkatksachar. 

1. Experiments arc described in which nun- 
cury vapour at low' pressuics, rciidcicd luminous 
by the passage of small electric currents, is found 
to exert poweiful selective absorption. 

2. A list of wave-lengths found to be absorbed 
is given, 

3. Photometi ic: observatioiia arc recorded on 
the absorption and emission of 5401 A. U. by 
columns of mercury vapour of different lengths 
and carrying different sui rents. 

4. The relation between the ratio (emission/ 
absorption) and the current density is found to be 
linear. 

$. The lines 54^1 A-E. and 4359 A.U. have 
been reversed so as to appear dark linc.s on the 
white-light spectrum of a caibon arc and of the 
sun. 

6. The reversal of 54fG A.U. has been studied 
in detail with a Fabry and Peiot etalon and with 
an Echelon spectroscope. 


NOTICES OF BOOKS. 

•‘Physical and Chemical Constants and Some 
Mathematical Functions.” By G. W. C. Kaye 
and T. H. Laby. Fourth Edition. London : 
Longmans, Green j & Co., Paternoster Row. 
Price 14s, net 

We are glad to find that in spite of the difficul- 
ties of production and of the numerous duties of 
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national importance that have fallen to the lot ot 
at least one of the authors, it has been possible to- 
revise and issue a fourth edition of this valuable 
work. The matter has been brought up to date. 
The chemical data has been recalculated on the 
basis of the International system of atomic 
weights. Among the additions to the book are 
tables of atomic numbers, X-ray wave-lengths, 
and terrestrial magnetic constants. The tables 
will naturally find a place in every laboratory. 
The si2e of the book is only slightly in excess of 
the last edition, and the design and binding is the 
same. 


BOOKS RECEIVED. 


‘‘The Combined Chemical Dictionary.’’ Compiled 
and Edited by the Editorial * Staff of the 
Chemical Engineering Catalogue. First 
Edition, iqiq. 487 Pages and Index. The 
Chemical Catalog Co., i, Madison Avenue, 
New York. 


NOTES. 

Physico-Chemical Problems Relating to the 
Soil. — The Faraday Society is organising a 
General Discussion on the above subject to take 
place during the afternoon and evening of May 
31 next. The meeting will be held in the Rooms 
of the Chemical Society, London, and it will be 
presided over by Sir A Daniel Hall, 

F.R.S., Chief Scientific Adviser to the Board ot 
Agriculture. The Discussion will be opened bv 
Dr. E. J. Russell, F.R.S., Director of the_ Rot- 
hamsted Experimental Station, who will give a 
general survey of the subject. A senes of papers 
dealing^ with soil mo-istuie, organic constituents, 
adsorption, and colloidal phenomena will then be 
put forward as a basis for discussion. It is ex- 
pected that among those present will be Prof. Sven 
Oden, of the University of Upsala. Further par- 
ticulars of the meeting may be obtained from the 
Secretary of the Faraday Society, lo, Essex Street, 
London, W.C.2. 


“Ammonia and the Nitrides, with Special Refer- 
ence to Their Synthesis.” By Edward 
Maxted, Ph.D., B.Sc., F.C.S. With i6 Illus- 
trations. lv.-{-ii6 Pages. London: J & A. 
Churchill. Price 7s. 6d. net. 

“Critical M^roscopy ; How to get the best out of 
the Microscope.” By Alfred C. Coles, M.D. 
D.Sc. VYith 18 Illustrations. iv.-{-io4 Pages! 
London : J. & A. Chui chill. Price 7s. 6d. net. 

“Inorganic Chemistry.” By E. 1 . Lewis, M.A.^ 
D Sc. With Intiodiictory Note by Sir Richard 
rhrelfall, K.C.B. xv.-f432 Pages. Cam- 
bridge University Press. Price gs. net. 

Pharmacopana of Martindale and 
Westcott.” Revised by \\\ Harrison Mar- 
TiNDALK, Ph.D., F.C.S. and W. Wynn West- 
COTT, D.P.H. 17th Edition, Volume 11 . 
xx.+(j88 Pages. London : H. K. Lewis & Co., 
Ltd. Price 17s. 6d. net. 


Recent Practice in the Use of Self-Contained 
Breathing Apparatus.” By Lieut, Rex C. 
Smart, ]\LC. R.E. xiii -1-243 Pages. London : 
Charles Grinin & Co. Price iss. net. 
“Anthracene and Anthraquinone.” By E DE 
Bajrry Barnett, B.Sc., F.I.C. xi.+ats Pages' 
London : Bailhere, Tindall, & Cox. Price 
27s. 6d. net. 


PAPERS RECEIVED. 

“The Behaviour of Substances near the Absolute 
William Rd. Fielding, M.A. 

M.Sc., Vict. ’ 

From the specific heats of lead, copper, 
at very low temperatures the author has calculated 
tneir degrees of polymerisation at the absolute 
minimum values he, obtains are: Pb,, 
l-naUfao, and Cuiao. I'he poJymericular weights 
at the absolute zero are then plotted against abso- 
lute melting points, and by interpolation he ob- 
tains values for many other substances. ^ (the 
degree of polymerisation) for the. elements has ^ 
periodic value. Received April ife, 1921. 


RtoYAL Institution — At the Annual Meeting of 
the Members of the Roval Institution, held on the 
2nd inst., Sir James Crichton-Browne, Treasurer 
and yice-President, in the Chair, the Report of 
i the Visitors for the year 1920, testifying to the con- 
I tinued prosperity and efficient management of the 
Institution, was read. The number of new Mem- 
bers elected during the year was 54, a slight de- 
crease on the previous year. 63 Day Lectures and 
If) Evening Discourses were delivered, and the 
books and pamphlets presented to the Library 
amounted to 163, and the number purchased by 
the Managers 465, making a total of 628 volumes 
added to the Library during the year. Thanks 
were voted lo the President, Treasurer, and Secre- 
tary, to the Committees of Managers and Visitors, 
and the Professors, for their valuable services 
during the past year. The following W’ere unani- 
mously elected as Officers for the ensuing yeai : 
President — The* Duke of Northumberland; 
Treasurer Sii James Crichton-Browme ; Secre- 
tary — Colonel E. H. Grove-Hilis; Managers — The 
Rt. Hon. Lord Blyth, Horace T. Browm, J. H. 
Balfour Browne, John M. Bruce, Sir James J. 
Dobbie, Perc> K. Frankland, Alexander H. 
Goschen, The Rt. Hon. Earl Iveagh, H. R. 
Kempe, Sir Ernest Moon, Alfred W. Porter, Sir 
James Reid, Bart., Sir David Salomons, Bart, 
Sir Alfred Y'arrow, Bart., The Rt. Hon. Sir Robert 
Younger. Visitors — James H. Batty, Alfred 

Carpmael, Frank Clowes, Edward Dent, Lieut.- 
Col. Henry E, Gaulter, George H. Griffin, W. K. 
Lawson Johnston, John R. Leeson, F. K. McLean, 
Edwaid M. Nicholls, Hugh M. Ross, Joseph 
Shaw, Sidney Skinner, Thomas H. Sowerby, 
William Stone. 

The Official Handbook of the British Associa- 
tion of Tradej^and Technical Journals has just 
been issued. The publications represented in the 
Membership of the Association number some 200, 
and embrace practically -eyen' class of industry. 
We note that engineering mechanics and electrical 
engineering exceed in number the publications of 
most of the other profes^ipns. The Handbook is 
convenient in Size, and will certainly be useful^ ^ 
it gives ail to date of issue, size 

price, advertis^enti^4w,‘and particulalrs of all 
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the journals mentioned. The price of the Hand- 
book is IS., and the offices, Sicilian House, South- 
ampton Row, London, W.C. i. 

The Printing Trades' Exhibition at the Ro-yal 
Agricultural Piall will continue open until May 
14 " The Exhibition is very complete, one feature 
being a two day^s Discussion, at which a long list 
of subjects is arranged. We note with pleasure 
no ^‘ex-enemy goods” are permitted. Tickets can 
be obtained at the offices, 30 , Fleet Street, E.C. 


NOTJICES. 

EDITORIAL.— All Literary communications and Books, Chemical 
Apparatus, .vc., for review or notice to be addressed to the 
' Editor. 

SUBSCRIPTIONS) jSI 128. per annum, payable in advance, should 
be addressed to the Managfr. 

BACK NUMBERS and VOLUMES can be purchased on appHcatio n 
to he Manager, 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 



This List is specially compiled for the Cheantcal News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.a., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 


Latest Patent Applicaiions. 

10792— Mirat, G.— Manufacture of sulphuric acid. April 13th. 
11039— Peace, E. L.— Manufacture of compounds of ammonia, etc. 
April 15 th. 

10613— Piauson, H.— Manufacture and treatment of viscose. 

April 13th. # 

10771— Pistor, J.— Manufacture of, stable compounds containing 
oxygen and calcium. April 13th. 

10792— Piperaut, P,— Manufacture ot sulphuric acid. April 13th. 
Specifications published this Wuh. 


161244— Douglast R, P.— Method of means for use in the manufac- 
ture of ammonia. 

16x233— Paris, A. J.— process of cleaning and refining petroleum 
and analogous distillates. 

Inlays'- KftUy, A,— Manufacture of acid sodium pyrophostes. 

161310— Wiloman H. G.— Process for the extr^jction of alumina and 
its salts from clay. 


Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of 1/^ each. 


MEETINGS FOR THE WEEK. 


ADYERTISEMENTS. 

All communications fot this Department should he ad- 
dressed to— 

T. G. SCOTT 8c SON, 

63, Ludgate Hill, London, E.C.4. 


UNIVERSITY COLLEGE OF SOUTH 
WALES AND MONMOUTHSHIRE. 

COLEG PRIFATIIROFAOL DEHEUDIR 
CYMRU A MYNWY, 


'T'HE Council of the College invites applica- 

■L tions for the following posts, viz 


1, Professor of Chemistry. Salary ^£800 per annum. 

9. >, ,, English Language and Literature. 

Salaiy Jt'BOO per annum, 

8. Assistant Lectxirer in the Departments for the training of 
Teachers (Temporary for 19 months from October 1st, 199i) . Salary 
“360per annum. , , , , , 

Further particulars may be obtained from the undersigned, by 
whom 100 copies ot applications and testimon als, (except for the 
last-named post for which three copies, which need not b» printed, 
will suffice), must be received on or before Maj 

' Rt 

University College. Cardiff. 

April 99nd, 1991. 


UNIVERSITY OF LONDON. 


Monday, May 9. 

Royal Institution, 5. (General Meeting). 

Faraday Society, 8. “The Problem of the Fuel Cell" by E. K. 
Iqdeat and U > R. Evans. " The Solubility ot Small Particles 
and the Stability of Colloids " by L. P Knapp. " Note on a 
Formula Expressing the Variation of Surface Tension with 
Temperature" by Prof. F. G. Donnan. Studies m 
Capillarityr-Continuation of Discussion held at Manchester 

' on the following papers : Part I— " Some General Considera- 

tions and a Discussion of the Methods of Measuring Inter- 
facial Tensions " by Allan Ferguson. Part 11— " A Modifica- 
tion of the Capillary Tube Method for the Measurement of 
Surface Tenrions" by Allan Ferguson and P. E. Dowsoa. 

Tuesday^ May 10. 

Royal Institution, 3. "Darwin’s Thejry of Man’s Origin " by Prof. 
A. Keith. 

Institution of Petroleum Technologists, 5.30. 

Wednesday, May n. 

Royal Society of Arts, 4.30. 

Thursday, May 12, 

Royal Society, 4.30. " The Problem of Finite Focal Depth revealed 
by Seismometers " by O W Walker. " A Liquid Oxygen 
Vapourizer " by E, A. Griffiths. " Some Experiments on the 
Catalytic Reduction of Ethylene to Ethane" by Dorothy M, 
Palmer and W. G. Palmer. "The Catalytic Activity of 
Copper" by W. G. Palmer. "The total Heat of Liquid 
Carbonic Acid" by Prof. L F. Jenkin and D. N. Shorthose. 

' *♦ Viscosity and Molecular uimensions of GaseousCyanogen * ’ 

by A, O. Rankine. 

Rojal Institution, 3^ " Psychological Studies— The Appreciation of 
Music " by Dr. C. S. Myers. 

Institute of Chemistry. (At Liverpool). 

Friday, May 23. 

Royal Institution, gw " The Determination of Sex" by Dr. W. 
Bateson. 

Physical Society, 3. 

Saturday, May 14. 

Royal Institution, 3. " Chemical Reaction " by Dr. E. Q, C, Baly. 


A COURSfi of Two Lectures on “THE 

^ METASTABILITY OF MATTER AND ITS BEARING 
ON CHEMISTRY AND PHYSICS,” will be given in English 
by Professor ERNST COHEN, Professor of Chemistry in the 
University of Utrecht, at UNIVERvSITY COLLEGE, Gower Street, 
W.C , at a.80 pm. on TUESDAY, MAY 10th and THURSDAY, 
MAY 19th. The Chair at the first Lecture will be taken by Professor 
F. G. Donnan, C.B.E., F.RS., Professor of Chemistry in the 
University, and at the s© ond Lecture by Dr. George Senter, D.Sc., 
Ph.D., F.LC., Principal of Birkbeck College. The Lectures are 
addressed to atudents of th * University and others interested in the 
subject. ADMISSilON FREE, WITHOUT TICKET. 

EDWIN DELLER, Academic Registrar. 


PATENTS, TRADE MARKS. Handbook 

■L and advice free-B. T. King, British and U. S. Regd. Patent 
Attorney, 146a, Queen Victoria St., Loudon. 86 years reference 


HEM 1ST with Cement Works experience 

wanted for a Cement Factory in healthy part pf India. 
Applicant* should state age, whether married or single, salary 
expected, and should enclose copies of testimonials, ibree years 
agreement with free passage out and home. Box SM, o/o, T. O. 
Scott & Son, 63, Ludgate Hill, London, E.C, 4. < i 

TO BE SOLD IN FRENCH SWITZERLAlSfill* ' 

(In Aigle— opposite the Golf Links). 

CHEMICAL MANUFACTORY. 

With 25 H.P. Turbine, Steam Engine and Boiler, up-tov | 
date Machinery, Apparatus and Laboratory, Furniture, , 
Manufacturing Processes^ Ground about 11,000 
metres. For full particuiars apply to Mr. E, Palpbixii “ 
Place Fusterie'9, Geneva (Switzerland). ‘ ^ ; 
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of the relationship between the value of the heat 
saved per year and the cost of increasing the 
thickness of the crown of the furnace. 

The study of the process of melting and plain- 
ing glass, and investigations bearing on the nature 
of the glass itself, offered a very wide field for 
research. Many facts suggested that glass in the 
solid condition resembled the elastic gels more 
closely than simple liquids. At a discussion at a 
meeting of the F araday Society he had suggested 
that the discovery of Peters and Cragoe, of the 
American Bureau of Standards, of the abnormal 
expansion of glass in the neighbourhood of the 
softening temperature might lead to a parallel in 
the case of gels, the density of which was known 
to be considerably greater than the sum of the 
densities of their constituents. Experiments 
which he and Mr. Taffel had carried out confirmed 
this prediction, and they had embarked upon an 
investigation of the thermal properties of glass, 
hoping that the results might throw light on the 
nature of glass. He referred to other investiga- 
tions bearing on this problem. 

In conclusion, he dealt with functions of the 
scientific man and the practical man in industry, 
and the need for their co-operation in the solution 
of technical problems. 

There followed a paper on ^'^Autoviatic Glass 
Feeding Devices;^ by G. Dowse and E. Meigh, 
M.Sc, This paper was given by Mr. 
Meigh. It was illustrated by lantern slides and by 
a kinematograph film showing the Hartford- 
Fairmont feeder in operation with Lynch 
machines. It gave an informative survey of the 
development of the art of delivering molten glass 
automatically to forming machines. It dealt with 
the various patents chronologically in three main 
steps or periods: (a) up to iqoo; (b) 1900-1914; 
(c) from 1914 onwards. It was stated that during 
the last period of development there had been a 
perfect deluge of patents granted for feeders. 
This sudden rush of invention was due to seveial 
causes. The semi-automatic machines had come 
into use in America, and the increasing shortage 
of boy labour led to the elimination of the transfer 
boy and the development of the “no-boy” machine. 
The gatherer was now the only human element 
left between the furnace and the taker-in, and it 
was a logical step to replace him by mechanism. 
The most advanced method of automatic feeding 
was on the “gob” principle (the “gob” being an 
embryo bottle or jar nicely calculated to suit the 
dimensions of the parison mould). This method 
was being developed to-day for sound physical 
reasons, and experience had already shown that 
gob feeding possessed considerable advantages 
over the cruder flow feeds of various types 
Special reference was made to the Hartford^ 
Fairmont system. In conclusion, it urged for far 
more serious attention to automatic feeding de- 
vices by British glass manufacturers anxious to 
advance the country's interests. It pointed out 
that the adopting of automatic processes converted 
from a small-scale, many-unit, 
skilled craftsman's constant personal triumph over 
miserably poor and inefficient equipment into an 
engineering enterprise of the first magnitude. 
Unfortunately, in Great Britain glass engineering 
problems had been so neglected, and the dearth 
ot glass engineers was so painfully severe that 
could not rise to its opportunities. 
During the war, and since, giant strides had been 


made in the application of science and scientific 
methods to the glass industry, and this had re- 
sulted in the industry being left with a large 
balance of information which it was totally unable 
to digest and utilise commercially, because it was 
deficient in the knowledge of the technique of 
glass manufacture and lacked adequate engineer- 
ing personnel. Sheffield University had provided 
for the industry the chemists and the physicists. 
Let It now take the opportunity in both hands and 
provide the glass engineers, for unless trained 
glass engineers were forthcoming, the introduc- 
tion of automatic glass-making machinery into 
our glassworks could be quite abortive. 

The Third Annual Dinner of the Society was 
held on Wednesday evening, April 20, at the 
Hotel Cecil, London. The President, Dr. M. W. 
Travers, presided. The guests included A. 
Chaston Chapman, F.R.S., President of the Insti- 
tute of Chemistry, Prof. F. J. Cheshire, Imperial 
College ot Science and Technology, Dennis Her- 
bert^ M.P., Wm. Ide, Master of the Glass Sellers' 
Company, and R. S, Whipple, President of the 
Optical Society. 

Following the toast of “The King,” the toast of 
“The Society of Glass Technology” was proposed 
by Mr. A. Chaston Chapman. In the course of 
his reply Dr. Travers referred to the legislation 
recently proposed by the Government for the pro- 
tection of the scientific branch of the industry. 
The view that the tariffs suggested were unsuitable 
and inadequate was held not only by the manu- 
facturers, but also by the scientific and industrial 
worlds dependent upun^ supplies of chemical 
glassware. The only assistance which would en- 
able this particular branch of the industry to con- 
tinue was the total prohibition of all chemical 
glassware except under licence. It was a matter 
of great regret that electric lamp bulbs had not 
been piovided for in the bill. The war had 
shown how extremely important these articles 
were, and it was felt strongly that the Govern- 
ment should be made to realise the importmicc 
of the questio-n. Such assistance should be pro- 
vided as was necessaiy to enable the manufac- 
ture of electric lamp bulbs to be continued in this 
country. 

Mr. Dennis Herbert, M.P., submitted the toast 
of “The Glass Industry.” It was one of the in- 
dustries that saved the country during the war; 
but it was now suffering from the unfair compe- 
tition to which it was now subjected owing to the 
depreciation of the exchanges in Germany and 
Austria. He trusted that the assistance proiiosecl 
by the Government would be of some use in alle- 
viating the hardship of competition witho-ut 
opposing the economic laws loo directly. The 
production of chemical and scientific glassware 
was a key industry. It should therefore be pro- 
tected by absolutely forbidding the entry into this 
country of former enemy goods which would tend 
to destro-y the maintenance and progress of the 
industry. 

On the following day a party of some 50 mem- 
bers of the Society travelled to Green ford to in^f 
spect the newly-erected works of Messrs. Rock- 
ware Glass Syndicate, Ltd. Here they were met 
by Mr. J. H. 0 . Bunge and Mr. Eld. Meigh. A 
most instructive time was spent, of special interest 
being the Hartford-Fairmont feeders operating in 
conjunction with Lynch machines. 
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ATOMIC ENERGY AND RADIATION 
FROM THE SUN. 

By F. H. LORING. 

The enormous output of radiant energy from the 
sun has been attributed to two causes, viz: (i) 
contraction of its mass, and (2) radioactive dis- 
integration of Its atoms. In the Encyclofadia 
Britannica^ 191 U P- 88, a brief mention is made 
of these two causes of heat in the sun. It is stated 
that a source of heat which seems plausible “is 
rearrangement of the structure of the elements’ 
atoms.” So far as the present wTiter is aware, no 
connection between these two sources of energy 
has been suggested. 

It is of course known that the heavier atoms of 
the Periodic Table exhibit radioactive properties; 
and in the case of the sun its mass is so great (see 
Table 1 .) that contraction would account for the 
emission of considerable radiant energy ; but, m 
the latter case this energy has not been supposed 
to be sufficient to account for the enormous output 
of energy known to take place. 

Looking at these matters from a general point 
of view, It would seem that in some way pressure 
due to largeness of 7 nass might be a factor in both 
phenomena. 

If one considers the atomic edifice to have a 
fixity of structure and a cohesive property which 
arises from the atomic electrons, positive and 
negative, so that the rigidity of matter and the 
definite atomic domains (Bragg) are due to the 
operation of electric and magnetic forces, as partly 
suggested by the Lewis-Langmuir atomic theory 
and the work and views of other physicists, then 
It becomes evident that these forces play a 
prominent part in giving to various atomic con- 
hgurations or aggregations the observed physical 
properties of matter. 

It is possible to show that these forces which 
give rise to both mechanically resistant and co- 
hesive properties of matter are primarily due to 
ivhat might be termed the kinetic state of the 
atomic constituents ; in particular, to the negative 
electrons, which are presumably in rapid move- 
ment. Should the active systems resembling 
planetary systems be sufficiently disturbed, an out- 
burst of energy from the atom might lesult; and, 
in the case of the radio-atoms, the energy of these 
systems appears as ejected particles, consisting of 
helium nuclei and negative electrons. If these 
ejected particles strike the atoms or molecules of 
a gas (m reality they probably pass more or less 
through them) ionisation results. M. N. Saha 
has studied the sun’s spectrum from the point of 
view of ionisation potentials obtained in the 
laboratory. In the Philosofhical Magasine^ 1920, 
xl., pp. 472 and 809, Saha points out that the 
variations, as partly indicated by Table IL, may 
be explained on the basis of a varying response 
of the elements to stimulation modified by the in- 
ternal structure of the atom. All the known ele- 
ments are supposed to be present ia the sun, but 
they vary in response to ionising stimulation due 
to temperature. The enhanced lines are thought 
to be due to ionised atoms which are known to 
respond in a varying manner according to their 
ionisation potentials. Taking into account various 
ionisation potentials associated with different ele- 
ments at different temperatures and pressures, cal- 


culations have been made^which agree fairly well 
with the observed peculiarities. Referring to 
Table IL, the data contained in columns {e) and 
(/) ivere not, of course, considered by Saha, as 
they are of very recent date. 

Now in the case of the radio-atoms, largeness 
of mass appeals to be associated with the pheno- 
menon of radioactivity. It seems possible, there- 
fore, that when the contraction due to mass is 
sufficiently great, the mechanisms of the atoms 
which give to them their “atomic domains” may 
cease to perform their normal fimctions; that is, 
cease in keeping the atomic constituents in their 
stable positions, and consequently, the systems 
may break up, and the energy of the com- 
ponent parts may appear as radiation. This is in 
general agreement with Bohr’s theory, since in 
this case radiation is supposed to take place wffien 
the electron falls towards the nuclear part of the 
atom 

Therefore, the cause of radiant energy emission 
from the sun may be due primarily to the 'pressure 
within its more central massj and the atoms 
suffering such a pressure may break up, or disin- 
tegrate; the internal kinetic energy of the atom 
being liberated as in radio-active phenomena. In 
fact, one could imagine the sun to be, as it were, 
a vast radioactive atom whose mass is so great 
that the forces of its ultimate parts become dis- 
turbed ; and a radioactive process, the same as 
that of a disintegrating atom of radium, for ex- 
ample, takes place, thus giving rise to an enor- 
mous output of radiant energy. The solar atmos- 
phere, or envelope, may be bombarded from 
within by nuclear particles and electrons from dis- 
integrating atoms, which action produces gaseous 
ionisation. 

If this idea be true, then it should be possible 
to induce radioactivity by subjecting ^ atoms to 
enormous pressure. To produce artificially suffi- 
cient general pressure to cause atoms to disin- 
tegrate may not be physically possible. Sir E. 
Rutherford’s experiments (see Chemical News, 
1921, cxxii., i6q) howevey, seem to be in harmony 
with this idea; for Rutherford has succeeded in 
breaking up the nitrogen atom by bombarding it 
with high-speed -particles. In the case of alu- 
minium, the bombardment gave rise to the libera- 
tion of H-atoms, w’hich had an energy 25 per cent 
greater than that of the incident a-particle. These 
experiments seem suggestive in this connection, 
for here is a case of an ordinary atom being arti- 
ficially disintegrated by the blow or instantaneous 
pressure of the -particle ejected from radium C. 

It might seem possible to trace a connection be- 
tween the spectrum lines of the elements in the 
sun and the susceptibility of such elements to dis- 
integration by the above method of Rutherford. 
The absence, for instance, of certain lines might 
be due to the elements having already been dis- 
integrated by the radioactive change induced by 
the pressure leaving more of the less-breakable 
ones in evidence. This observation is supported 
by the absence of the spectrum of nitrogen, as this 
element is more easily broken up than some 
others. It is of possible interest to compare the 
data concerning certain elements in the sun and 
others apparently absent, as given by Saha (loc, 
cit,)^ with the behaviour of these elements bom- 
barded with o-particles^ (Rutherford, loc. cU.), 
From Table 11 . it will be seen that there is just 
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such an agreement as one should expect, save for 
two or three exceptions, but any element pi*esent 
in the sun in great abundance might, obviously, 
account for discrepancies of the kind in question. 
Solar fhysics and the structure of the atom are 
really closely allied subjects, and great advances 
may be anticipated in these departments in the 
near future. 

Table 1 . 

Mass of the sun taking the earth as 

unity 329, sgo 

Temperature of the sun’s photo- 
sphere 7500® Abs. 

Temperature of the sun’s chromo- 
sphere 6000° Abs 

Mean mass of the radio-atoms 

(H = roo) 222 

Mean mass of the radio-atoms tak- 
ing an electron as unity about ... 404,000 

Table II, 

Elements 
whose 
atoms do 
not appear 
to be dism- 
te^<^ated 

Elements Elements by the 
which whose a -particle 

appear not atoms give bombard- 
Elements to have long-range ment , or 
Elements giving been in- H-atoms which do 

" of faint lines vestigated under bom- not give 
Elements doubtful in the as regards bardment long-range 

not existence Fraun- their with H-atoms 

found in in the hofer presence a-particles on bom- 
the sun. sun. spectrum, m the sun. from RaC. bardment. 


(ft) 


( 6 ) 


(c) 


id) 


( 6 ) 


if) 


B 

Ne 

K 

F 

B 

He 

N 

Ar 

Cu 

Cl 

N 

Li 

P 

Kr 

Zn 

Br 

F 

Be 

S 

'Xe 

Ge 

I 

Na 

C 

As 

Ru 

Ag 

Te 

A 1 

0 

Se 

Ta 

Cd 

&c. 

P 

Mg 

Rb 

W 

Sn 



Si 

Sb 

Os 

Pb 

Ionised 
atoms of 

Other 

S 

Cs 

Pr 

Ir 

Pt 


the high- 
level 

elements 
known to 

Cl 

K 


chromo- 

exist m 

T 1 

Ra 


sphere. 

the sun. 

Ca 

Bi 

Th 


<«) 

ih) 

Ti 


U 


Ca 

He 

Mn 




Sc 

0 

Fe 




Ti 

Na 

Cu 




Fe 

Mg 

Sn 




Sr 

&c. 

Au 




Ba 





Summary. 




Saha’s papers on ionisation in the sun ajfford 
some data as to the elements present therein, 
which together with (i) Rutherford’s experiments 
in breaking up atoms by bombarding them with 
a-particles from RaC, and (2) the well-known fact 
that the radio-elements comprise atoms of greatest 
mass, and (3) the enormous mass of the sun, seem 
to suggest that the contraction of the sun’s central 
mass forces atomic nuclei so close together that 
the constituents of atoms in rapid movement come 
into conflict, and an unstable state is impressed 
on them whereby radioactive disintegration takes 
place. Such a process should give rise to the 
bombardment of atoms in the envelope of the 
sun,^ and ionisation with radiation should ensue. 
Similarly, in the case of the radio-elements, their 


large mass may give rise to instability. A Table 
is prepared which shows that those elements from . 
which Rutherford has obtained long-range H- 
atoms generally correspond to those elements 
not present in the sun; and, according to this 
hyiiothesis, they are the more disintegrable ones 
and they have in consequence been reduced in 
quantity by the above action, so that those re- 
maining are the more resistant, except in one or 
two cases, which could be explained on the 
assumption that the elements in question are in 
greater abundance. Conversely, those elements 
the atoms of which seem to resist disintegration 
are more abundant in the sun. Solar physics and 
the structure of the atom are allied subjects, and 
great advances may be expected in these two im- 
portant departments of science. 


NOTE ON THE PREPARATION OF 
CHLORACETYL CHLORIDE. 

By E. PE BPdk’RY BARNETT, B.Sc., F.I.C. 

CHLORACETYL chloride can be prepared by the 
chlorination of acetyl chloride (Jazukowitsch, 
Zeit. /. Chem.j 1868, 234; Wurtz, Annales de 
Chiniie (3), xHx,, 60), but the product obtained by 
this means almost always contains higher chlorin- 
ated substances such as dichloracetyl chloride. It 
can also be obtained by treating chloracetic acid 
at 100° C. with phosphorus trichloride, but the 
reaction is a violent one, and it is extremely diffi- 
cult to obtain a product which is free ftom phos- 
phorus. For this reason, Frankland and Patter- 
son (Trausn ( hem. Soc,, Ixxix., 190) preferred to 
prepare the substance by treating a mixture of 
chloracetic acid and phosphorus penloxide with 
anhydrous hydrochloric acid^ gas at 200° C,, a 
process which has obvious disadvantages for use 
in the laboratory. 

It has been shown by Heumann and Kdchlin 

xvi., 1627) that in many cases carboxylic 
acids are readily converted into their chlorides by 
the action of tluonyl chloride, and it has now* been 
found that the action of thionyl chloride on chloi^ 
acetic acid affords a very convenient method for 
the preparation of chloracetyl chloride. In pre 
paring acid chlorides by means of thionyl chloride, 
Heumann and Kdchlin used excess of thionyl 
chloride, as owing to its low boiling point (78® C.) 
it was easy to remove excess by distillation. 
Chloracetyl chlaride^ however, has a compara 
tively low boiling-point, so that it is preferable to* 
choose conditions such that the product still con- 
tains some unchanged chloracetic acid. Chi or 
acetic acid boils at 190®, and there is no difficulty 
in separating it from chloracetyl chloride by dis 
tillation. 

The following method was found to give excel- 
lent results, 95 grms. of chloracetic acid and 130 
grms. of thionyl chloride were placed in a flask 
provided with a reflux condenser and heated 
gently on the water-bath for tw'o hours. Hydro 
chloric acid and sulphur dioxide were evolved, 
and the heating was so regulated that the evolu- 
tion of gas was never very rapid. The end of the 
condenser was attached to a calcium chloride tube 
so as to prevent the absorption of atmospheric" 
moisture. At the end of two ho-urs the evolution 
of gas was very slow, and the contents of the 
flask were then boiled briskly over the flame until 
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it completely ceased, which was usually found to 
be the case at the end of about half-an-hour. The 
resulting liquid was then distilled and the frac- 
tion boiling at loo-iio’^ C. collected. This 
weighed S5-90 grms. The residue in the flask 
weighed 20-25 gnns.^ and consisted chiefly of un- 
changed chloracetic acid which crystallised on 
cooling. It was used together with more chlor- 
acetic acid for the preparation of further quanti- 
ties of chloracetyl chloride, and by doing this, the 
total yield of chloracetyl chloride was found to 
reach 95 per cent of that theoretically possible. 

In the literature (Beilstein, “Handbuch der 
organ. Chemie,” 4th Ed., vol. iii., p. 199) the boil- 
ing point of chloracetyl chloride is given as ‘‘about 
105° This figure seems to be a little too low 
as 200 grms. of chloracetyl chloride prepared by 
the above method when distilled with a Young^ 
8-pear column passed over almost completely at 
io8-iio® C. at 764 mm. 

In the above preparation, technical chloracetic 
acid was used which was first purified by distilla- 
tion and was found to boil constantly at 190° C. 
The crude product was yellow in colour, but the 
distilled acid was snow white. Technical thionyl 
chloride^ was also employed. It was purified by 
distillation with a Young's 12-pear column, and 
under these conditions passed over at 75-78® C. 


THE PRESENT POSITION OF CHEMISTRY 
AND CHEMISTS.* 

By Prof. N. T. M. WILSMORE. 
fContmued from p. an). 

It is often contended, however, that the expense 
of a research department can be dispensed with, 
on the ground that a purely business and non- 
technical management can always call in expert 
knowledge when it needs it ; but this is apt to be 
a sort of fooFs paradise. In the first place, the 
purely business management may not know when 
expert advice is needed. In the second place, as 
I once ventured to point out to a gathering of 
business men, the wise choice of experts itself re- 
quires a certain amount of expert knowledge. In 
the estimation of the average layman, the claims 
of the real expert are apt to compare unfavourably 
with those of the quack, because the expert, 
having a reputation to lose, is unable to promise 
so much. Hence the quack will probably get the 
job. Instances where something like this has 
happened in connection, for example, with State 
enterprises, will probably be familiar to most of 
us. 

The claim is still too often made, and received 
with approval, either explicitly or by implication, 
that the man who is ignorant of scientific or tech- 
nical matters is for that reason specially fitted to 
take what is called a “broad view" of them, and 
therefore to control them. The view he takes will 
be “broad” enough, but at the same time, it will 
be found to be shallow and inaccurate, and the 
control which he exercises is usually pernicious. 
It may be admitted that the ultimate aim of every 
manufacturing business is to make money, and 
that the crucial test of every process used in that 
business is whether or not it will pay. Neverthe- 
less, the experience of the past generation has 
shown rep eatedly and conclusively that when the 

* Presidential Address, delivered before Section B (Chemistry), 
of the Australasian Associatjottfor theadVancem^tof Soi^xtc^at w 
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control of a manufacturing business becomes 
vested solely in the hands of financial men, the 
prosperity of that business is in danger. The suc- 
cessful chemical manufactures have been those in 
which chemists and engineers have had a share 
in the management, whilst those in which the ex- 
clusive control has been captured by finance have 
for the most part gone to the wall. The out- 
standing example is, of course, the history of the 
manufacture of synthetic dyes in Germany and 
Britain respectively. 

The chemist must, however, beware of appear- 
ing to claim that in industrial matters he can 
supersede the business man. The successful con- 
duct of a manufacturing business demarids an in- 
timate knowledge of buying and selling, and of 
finance, which the chemist has seldom had the 
opportvinity or aptitude to acquire. The combina- 
tion in the same individual of high scientific and 
technical attamment with acute business and 
financial capacity, although occasionally met with, 
is too rare to be counted as a normal factor in 
every-day practice. On the other hand, the 
dividing line between chemists and engineers is 
becoming less strongly marked. That growing 
and already important class of experts, the engi- 
neer chemists or chemical engineers, -having a 
working knowledge of both chemistry and engi- 
neering, have shown themselves eminently fitted 
for such tasks as the planning of works and for 
positions of control. But in the nature of things, 
it is not possible for any engineer chemist to have 
a complete mastery of both branches, so that in the 
working out of details, and especially for re- 
search, he will frequently require the help of both 
chemists and engineers. Hence for the sound 
development of a manufacturing business invol- 
ving chemical processes, we must look to col- 
laboration on more or less equal terms between the 
chemist, the engineer, and the business man. 
Each of these classes should be represented on the 
Board of Directors, or its equivalent. 

With the outbreak of the war came the great 
opportunity for Briti^ chemists to show what they 
could do, and to prove beyond question their in- 
dispensable value to the nation. The way in 
which they rose to this opportunity and the feats 
which they accomplished would, if they had been 
foretold in the previous time of peace, have been 
regarded by chemists themselves as a wild im- 
possibility. In the manufacture of explosives, and 
still more in the development of counter measures, 
both defensive and offensive, against the newer 
methods of warfare introduced by the enemy, the 
chemist held the key- to the position. Chemists 
were required for work which only they could do 
in every section of the war organisation ; with the 
special chemists' corps in the front line, to direct 
anti-gas measures and gas attacks, and, incident- 
ally to identify the various poisonous compounds 
which the enemy sent over; with the R.A.M.C., to 
supervise water supply, etc. ; in the Navy, j:o direct 
the manufat^re and of artificial fog; in th^ 
various munition factories ; in the Government and 
other research laboratories; and in other activi- 
ties too numerous to mention. It would be un- 
true, as well as gro^ly unfair to other workers 
and specially to ouj fighting forces, to claim 
that chemists won the war. But we nave every 
right to claim ^at, Khd it not been for the work 
of the. British cheinists, we should inevitably have 
lost it. ^ 
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There is every indication that unless the League plosives expeit and chemical engineer. When he 
of Nations becomes an effective restraining force, rctuined thither at the close of the war he had 
chemistry will play an even greater part in fiituie pi(jved himself to be one of the greatest organisers 
wars than it has in the one we have just come and men of genius who' had fought in the Allied 
through. This has already been recognised in cause. Whilst he never spared himself, he pos- 
the United States, where the Chemical Warfare scssed in a high degree the gift of winning the 
Service has been organised as an independent oonficlence mid getting the veiy best out of those 
branch of the Army. It would seem therefore, around him It has happened to few men to re- 
that except in wars against savage or semi-savage ceive such whole-heaited loyalty from colleagues 
tribes, the days of the ‘Mashing cavaliy general” and suboidinates, and few have so well de- 

are over, and that he will have to be succeeded by served it. 

one whose training has consisted largely -of chem- It was under Mr. Quinan in the Factories 

istry and engnneering. If both sides are prepared Branch of the Department of Exjjlo-sives Supply 
for It, chemical warfaie does not add so much to that the British chemist found his greatest chance 
the horrors of war as the use of high-explosive to come into his own. Starting fiom small be- 

shell. In 1918, the number of casualties in the ginnings in 1915, the Factories 15 ranch gradualh 

British Aimy from poison, sufficiently sevcie lu extended, until at the close of the war it controlled 
incapacitate a man lor some weeks was unfor- moie than 20 factoiies, producing not only ex- 
tunatcly very large, yet the number of deaths plosives, but also a gioat vaiiely of othei 
theiefrom was estimated not to have exceeded 4 materials, including many of the so-called “poison 
per cent, whilst the percentage of deaths from gases.” Many of these factories were designed 
gunshot wounds was between 20 and 30. The by Mr. Qiunaii and erected under his supervision, 
special infamy committed by the Germans lay in and the management ot all of them was subject to 
their taking deliberate advantage of a solemn his contiol. Amongst the most noteworthy 
covenant not to use poisons to spiing a ghastly achievements were the great factory at Queen’s 
surpiise on their opponents. The effect of that Feny, ncai Chestei, capable of turning out over 
first chlorine attack in Flanders in May, ic;i5, w’as 800 tons per week of T.N.T., and over 200 tons 
devastating, and had it been followed up, might per wxek of mtioccllulose, and the still larger 
w^ell have been decisive. Apparently nothing pre- factory at Gretna with a capacity of over 800 tons 
vented the Germans from marching through to the per week of finished cordite. Except that it ob- 
Channel Forts but the same kind of mental in- taiiied about half the necessary amount of nitro- 
ertia and suspicion of new’ inventions on the part cellulose from Queen's Fcirv, Gretna was self- 
ot the German professional officer, said to be contained, producing besides the balance of the 
characteristic of his British colleague. nitrocellulose all the acids, ether and nitrogdycerin 

When they began the war, the German High itiequired. There was also a very large distilling 
Command believed that the stocks of explosives plant for tlie refining of the crude glycerin, 
and other munitions which they had pieviously Hand in hand with the erection of these fac- 
been accumulating would be^ sufficient to enable lories had to go the training of the staffs to run 
them to override all opposition. Hence in Ger- them, and in this Mr. Quinan developed a tw’o- 

many as \vith us, the manufacture of explosives folcl pur]jose. The first consideration w’as of 

was at^ first oiganised sufficiently to m-oet only course to turn out the materials necessaiy for 
peace-time requirements. But as soon as it w’as winning the W'ar. (The possibility of losing it 
found that the Allies had developed an annoying apparently did not trouble him). The second, how- 
capacity to hinder the ^ war from proceeding ever, was to make of the Depaitment a great 
according to plan, both sides W'ei*e faced with the educational institution, and to give to, the chemists 
necessity to extend the manufacture of explosives and engineers wdio came under his influence such 
on an unheard of scale. In this, how’ever, the a thorough tiaining in the erection and running 
Germans stated wfith the advantage gi-eatly on of chemical plant and in all the details of factory 
their side The enormous factoiies for the manu- management that they would be qualified to- play 

facture of dyes and other fine chemicals which their part in the great task of building up and 

had growm up in Germany w'ere an invaluable extending the British chemical industries after the 
asset, since the chemical plant wdiich they con- war w’as won. The methods by which these aims 
tamed could be converted rapidly to the purposes were accomplished are best described in Mr. 
of explosives manufacture, and what is of some Quinan’s own w'ords in the preface to the “Second 
import at the present time, could as readily be Report on Costs and Efficiencies for H.M. Fac- 
re-converted to serve peace-time requirements. In tones Controlled by the Factories Branch,” dated 
Bntam, on the -other hand, the corresponding September, igiB, and subsequently published bv 
chemical resources were relatively small, ^ so that the Ministry of Munitions. 

we had to face the problem of erecting and As was to be -expected, the chemists showed 
equipping huge and entirely new factories, themselves to be receptive pupils, and Mr. 
specially to meet the enormous demands suddenly Quinan’s educational policy met with complete 
made upon the nation. In response to these de- success. The circulation of comparative costs 
mancis, there gradually arose that -extraordinary’ data, combined wfith the frequent conferences be- 
organisation known as the Department of Explo- tw’een the staffs of the various factories and the 
sives buppiy of the Ministry of Munitions, with Headquarters Staff of the Department, developed 
^ora Moulton as its Director-General. Lord a spirit of emulation amongst the former, quite 
lYLoultons services to the nation have been fre- equal to that called up by severe trade competi- 
quently amd justly extolled, but probably the tion. This, and the fact that they were provided 

very best ^plant obtainable, resulted in 
SL Quinan, of the Cape Ex- a smoothness and efficiency of working, w’hich, all 

Quinan came from South things considered, was little short of marvellous. 
Atnca with an established reputation as an ex- But the activities of the Department of Ex- 
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plosives Supply did not stop at explosives. To- 
wards the end of IQ17 orders weie received to get 
out designs for a factory to produce about 30,000 
tons per annum of synthetic ammonia for the im- 
mediate purpose of producing about 60,000 tons 
per annum of ammonium nitrate, but with the 
ultimate post-war object of making other ammo- 
nium compounds. After some two years* work, 
a team of ardent research chemists in the Muni- 
tions Inventions Department, including the late 
Dr. H. C. Greenwood, whose death about a year 
ago is so much to be deplored, had succeeded in 
reproducing the Haber process for the synthesis 
of ammonia on a large laboratory scale. The re- 
sults which they had^ obtained were so promising, 
that Mr. Quinan decided to adopt the Haber pro- 
cess for the new factory. For war pui poses, about 
half the ammonia sO' produced was to be oxidised 
by means of the Kuhlmann catalytic process to 
nitiic acid, which in turn was to be neutralised 
with the balance of the ammonia. Although the 
designs were partly completed, various causes, 
notably the necessity to concentrate on the manu- 
facture of poisons, prevented rapid progress from 
being made with the factory itself; and when the 
Armistice ivas signed, all work on the latter was 
suspended. The project has, however, since been 
taken over by a syndicate formed by Brunner, 
Mond & Co., and it is to be hoped that, as a 
measure of national safety, it will be carried to 
completion. 

The history of the Haber process affords one of 
the most striking illustrations of the truth, that 
the most far-reaching discoveries in the domain 
of applied science are often the result of research 
carried out, not with a definite technical aim, but 
solely from a desire to advance knowledge. The 
conditions for equilibrium betw^een hydrogen, 
nitrogen, and ammonia possess very considerable 
physico-chemical interest; but in the early stages 
of HabeFs researches thereon, commencing m 
IQ05, it would have been difficult to find any 
chemical reaction which looked less likely to be- 
come of technical importance than the direct syn- 
thesis of ammonia from its elements. Even under 
high pressure and with the most active catalysts 
so far discovered, the^ temperature has to be 
pushed so high to obtain a sufficient rate of re- 
action, that equilibrium is reached wffien only 
comparatively small fractions of the hydrogen 
and nitrogen have combined. The suggestion 
that this unpromising reaction might be utilised 
for the manufacture of ammonia on a large scale 
w'^as first made by Le Rossignol, a native of Jersey, 
wffio had been trained in Sir William Ramsay*s 
laboratory in London, and had subsequently gone 
to work with Haber. Le RossignoFs proposal was 
to circulate the gases continuously under pressure 
through tKe catalyst furnace, a heat exchanger, an 
ammonia absorber, and again through the heat 
exchanger to the furnace. To test this suggestion 
a small laboratory plant was constructed by Haber 
and Le Rossignol, the working of which was so 
satisfactory that in igog the invention w^as taken 
over by the Badische Anilin und Sodafabrik. 
The difficulties in the way of constructing and 
running a large scale plant to work at about 600® 
C., and under a pressure of 150 to 200 atmospheres 
were considerable, but were successfully over- 
come. In igiy, the factory erected by the Badische 
Company at Oppau produced 93^000 tons of am- 


monia, reckoned as pure NH^, by this process, 
whilst a second factory at Merseburg, near Halle, 
has twice that capacity. Besides the Haber pro- 
cess, the Germans w^ere also using the cyanamide 
process and the Pauling arc process for producing 
synthetic nitrogen compounds; but of the three 
the Haber process has proved itself to be the most 
economical and important. Had it not been for 
these processes, the Germans would have rapidly 
run short of nitrogen compounds both for agri- 
culture and for the manufacture of munitions, and 
could hardly have survived one year of war. Per- 
haps this lesson is not entirely without interest for 
Australia. 

(To be continued ) 


PROCEEDINGS OF SOCIETIES. 


ROYAL SOCIETY. 

Ordinary Meeting j A-pril 21, ig2i. 

Prof. C. S. Sherrington, President, in the Chair. 

The following papers were read . — 

M Qtmntum Theory of Colour Vision,''^ By 
Prof. J. Joly, F.R.S. 

According to the quantum theory of vision, the 
liberation of electrons in a sensitiser in the per- 
cipient layer of the retina is the source of vision, 
the energy values of the quanta proper to the three 
fundamental colours determining the sensation of 
colour. 

In this paper the view is advanced that in accor- 
dance with the physiological law of nerve im- 
pulses, known as the ‘*all-or-none” law, the cone 
IS connected with the optic nerve through a plural- 
ity of nerve fibres; the rod being connected 
through one fibre only. This is supported by his- 
tological evidence. 

The fundamental colour-sensations — red, green, 
and blue — may be taken as corresponding to fre- 
quencies in the ratio 2:3:4, and this is the ratio 
of the energies of the corresponding quanta and 
of the kinetic energies of the electrons liberated 
thereby. It is supposed that this is also the ratio 
of the numbers of fibres activated in the cone. In 
the case of the rod, quanta, in all cases, can 
activate but one fibre; hence its achromatic func- 
tions. In the case of the cone the activation of 
2, 3, or 4 fibres evokes the fundamental sensations. 
White sensation arises when all nine fibres are 
activated. 

The bearing of these views on the significance 
of the experimentally determined colour sensation 
curves and on colour blindness is considered. 
The energy relations of colour sensation and of 
luminous sensation are discussed. 

^^The Energy involved in the Electric Change 
in Muscle und Nerve, ^ By Prof. A, V HiLL, 
F.R.S. 

An expression is given for the heating effect, in 
a muscle or nerve, of the currents produced by 
the electric response accompanying the propagated 
impulse. In a muscle the heat produced is not 
more than one hundred thousandth part of the 
energy liberated in a twitch; in a nerve it of the 
order of size of 3*5x10-“ calorie or 0*15 erg, per 
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grm. It is concluded from the smallness of these 
quantities, that no appreciable provision of energy 
is required in the propagation of the electric res- 
ponse, and that the physico-chemical change pro- 
ducing the response is the only factor involved in 
the propagated nervous impulse. 

Asymmetry MetamorikosiSj and Origin of 
Flat-Fishes^ By H. M. Kyle. 

The flat-fishes owe their change of form in the 
beginning to an inherent asymmetry of the ab- 
dominal organs, the coil of the gut; the air- 
bladder is also asymmetrically placed. The verte- 
bral column, spines, and fins develop asymmetri- 
cally according to the balance. Persistent flexures 
convey the asymmetry to the skull; the inter- 
mediate structures, urohyal, arches, jaws, cheek- 
muscles, showing distorsion and rupture. The 
basal axis of the skull is flexed to one side, the 
frontals to the other; the migi'ation of the eye is 
the final event in a long series of causes and 
effects. 

Many normal Teleosts form a coil and display 
the same initial disturbances, but their balance is 
less defective and the skull escapes deformity in 
various ways; e.g.^ the body flexures are damped 
by means of spinous lays, the abdominal cavity 
is not enclosed by asymmetrical structures, the 
skull is so strongly depressed that the jaws operate 
on the dorsal surface, or the jaws operate solely 
on the head of the vomer. 

The metamorphosis being due to defective 
balance takes place during the pelagic stages ; the 
fish swims and lies on one side because that side 
becomes the heavier; the side to become the 
heavier varies according to the balancing organs. 
After the demersal habit has been attained, changes 
in fundamental structure are improbable. Hence, 
essential differences indicate separate origins. 
The flat-fishes have appeared* in phylogeny, that 
is, the skull became affected by the asymmetry of 
the body, when the coil of the gut w^as forming 
and when the caudal region came tO' occupy more 
than half the total length. Nearest the beginning 
stands tlie large family of Cynoglossids with inter- 
mediate Teleostean characters ; at the other end is 
Psettodes, an isolated species, with advanced 
characters; between these lie several groups. 
Confirmation of this view is found in the affinity 
of each group to separate types of normal Teleosts 
ranging from the Macrurids to- the Percoids. 

^^Studies in the Cytology of the Statolith Affara- 
tus in Plants y mewed in Relation to their Habit 
and Biological Requirements^^ T. L. Prankerd. 

Part L deals with the reaction to external 
stimuli of some Liverworts and demonstrates that 
the degree of geotropic irritability con-esponds in 
general with the biological requirements of the 
plant. It ^ is further shown that the statolith 
apparatus is also gradational in its expression, 
t.e,j It IS usually absent in vegetative thalli where 
position IS of no importance, while it is most 
strikingly developed in the strongly geotropic 
gametophores and sporogonia. 

Part IL describes the movements executed by 
fern fronds in response to internal and external 
stimuli. In a study of some 15 species (repre- 
sentative of the Filicales) geotropic irritability 
was always present, though both latent and re- 
action times are greater than the corresponding 
periods for Angiosperms. A cylinder of statocyte 


tissue is always developed in the ground tissue of 
the young rachis, which disappears at about the 
time of unfolding of the leaflets, when response 
to gravity also ceases. Detailed work on 
Asfleniimi bnlbiferiim shows that a curve express- 
ing the rise and fall in the amount of statocyte 
tissue present corresponds more closely with the 
curve of geotropic irritability than with those of 
heliotropism, epinasty, or growth. It is interest- 
ing to note that growth continues some time after 
the simultaneous loss of the statolith apparatus 
and the power of gravitational response. 

The most important points in this investigation 
are : — 

(1) The demonstration of geotropic irritability 
in fern frondsj and the physiological evolu- 
tion implied in the relatively long latent 
and reaction periods; 

(2) The close correlation of this irritability with 
the development of a statolith apparatus; 

(3) The varied types of statocyte occurring in 
the Filicales, including the “nucleostato- 
lith” of Angiopteris and the curious swing 
mechanism of Gleichenia. 


Ordinary Meeting^ Afril 28, 1921. 

PROF, C. S. Sherrington, President, in the Chair. 

The following papers were read : — 

^Vibrations of a Sfinning DiscP By Prof, H. 
Lamb, F.R.S., and R. V. Southwell. 

This investigation was suggested by the occa- 
sional failure of the blades of steam turbines, 
apparently resulting from flexural vibrations of 
the turbine disc. For practical purposes it will 
be necessary to calculate the frequencies natural 
to discs of tapering profile; but the present dis- 
cussion, which is confined to discs of uniform 
thickness, illustrates the physical aspects of the 
problem. The decision to publish a joint paper 
was reached when it was discovered that both 
authors had attacked the problem independently, 
and that their methods and results were closely 
parallel. 

Expressions have been obtained for the gravest 
natural frequencies of vibration — (i) by exact 
methods, on the assumption that the disc is so 
thin, or rotates so fast that th-e restoring effects of 
centrifugal force are predominant, and the effects 
of flexural rigidity negligible; (2) from Kirchhoff's 
theory for flat circular plates, in cases for which 
the opposite assumption can be made; and (3) by 
Rayleigh^s approximate method, employing an 
assumed curve of deflection, for cases in which 
both centrifugal and flexural effects require to be 
taken into account. 

The problem is of theoretical interest, as an ex- 
ample of vibrations in which two distinct systems 
of restoring forces act simultaneously. A theorem 
due to the late Lord Rayleigh shows that the re- 
sults of employing method (3) above must be to 
over-estimate the gravest natural frequency of 
vibration. As an extension of the same theorem, 
it is here shown that a corresponding lower limit 
can be obtained by considering each restoring 
system separately. In the most important case of 
the problem treated, the upper and lower limits 
deduced in this way differ by litle more than i per 
cent; the lower limit is the easier to obtain. 
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or mild steel turning!?^, is added. The mixed 
metals are taken into solution with 15 cc. 
aqua regia (5 cc. HNO,^: 10 cc. HCl). When 
solution is effected, boil for a few minutes, cool, 
and nearly neutralise with Am OH. Sufficient 
KiMojOs is then added, so that a distinct precipi- 
tate persists on boiling foi two minutes. This is 
cleared with a few drops HCl. The solution is 
then cooled and diluted somewhat, and the basic 
ferric phosphate precipitated with 25 cc. AmOH 
(0*880 sp. gr.). The precipitate is gradually taken 
uito solution, using strong HNO^. This should be 
added from a buiette, in older that the neutral 
point may be obtained. This is easily lecog- 
nised, being a dark-coloured liquid, free from 
suspended precipitate. An excess of 3 cc. HNO, 
is then added, the liquid clearing to a bright 
apple-green solution. This is then brought to the 
boiling-point, removed from the flame, and the 
phosphorus present precipitated by the addition of 
sufficient nitro-molydic leagent. 

The precipitate is allowed to stand at room 
temperature for at least 20 minutes, and is then 
filtered, washing in the first place with 2 per cent 
HNO3, and then washing free from acid with 2 
per cent. KNOa. The phosphorus present is deter- 
mined by dissolving the precipitate in an excess 
of std NaOH, the excess being estimated with 
std, HNOa. Using phenolphthalein as an indi- 
cator. The solutions are standardised against a 
steel with a known phosphorus content. The 
small amount of Phosphorus in the added iron or 
steel must of course be deducted, — I am, &c., 

Geo. Greenwood. 

99, Tbe Grove, 

Ealing, W.6. 


BOOKS RECEIVED. 

^‘Tables of Refracted Indices. Vol. 11 , — Oils, 
* Fats, and Waxes.” Compiled by R. Kanthack. 
Edited by J. N. Goldsmith. 292 pages. 

London : Adam Hilger, Ltd. Price 25s. net. 
•‘Cl ay workers^ Handbook.” A Manual for all en- 
gaged in the Manufacture of Aiticles from 
Clay By Alfred B. Searle. 381 pages. 

London : J. J, Griffin <& Sons, Price 21s. net. 
‘Coke Oven and By-Product Works Chemistry.” 
By Thos. Biddulph-Smith. 62 illustrations. 
7 folding plates. iSo pages. London ; J. J. 
Griffin & Sons. Price 21s. net. 

“Technical Methods of Analysis as Employed in 
the Laboratories of the Author.” By D. 
Little, Inc. Gam. ^Mass. Edited by Roger 
Castle Griffin. First Edition. Kew York 
and London : McGraw-Hill Book Co., Inc. 
“Animal and Vegetable ifixed Oils, Fats, Butters, 
and Waxes ; Their Preparation and Proper- 
ties, and the Manufactures therefrom of 
Candles, Soap, and other Products.” By C 
R. Alder Wright, 3rd Edition. Revised and 
greatly enlarged by Ainsworth Mitchell. 
3 plates and 185 illustrations. Q39 pages. 
London : J. J. Griffin. Price 56s. net. 
“Metallic Alloys : Their Structure and Constitu- 
tion.” By G. H. Gulliver. Fourth Edition 
with Appendix. 332 illustrations. xxvii.-f43g 
pages. London : J? J. Griffin. Price 153. 
net. 


‘A Primer on the Storage of Petroleum, Spirit, 
and Carbide of Calcium : For the Use of 
Local Inspectors and Motorists.” By Major 
A. Cooper Key. Second Edition. X. + 132 
pages, with Appendix. London : J. J. Griffin. 
Price 5s. net. 


NOTES. 


Royal Institution — A General Meeting of the 
Members of the Royal Institution was held on the 
Qth inst., Sir James Ciichton-Browne, Treasurer 
and Vice-President in the Chair. Mr. W. E. 
Watson Baker, Di. R. Langdon Downe, Mr. R. W. 
Paul, Mr A. S Tabor, and Mrs. S. S. Williams 
were elected Members. Sir J. J. Thomson was 
elected Honorary Professor of Natural Philosophy, 
and Sir Ernest Rutherford Professor of Natural 
Philosophy. 

Royal Institution.— On Tuesday next. May 17, 
at 3 o^clock, Mr. E. Clodd gives the first of two 
lectures at the Ro>al Institution, on the “Oiigin 
and Development of Occultism.” Owing to the 
illness of Dr. MacColl, the lectures on Thursdays 
May IQ and 26 will now be delivered by Mr. 
Ernest Law on “The Architecture and Art of 
Hampton Court Palace.” On Saturday, Mav 21, 
Mr. F. Legge begins a course of two lectures on 
“Gnosticism and the Science of Religions.” The 
Friday Evening Discourse on May 20 will be de- 
livered by Dr. E. H. Starling on the “Law ot the 
Heart,” and on May 27 by Mr. A. Mai lock on 
“Elasticity.” 

We have received a copy of the “Directory of 
Paper Makers” for £Q2 i from Messrs. Marchant, 
Singer, & Co. The Directory is very complete, 
and contains all the information likely to be 
needed by printers, stationers, publishers, and all 
users of paper. A complete list of watermarks is 
given, by which it is possible to identify the maker 
of any water-marked paper, and the list of trade 
customs gives very useful information to anyone 
dealing m paper. A list of paper-makers, &c , in 
the United Kingdom, has been revised and brought 
up to dale. Price 2/9 net, post free in the United 
Kingdo-m 
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Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 

London, W.C.2., from whom all information relating to Patents, 

Trade Marks and Designs can be obtained gratuitously. 

Latest Patent AppUcations, 

11646— A Iby United Carbide Factories, Ltd.— Manufacture of salts 
of guanidine. April 22nd. 

ii553^Rucnler, H.— Process of production of boro-di-salicycUc 
acid. April 2ist. 

11766— Callimachi, M T.— Manufacture of threads, filaments, etc 
of cellulose. April 23rd. 

11311— Calori2ing Corporation of America.— Mettalis alloys. 

, April 19th. 

11771— Courtaiilds, Ltd.— Manufacture of carbon bisulphide. 
April 23rd. 

Specifications published this' Weth. 

161591— Weizmann, C. and Legg, S. A.— Manufacture of secondary 
butyl alcohol. .. 

117085— Deutsche Gold-und-Silber Scheide Anstalt vorm. Roessler,— 
Manufacture of alkali percarbonates. 
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161656— Mackay, P. A. — Process of obtaining copper sulphate direct 
from metallic copper. 

147583 — Still, C. — Method of purifying coal gas by means of 
ammonia. 

Abstracts Pubttshed this Week, 

Mr. G C. Claude of 48 Rue Saint Lazare, Paris, has obtained a 
Patent No. 158593 in this country for improvements to the protecting 
of the walls of the enclosure in which an exothermic reaction is 
carried out under high pressure and at a high temperature , for 
instance, the synthesis of ammonia using hyperpressures ” 
according to Specification 130086. A layer of molten material inter- 
posed between a chamber in which the reaction takes place and a 
pressure sustaming wall, is, by selection of bad thermic con- 
ductivity, neutral with respect to the bodies present, an » of low 
vapour tension , suitable materials are a metallic chlonde, caustic 
soda or potash, a eutectic mixture of the latter, and borax dissolved 
in boric acid To prevent transmission of heat by convection, the 
mohen material may be held stationary by the addition of solid 
material of bad thermic conductivity, such as sand, coke, powdered 
magnesia, or magnetic oxide of iron, employed in a granular or 
pulverulent state in such a manner as to form a paste or pulp. 
Substances such as litharge may be added to the molten material to 
absorb hydrogen, etc., that may become dissolved thert in and which 
might attack the vrall of the enclosure. In the apparatus, the 
catalyst is contained in the inner tube, surroundeo at the lower part 
by an electrical heating-device, and the reaction gases enter at the 
connection, pass through the annular or helical space between the 
tubes, then traverse the catalyst, where they are brought to reaction, 
and finally escape through the connection. At the point where the 
gases enter, the temperature is insufiScient to lead deterioration of 
the wall, and it is adequate to continue the molten material to a 
height at which the temperature ceases to become injurious to the 
wall. Several layers of liquids may be employed, the more fusible 
at the top and extending down to a level, and the less fusible from 
other levels , such viscous liquid may consist of boric acid contain- 
ing an increasing proportion of borax. 

Sulphur Dioxide. — Mr. P. Pascall of riy, Boulevard Hausmann, 
Paris, has been granted a Patent No. 159337 for a new process of 
obtaining sulphur dioxide from dilute gas mixtures. For instance 
gases from the roasting of blende and pyrates by treating the gas 
mixture under pressure with carbolic oil obtained by distilling coal 
tar at lys-azsX., and separating the dissolved gas by heat and 
reduced pressure, after which the gas is liquefied. The dilute gas 
is compressed by a compressor i and delivered by a pipe 2 to a 
packed tower 3 supplied with oil by a pump 4 through a pipe 5. The 


issuing gas is expand^ in an expander 6 and led by a pipe 7 to 
apparatus for recovering the last traces of sulphur dioxide. The 
oil passes from the bottom of the tower 3 by a pipe 8 to a coil 9 in a 
heat exchanger 10 having a jacket ii supplied with steam and then 
it is delivered by a pipe 12 in a tangential jet into an expanding 
chamber 13 having a steam jacket 14 The oil collecting in the 
lower part of the expander 13 is heated by a steam coil 16, from 
which the steam passes through the jacket ii of the exchanger 10. 
The oil from the expander 13 passes through the exchanger 10 
through a coil 20 in a cooler 21 and thence to the pump 4. The 
sulphur dioxide separated in the expander 13 passes up a plate tower 
24, which separates oil vapour, to a suction pump 25 after which it 
is liquefied. 



Messrs. Rayner & Co , will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 


^SULPHATE of COPPER. I 

■ “MAPLE” BRAND. 6uaranteed 98-99% PDrily. " 


Powder or Crystals. 


I NICKEIi SAIiTS (FOR nickel plating, Etc.) ^ 

Cuairanteed 99-100% Pui*ity. ^ 

§ NICKEL INODES. NICKEL SHEET and STRIP. NICKEL ROD and WIRE. I 


Guaranteed 99-100% Purity. 



analysis: 99.8% Nil. 
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MEETINGS iFOR THE WEEK. 


NOTICES. 


Royal Institution, 3. '' 
by Edward Clodd. 


Tuesdayt May ly. 

Occultism— Its Origin and Development*’ 


Wednesday^ May 18. 

Royal Microscopial Society, 5. 

Thursday^ May ig. 

Royal Institution, 3. “ The Architecture and Art of Hampton Court 
Palace ** by Ernest Law. > 

Institution of Mining and Metallurgy, 5.30 
Chemical Society, 8. 

Friday^ May 20 . 


Royal Institution, 9. **The Law of the Heart " by Dr. £. H. 
Starling. 

Saturday^ May 21, 

Royal Institution, 3. Gnosticism and the Science of Religions * 
by Francis L^ge. 


NEWCASTLE-upon-TYNE 
EDUCATION COMMITTEE. 
RUTHERFORD TECHNICAL COLLEGE. 


A PPLICATIONS are invited for the follow- 

ing appointments, duties to commence in September . — 

0) HEAD OF THE CHEMISTRY DEPARTMENT, with 
qualifications as under 

iay Works and Laboratory experience in the Chemical 
Industi^. 

0) Good training at a University or Technical College 
in Chemistry and cognate subjects. 

(r) A degree or its equivalent. 

Commencing salary at the rate of per annum, pending 
publication of Burnham Report ft Technical Institutions. 

(2) TWO ASSISTANT LECTURERS with qualifications in 
Mathematics, Geometry and Physics. 

(S^ AN ASSISTANT LECTURER with qualifications in 
Mathematics, Mechanics and Shipbuilding. 

Salary for Assistant ^ciurers according to Burnham 
Report on Sec<mdaxy Schools pending publication of Burnham 
ft Techninsl Institutions. 

Form of application by sending stamped addressed foolscap 
envelope to— 

THOS. WALLING, 

Director of Education. 

Northumbei^jtd Road, 

N ewcastle-upon-Tyne, 


EDITORIAL.— All Literary communications and Books, Chemical 
Apparatus, Ac., for review or notice to be addressed to the 
Editor. 

SUBSCRIPTIONS* £i 12s. per annum, payable in advance, should 
be addressed to the Manager. 

BACK NUHBEBS and VOLUMES can be purchased on applicatio 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 

ADYERfISEMENTS. 

All oommnnleaitioiis for this Department should be ad- 
dreeiod to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E.C.4. 


UNIVERSITY COLLEGE OF SOUTH 
WALES AND MONMOUTHSHIRE. 

COLEG PRIFATHROFAOL DEHEUDIR 
CYMRU A MYNWY. 


'T'HE Council of the College invites applica- 

A tions for the following posts, viz 

1. Professor of Chemistry. Salary ^fiSOO per annum. 

2. *> »> English Language and Literature. 

Salary ^6800 per annum. 

3. Assistant Lecturer m the Departments for the training of 
Teachers (Temporary for 12 months from October 1st, 1921) . Salary 
jg360 per annum. 

Further particulars may be obtained from the undersigned, by 
whom 100 copies ot applications and testimonials, (except for the 
last-named post for which three copies, which need not be printed, 
will suffice), must be received on or before May 28th, 1921. 

D. J. A. BROWN, 

Registrar. 

University College, Cardifi. 

April 2and, 1921. 


PATENTS, TRADE MARKS. Handbook 

A and advice free— B. T. King, British and U. S. Regd. Patent 

Attorney, 146a, Queen Victoria St., London. 36 years reference 


BACK NUMBERS AND VOLUMES. 


W E have For Sale a limited number of the Earlier Volumes and Numbers 
of the CHEMICAL NEWS, and are prepared to supply orders at the 
following rates, carriage extra (subject to the Volumes or Numbers being, in stock 
tt the date when the order is received): — 


1860—1883 
1884—1903 
1904— igiS 

1918 

1919 

1919—1920 


PRICES FOR 

SINGLE VOLUMES. 





£ s. d. 



£ s. 

d. 


Volumes I to 48 

Bound 390 each 


Unbound 3 6 

0 

each 

49 a* 

a* 2 16 0 „ 


aa 

2 13 

0 

aa 

Bg n II6 

a, I 10 0 „ 


aa 

I 7 

0 

ft 

a. II7 

„ 2 10 0 „ 


ft 

out of print 


« 118 

aa 2 0 0 „ 


» 

I I6 

0 

ft 

„ II9 to m 

aa U 16 0 „ 


aa 

0 13 

0 

ff 

SINGLE NUMBERS. 






i860 to 1883 inclusive 

••• ... 

2 

6 each 




1884 ,, 1903 



2 

0 „ 




1904 to igiS* „ 

... ... ... 

I 

0 aa 




^1919 and amrsids 



0 

6 „ 





^Various numbers, parts of Vols. tiy and zi8 (19x8/19) are only on sale at 2s. 6d. each. 


THE GENERAI^ INDEX to VOLS. I to lOO can still be purchased at {Carriage Extra). 
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97, Shoe Lane, London, E.C.4. 
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Fractional Distillaiion with Contact Ring Still-keads, 


THE CHEMICAL NEWS. 

VOL, CXXII., No. 3188. 

FRACTIONAL DISTILLATION WITH 
CONTACT RING STILL-HEADS* 

By Dr. R. LESSING, 

The author draws attention to the advantages of 
packing absoiption towers and distilling columns 
with contact rings of the type described in his 
Brit. Fat. No, 139,880. Thesfe rings consist of 
cylinders of approximately equal height and dia- 
meter, having a gap in the circumference and a 
more or less diametrical partition connected on 
one side with the cylinder, but out of touch on 
the opposite side. They aie disposed indiscrimin- 
ately in the tower or column at the angles which 
they find when diopped promiscuous] v into a 
vessel. The provision of the central partition and 
openings has been found to increase the efficiency 
of this packing over Raschig rings by increasing 
the contact surface available m a given tower 
.space and the diainage capacity. 

The standard rings of lin. diameter by iin. 
height are used in a great variety of plants of the 
chemical and gas industries, amongst which may 
be cited ammonia scrubbers, absorbers, washers, 
tar extractors, carbolate decomposers, carbonating 
and decarbonating towers, debenzolising stills, 
distilling columns and still-heads for many sub- 
stances such as tar and petroleum products, alco- 
hols and essential oils, condensers, coolers, heat 
exchangers, and are applicable wherever large 
inter facial surface for liquid and gas or vapour, 
combined wdth a minimum of back pressure is 
essential. 

Smaller sizes of Lessing contact rings down to 
Hn, diameter are now available, and are particu- 
larly useful for the construction of lalxiratoiy 
still-h'lads on the lines on which the larger rings 
are applied in m^inufacturing operations. They 
have a surface of 8250 sq. cm. per litre (251 sq. 
feet, per cubic foot), and only occupy 13 per cent 
total space, leaving 87 per cent of free space for 
vapour and condensate. The resistance of such 
still-heads is almost negligible and they can there- 
fore be made of considerable height. 

They are simple in construction, and the rings 
can be transferred from one column to another, 
or be used in absorption towers or reaction vessels, 
and are therefore of general applicability. They 
have a remarkable fractionating efficiency, and 
are in this respect §tiperior to- other dephlegmators. 
This efficiency is due to the large surface per unit 
of volume, the turbulence created by frequent de- 
flection of currents of vapour and condensate, ghd 
the consequent absence of channeling. 

In order to obtain the maximum efficiency, the 
author recommmends lagging or even heating df 
the still-head to avoid undue condensation, and to 
provide a reflux condenser, or to use a definite 
length of the still-head itself as reflux condenser. 
Thus, return flow and irrigation of the whole 
length is obtained. A ripg packed ^till-head may 
then be regarded as a scrubber in which' the 
ascending vapours are scrubbed with the descend- 
ing condensate. ■* r , 


* Read at the Meeting of the London potion of the Society of 
Cbemicnl i^pdiasti:?, ]S4on4ay^ May 9 ^, ^ 1 , < ^ 


Still-heads can be constructed from plain glass 
tubes or metal pipes by merely dropping the rings 
into them. 

The paper contains a number of graphs proving 
the efficiency of fractionisation obtainable. From 
a mixture of equal portions of benzene and toluene 
47 per cent of benzene distilled within less than 
I**, and a like portion of pure toluene was yielded, 
leaving only about 5 per cent of the total volume 
in the mixed middle fraction. 

From a crude coke oven benzol, almost all the 
benzene and toluene could be distilled off each 
within 0*2° C., although the sample contained 30 
per cent of naphthalene and Wash oil. The effect 
of still-head dimensions, heat insulation and re- 
flu.x condentsing is shown in one set of curves. 
Anotlier chait deals with the distillation of fusel 
oil, and a lemarkably sharp separation of the 
various higher alcohols from each other and from 
water is shown in a further graph. The fraction- 
ating effect is so sharp that chemically anhydrous 
alcohol may be in the lower part of the still-head, 
while there is sufficient water in the upper portion 
to separate as a distinct layer from the distillate. 


METHODS FOR THE 

COMPLETE RECOVERY OF NITRE CAKE * 

By W. H. H. NORRIS, B.A., B.Sc. 

Previous to 1915 the utilisation of nitre cake in 
this country was on a comparatively small scale. 
During the war over 80 i>er cent of the consider- 
ably increased production was employed, but 
largely by methods which completely wasted the 
sodium sulphate contents. With ample supplies 
of sulphuiic acid, only those methods of recovery 
will stand which are economically sound, and the 
production of by-product salt cake in a pure and 
marketable form will assist in this direction. 

Processes of war expediency may be passed over. 
The oldest method for complete recoveiy was by 
the salt cake furnace, and this w^ell-known opera- 
tion calls for little comment. Expenditure on 
hard coke at present prices is a considerable 
charge, and where hydrochloric acid is* the valu- 
able product, nitre c^e has little chance of com- 
peting with sulphuric acid because of the reduced 
yieJd furnace, and the impurity of acid pro- 
duced when nitre cake is employed. 

Many other methods have been suggested, but 
the writer does not know that any of these have 
been carried out on a manufacturing scale with the 
exception of the following. 

Nitre cake may be used for ammonia absorption 
producing sulphates of ammonia with the addi- 
tional formation of sodium sulphate suitable for 
glass makers. 

A process w^ described which has been worked 
out in conjunction with H. S, Denney and C. W. 
Bailey, and 220 tons^qf nitre cake used to produce , 
1 S 7 to^s of salt c£^e and 87 tons of ammonium 
sulphate ty it. The^' plant was run in conjunc- 
tion Wuh a Mond Gas Ammonia Recovery Plant^^ 
and Ptqved successful in operation, process flgttrea4 
and. costs for which were given. t 

Th^ method ds of wide application and 
used either^ With ammonia absorption 

A paperstej Isefore tlie ItJinolipster Section of B 
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dasher washers or in the ordinary saturator as 
employed on coke oven and gas works liquor re- 
covery plants. The operation works up all its 
own waste liquors, and requires the minimum of 
handling and evaporation. 

Briefly, the nitre cake is digested with hot pro- 
cess liquor, and the whole of its contents of salt 
cake are precipitated in a pure form, while all the 
acid is taken into solution. The mixture is 
Altered, and washed in centrifugals, and the acid 
liquor resulting used for ammonia absorption, 
in the saturator or other absorption plant. The 
neutralised liquor is evaporated in the usual way, 
for the deposition of sulphate of ammonia con- 
taining over 24 per cent free ammonia, but con- 
centration is checked when a definite density is 
reached, and the process liquor run back to the 
digester to extract the acidity from a fresh charge 
of nitre cake. 


THE SEPARATION AND DETECTION OF 
ARSENATE AND ARSENITE. 

By, GEO. \V. SEARS. 

Of the methods now available for the detection of 
arsenate and arsenite those based on the formation 
of arsine {Ckem, Ztg.j xxxiii., 1209; Z. anal. 
Chem., 1902, xli.j 362) and those taking advantage 
of the oxidising power of arsenates (Am. /, Sci., 
[3] 1 894, xlviii., 216) or the reducing power of 
arsenites [4] r8g6, 1., 35) are perhaps the 

most common. The limited applicability of these 
methods to a general separation and detection of 
the more common acid radicals led the author to 
make a study of the relative solubility of their 
silver salts in various concentrations of sodium 
hydroxide. When silver arsenite, to which potas- 
sium hydroxide has been added, is allowed to 
stand in the sunlight or is heated to 50® on the 
water-bath, the arsenic slowly dissolves with the 
formation of potassium arsenate 1894, 

xxvii., 1019). No information, however, was 
available regarding the effect of alkaline solu- 
tions other than ammonium hydroxide, on silver 
arsenate. Both salts are readily soluble in am- 
monium hydroxide (“Dictionary of Chemical Solu- 
bilities, Comey, pp. 37-42). An examination of | 
the two salts with respect to their relative solu- i 
bilit>’ in excess of sodium hydroxide leads to a 
study of the following equilibria. 

2Ag5.AsQ^-l-2NaQH4-H.>0^2NaH,As0..4- 

sAgaO (i) 

iAg,AsOx+2NaOH '^ 2NaAsO.-f^Ag,Q4- 

H*0 (2) 

2Ag,As034-6NaOH^4Ag-f-AgaOd-2Na3AsO*-f- 

3HaO (3) 

ExferimentaL 

Prefaration of Silver A r senate and Silver 
Arsenite . — Weighed amounts of the C, P. sodium 
salts were dissolved in enough water to make a 
concentration of 10 mg. of the acid radical per cc. 
of solution. Definite volumes of these solutions 
were diluted, acidified with nitric acid and an 
excess of silver nitrate was added. To the re- 
sulting mixture sodium hydroxide was added drop 
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by drop with constant stirring until the black pre- 
cipitate of silver oxide just failed to redissolve. 
The appearance of the black silver oxide is very 
definite and easy to detect, and hence makes a 
very satisfactory indicator. Under these condi- 
tions the solution has an acidity of about 10- to 
io-\ It reacts acid toward phenolphthalein and 
basic toward methyl orange. \Yith Congo red an 
orange to violet colour is obtained. Both silvei 
arsenate and silver arsenite are completely 
precipitated, and can be filtered with ease. ( 
filtrate does not give a precipitate with H3S.) The 
salts obtained in this way and contaiiring a definite 
weight of the acid radical were removed from the 
filter by means of a fine stream of water. This 
resulted in a rather finely divided suspension to 
which the solvent was added. 

Solubility of Silver Arsenite . — Approximately 
6 N sodium hydroxide solution was added to the 
precipitate of silver arsenite suspended in 10 to 
20 cc. of water as indicated above, and after a 
thorough mixing, the mixture was filtered and 
both precipitate and filtrate tested for arsenic as 
follows. The precipitate was leached with 6 N 
hydrochloric acid to dissolve the arsenic and re- 
move the silver. The clear solution was then 
saturated cold with hydrogen sulphide. The 
filtrate was strongly acidified with hydrochloric 
acid and saturated with hydrogen sulphide. Table 
I. shows the behaviour of silver arsenite toward 
various concentrations of sodium^ hydroxide. The 
residue invariably gave a positive test, and the 
filtrate a negative test, except in the last experi- 
ment, when the filtrate gave a positive test. 
Table L 



Cc, of 

Total 

Approx. 

Mg. 

AsO/'. 

Approx. 

6 NNaOH 

volume 

cc. 

normal 

strength. 

0-5 

0*2 

10 

0-12 

I 

0*2 

10 

0-12 

10 

0*2 

10 

0*12 , 

100 

0*2 

10 

0*12 

0-5 

0-5 

10 

0*3 

10 

0*5 

10 

0*3 

100 

0-5 

10 

0*3 

o-s 

1 

25 

O' 24 

100 

1 

25 

0*24 

I 

2 

25 

0*48 

r 

5 

25 

r2 

50 

5 

20 

r*S 

50 

5 

IS 

2 

results 

obtained 

show 

that cold sodium 


hydroxide up to about r 5 has no solution effect 
on silver arsenite, though higher concentrations 
seem to have a slight solvent action. In 
Reichard’s work (Reichard, Ber., 1894, xxvii., 
10 1 q) on the action of potassium hydroxide on 
silver arsenite no statement is made regarding 
the concentration of potassium hydroxide solu- 
tion used, hence it seemed advisable to repeat a 
part of his work, using small concentrations of 
sodium hydroxide solution. The results obtained 
from a number of experiments showed that at the 
temperature of the water-bath silver arsenite is 
slowly dissolved in 0-5 hJ sodium hydroxide solu- 
tion. The feaction proceeds almost entirely 
according to Equation 3 above, as shown by the 
fact that only a trace of arsenic could be detected 
by precipitation with hydrogen sulphide from a 
cold hydrochloric acid solution, while a consider- 
able amount of metallic silver was left ip the 
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residue. On the other hand, when the mixture 
was kept cold no reaction was detected in concen- 
trations of sodium hydi oxide below 1*5 and in 
higher concentrations (4-6 A^) reaction according 
to Equation 2, seemed to piedominate, although 
the presence of small amounts of metallic silver in 
the residue shoA\cd that some arsenic w’as dis- 
solved according to Equation 3. Even in G N 
sodium h\ dioxide solution only a small fraction 
of the silver arsenite present was dissolved. 

Solubility of Silver Arsenate . — In the investi- 
gation of the solubility of silver arsenate expeii- 
ments were carried out in the same mannei as 
those w’ith silver arsenite except tliat the residue 
after leaching with hydrochloric acid w’as heated 
to boiling before saturating with hydrogen sul- 
phide. The filtiate was acidified with acetic acid 
and the arsenate precipitated with uranyl acetate 
The resulting uranyl arsenate was then dissolved 
in hydrochloric acid and arsenic precipitated with 
hydrogen sulphide as before. Preliminary experi- 
ments showed that some silver arsenate dissolved 
even in very small concentrations (0*05 to O’l N) 
of sodium hydroxide but seemed to indicate in- 
complete solution when as much as 5 mg. of the 
arsenate radical w'as present. With o’S to i mg. 
of arsenate, solution was complete as shown h\ 
a negative test on the residue and a positive test 
in the filtrate. When 50 to 100 mg. was used a 
considerable proportion seemed to dissolve, but 
in all cases the residue gave a positive test. In- 
creasing the concentration ^of the sodium hydrox- 
ide made very little change in these results, while 
increased dilution of the arsenate seemed to give 
a greater solution effect, (Later work showed that 
these results were due m laige measure at least 
to insufficient washing of the silver oxide residue). 

The result of preliminary^' experiments indicated 
that an equilibrium was established in which per- 
haps 75 to 80 per cent of the arsenate was dis- 
solved. It seemed worth while, therefore, to make 
a more careful study of the equilibrium 

2Ag,AsQ>+3NaOH+H,Q"^ 2 NaHaAs 04 + 3 Ag 20 

in order to find out if possible the conditions under 
which it might be shifted to the right and com- 
plete solution of the arsenate be obtained. To 
this end several experiments were carried out as 
described above. 


AsO/", 

Mg. 

Cc. of 
appro\ . 

6 N NaOH 

Table 1 1 . 

ToUl 

voltiine 

GC 

Approx. 

normal 

strength 

Residue 

0*5 

0'3 

10 

0’l8 

Neg. 

I 

0*3 

10 

o*i8 

Neg. 

1 

0*25 

25 

o’o6 

Neg. 

10 

0*5 

25 

0*12 

Neg. 

25 

0*5 

25 

0*12 

Pos. 

50 

1 

25 

0*24 

Neg. 

100 

I 

25 

0*24 

Neg. 

150 

1 

25 

0*24 

Pob. 

150 

■-> 

25 

0*48 

Neg. 

200 

n 

25 , 

0^48 

Neg. 

250 

2 

2^ 

_ 0*48 

Pos. 

400 

3 

25 

0*72 

Neg. 

450 

3 

2 S 

0*72 

Neg. 

1 

0*15 

25 

0*03 

Pos. 


Various concentrations of sodium hydroxide were 
added to the precipitate of silver arsenate, SUS7 
pended ia water, and the mixture was well stirred 


before filtering. The silver oxide lesidue in as 
then washed till the wash water gave no further 
test for alkali with litmus paper. 

Table 11 . show’s the behaviour of siivei arsenate 
toward vaiious concentrations of sodium hydrox- 
ide. The filtrate gave a positive test m every 
experiment except the last, wdiich was negative. 

It may be seen fiom the above results that the 
solvent action of sodium hy’droxide on silver 
arsenate increases very rapidly with increasing 
concentration, and is appreciable at concentrations 
as low as 0*06 A^. No action is apparent, how- 
ever, in 0*03 A' sodium hydroxide solution. 
£>iscussio?i3 

From the foiegoing results it is evident that a 
quantitative separation of ai senate and arsenite 
may be obtained bj the action of sodium hydi oxide 
solution (o* 5-1-5 N) on their silver salts, the 
arsenate passing into solution. Higher concentra- 
tions of sodium hydroxide react slowly with silver 
arsenite wuth the formation of a mixture of soluble 
trivalent and pentavalent arsenic, probably ac- 
cording to Equations 2 and 3 above. Even very 
high concentrations, how'ever, seem to have but 
slight solvent action in the cold. 

It w'ould seem, therefore, that some influence 
other than is apparent in the equilibrium repre- 
sented by Equation r must come into action to 
affect the so-lution of silver arsenate since similai 
forces seem to act in the apposite direction in 
Equation 2. A compound of the formula 
(AsaO,,)2.3NaOH has been described by Filhol and 
Senderens as being formed by the action of excess 
sodium hydroxide on arsenic acid (Filhol and 
Senderens, Cornet, Reni,, 1881, xciii., 388). They 
obtained it crystalline form only after evaporation 
to a syrupy consistency. No evidence of a similar 
action with arsenious acid was found. This differ- 
ence in tendency towrard complex formation with 
sodium hydroxide may, therefore, account for the 
difference in solubility of the silver salts. With- 
out the formation of a complex ion the equilibrium 
represented in Equation i should shift tow^ard the 
less soluble silver salt as is apparently the case in 
Equation 2. 

procedure, 

(1) PrecifiiatioH, — To a nitric acid solution of 
the acids containing an excess of silver nitrate add 
sodium hydroxide drop by drop from a pipet until 
on shaking the dark silver oxide precipitate just 
fails to redissolve.. Filter, w'ash the precipitate 
and transfer it to a graduate cylinder by means of 
15 to 20 cc. of water from a wash bottle. Add 2 
to 3 cc. of approximately GN sodium h\droxide 
solution and fill up to the 25 cc. mark with w’ater. 
The amount of sodium hydroxide that should be 
added depends on the quantity of arsenate pre- 
sent. More than 450 mg. of arsenate is com- 
pletely dissolved in 25 cc. of solution containing 
3 cc. of 6 A sodium hydroxide solution while as 
much as 5 cc; of the alkali in 25 cc, of solution 
produces no solvent action on the arsenite. Trans- 
fer the contents of the cylinder to a beaker and 
mix thoroughly. Filter^ and w^ash the residue free 
from alkali. Test the residue for arsenite and the 
filtfAe for arsenate. 

(2) Detection cf Arsenite . — Dissolve the residue 
of silver arsenite (i) by pouring a 5-cc. portion of 
6 N hydrochloric acid repeatedly through the fil^ 
and add hydrogen sulphide to the clear solution' 
obtained^^^' s < 3 ark precipitate is obtained showr 
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mg the presence of heavy metal sulphides in- 
soluble in hydrochloric acid, it may be tested for 
arsenic according tO' the usual methods. 

(3) Detection of Arsenate . — The filtrate from (i) 
contains the arsenate which may be separated by 
acidifying with acetic acid and adding uranyl ace- 
tate in slight excess. The arsenate is precipitated 
as uranyl hydrogen arsenate, UOaHAsO^. If the 
precipitate should be colloidal or finely divided it 
may be collected and readily filtered by shaking 
witii a pinch of asbestos fibre. The uranyl arsen- 
ate is readily soluble in hydrochloric acid from 
which it may be precipitated as sulphide by means 
of hydrogen sulphide. 

The method has been successfully used by the 
author’s classes in qualitative analysis as- a means 
of detecting arsenate and arsenite either alone 
or in the presence of each other. 

Sitmvtary. 

A procedure is d.escribed for the separation and 
detection of arsenate and arsenite. 

The separation is based on the relative solu- 
bility of their silver salts in sodium hydroxide. 

Data in support of the procedure are furnished. 
The method is capable of detecting i mg. of eithei 
ion in the presence of 450 mg. of the other. — 
Journal of the American Chemical Society^ March, 
1921, 

THE PRESENT POSITION OF CHEMISTRY 
AND CHEMISTS.* 

By Prof, N. T. M. WILSMORE. 
f Concluded from p. 223). 

In vie^^ of theii peculiar notions of honour and 
humanity, it is not surprising that early in the 
war the Germans yielded to the temptation to 
make use of the great superiority in chemical re- 
sources wdiich they then i>ossessed, in an attempt 
to overwhelm the resistance of the Allies by 
launching surprise attacks with poison gas. As 
already mentioned, the end, from their point of 
view, very nearly justified the means; but it mav 
be doubted whether towards the close of the w'ar, 
when the Allies’ leply in kind was l>ecoming effec- 
tive, they w^ere quite so pleased with their innova- 
tion* 

Owing to the ease with which free chlorine can 
be absorbed and rendered harmless, it was soon 
superseded for offensive purposes by various 
poisonous compounds, most of which, how^ever, 1 
contained chloiine as a constituent. Of these 
compounds, perhaps the most important w^eie 
phosgene and *->Wdichlordiethyl sulphide, the so- 
called ^^mustard gas,’’ the latter being first used 
by the Germans in July, 1917. Owing, apparently, 
to faulty organisation, on the part of the Depart- 
ment originally concerned, the production of 
poisons in Britain failed for some considerable 
time to meet requirements; but in April of 19183 
the whole of the manufacture and supply was 
transferred to the Explosives Department* As 
this manufacture was given the highest priority, 
the -whole of the comprehensive scientific and 
technical resources of the latter Department were 
-at once applied to it, and a vigorous programme 
was taken up. In the meantime, a simplifi^ 
method for making mustard gas by the action of 
ethylene on sulphur monochloride had b een dis- 

, * Presidential Address, delivered before Section B (Chemistry), 

of the Australasian Association for the advancement of Science at the 
Meeting held in Melbourne. 


covered in the Chemical Department of the Uni- 
versity of Cambridge; and, although the working 
out of this method on a technical scale W'as still 
far from complete, its advantages over the cum- 
brous method used by the Germans were so ob- 
vious that It w’as decided to adopt it. An existing 
factory, which had been shut down, was rapidly 
reconstructed for the new’ manufacture, first on 
an experimental, and later on a large scale; and, 
owing to the stienuous and self-sacnficing labours 
of the technical staff, the process made such head- 
way that by the f olio wan g September 50 tons of 
this fearsome compound had been delivered to the 
shell-filling factories. This amount, how’ever, 
was only a pieliminar> sample of wdiat the factory 
was planned to make, but before it could get into 
its stride the war had ended. 

It’ is of interest to note that the first consign- 
ment of shells filled wath British mustard gas w-as 
delivered to the Australian Army Corps, and w'as 
used by it m the operation of finally piercing the 
Hindenburg Line at Bellicourt To quote General 
Monash, “Australian Victories in France,” p. 255 : 
“The first phase of the bombardment was of a 
novel character. For over tw’o years the enemy 
had been using a shell containing an irritant a^nd 
poisonous gas knowm as “mustard gas.” . . . For 
a long time w^e had been piomised that the British 
Artillery Service w^ould shortly be supplied with 
a gas shell of similar character. It was moreover 
anticipated that the Gennan gas mask w’uuld prove 
no adequate protection against this kind of gas. At 
last the new shell was forthcoming, and the fiist 
.shipment from England, amounting to some 50,000 
rounds, w'as placed at the disposal ol the Austra- 
lian Corps. My artillery action, therefore, opened 
with a concentrated gas bombardment of 12 hours, 
attacking probable living quarters, occupied de- 
fences, and all known or suspected approaches to 
them.” 

Later infounation from piisoneis and other 
sources disclosed that the effect of this bombard- 
ment on the Germans had been most demoralising. 
For months previously the German troops had 
been assured that mustard gas would wdn the w’ar 
i for them; that no troops could stand against it; 
and that the British could not hope to make it. 
The subseciuent disillusionment w’as, therefore, 
one more convincing proof that the game was up. 

As the multifarious activities of the Explosives 
Department and of the other Departments under 
the Ministry of Munitions developed, the amount 
of research w-ork wdiich became necessary w'as very 
great. The Explosives Department itself had a 
laboratory specially set apait for research, and re- 
searches w^ere also constantly in progress on the 
plant and in the laboratories in all the factories 
controlled by it. These resources, however, even 
wdien supplemented by those of the Research De- 
partment at Woolwich, proved inadequate to 
supply the mass of information wEich w^as con- 
stantly required ; so a special Section of the Ex- 
plosives Department . was formed and entrusted 
with the duty of arranging^ for and co-ordinating 
research w’ork in the laboratories of the Universi- 
ties and technical schools throughout the country. 
Although greatly hampered by want of assistance, 
the teaching staffs of these various institutions 
responded enthusiastically to the call ; so that in- 
numerable problems involving chemistry, physics, 
engineering, and in fact every branch of science, 
were rapidly solved as they arose, and thus the 
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binuoth Avorkiug of this gigantic war machine was 
made possible. 

In this way the Department of Explosives 
Supply accumulated an immense and varied 
amount of most valuable information ; and it was 
Mr. Quinan^s earnest wish that, when the war was 
won, this information should be made available 
for the benefit of the industries, and especially the 
chemical industries of Britain and hei Allies 
Fortunately this is now being done, the necessary 
editing having been placed in the able hands of 
Mr. William Macnab, uho was himself one of 
Mr. Quinan’s foremost colleagues on the Head- 
quarters Staff of the Department. The first instal- 
ment of the Reports, entitled “Preliminary Studies 
for H.M. Factoiy Gretna, and Study for an In- 
stallation of Phosgene Manufacture,’^ has already 
been published. The latter portion of this Report 
contains a detailed discussion of the lay out of 
a plant to produce about 250 tons of phosgene per 
ueek, and affords an excellent example of Mr. 
Quinan’s creative methods for attacking a new 
problem. The plant in question was in course of 
erection at the close of the war, and would have 
proved a valuable asset, had there been any 
further campaign. These Reixirts will be of the i 
greatest value both to designers of chemical plant 
and to students of chemistry and chemical engi- 
neering, and should be added to the library of 
every university and technical school. 

It should be mentioned that the Department of 
Explosives Supply also derived most useful help 
from the disclosure by private firms of informa- 
tion on vaiious matteis, which before the war had 
been jealously guarded as “trade secrets.” .This 
pooling of information already in existence in it- 
self enabled great advances to be made. British 
chemical industry has been heavily handicapped 
in the past by the e.xclusiveness and secrecy of 
individual firms, whilst, on the other hand, its 
rivals in Germany and in the United States have 
derived great benefit from the exchange of know- 
ledge amongst themselves. The commanding 
position of the British engineering trades has no 
doubt been largely due to the fact that in their 
case this policy of secrecy has for the most part 
been impossible, so that a discovery or invention 
made by one firm is at once of advantage to all. 

My reason for dwelling so long on the work of 
British chemists in the war is two-fold. In the 
first place, the record of that work affords what 
should be convincing proof that chemistry and 
chemists are indispensable factors in the construc- 
tive work of peace. In the^ second place, the term 
“British” in this .<i 03 »Bexion' includes “Australian,” 
for Australian chemists formed no inconsiderable 
proportion of the technical staff of the Department 
of Explosives Supply. One cause of this was the 
supineness of the British Government early in^ the 
war, in allowing the chemists of the United King- 
dom, who were all too few in any case for the 
chemical work ahead, freely to enlist in the fight- 
ing forces; so that, when the ^reat factories were 
approaching completion, ai> urgent call for 
chemists had to be sent out to all parts of the 
Empire. 

The future status of chemistry and chemists is 
intimately bound up with the quantity and quality 
of the training which chemists undergo. Hitherto 
many chemists have been using their name 

in an inexcusably loose fashion to include, not 


only thoroughly tiained and competent all-round 
men, but also mere testers or works foremen, who 
have served a sort of apprenticeship in a chemical 
laboratory or works, but who, although they may 
sometimes be highly skilled in some one restricted 
branch of chemistiw, have only the merest smatter- 
ing of chemistiy as a whole. The advancement of 
chemistry as a profession is seriously endangered 
by such a practice as this. We must begin by 
taking ourselves and our profession S'criously, if 
we wish to be taken seriously by the members of 
other professions, and admitted by them to equal 
professional status. 

On the whole, the general university curriculum 
toi a science degree in chemistry has come out 
well from the test of the past few years. A broad 
and thorough training in pure inorganic, organic, 
and ph> sical chemistry , together with a good 
working knowledge of mathematics, physics, and 
modern languages (including English), has shown 
Itself to be the only satisfactory^ basis for any 
chemical career worth haying. For teaching and 
foi research in yiure chemistry, a training on these 
lines would appear to suffice But the number of 
chemists wdio are disposed to, or are fitted for, 
these fields of work will always be limited, and 
the majority will have to seek their living a& 
analysts or consultants or in the industrial held. 
For industrial chemists in general, some know- 
ledge of engineering is a great advantage, as even 
when they do not themselves undertake the design 
and erection of plant, it enables them to discuss 
with engineers problems wiiich are common to both 
in language which the engineer understands. For 
those who intend to specialise as engineer-chemists 
or chemical engineers, a training in engineering 
as well as in chemistry is, of course, essential. 
In this connection a perusal of the Report of the 
Discussion on “The Training and Work of the 
Chemical Engineer,” held by the Faraday Society 
in London nearly four years ago, may be recom- 
mended. . . 

The concensus of competent opinion in Britain 
at the piesent time is that a chemist, to be worthy 
of the name, should have had a systematic dav 
training in all important branches of chemistry, 
extending over at least four years, and leading to 
a B.Sc. degree wdth first or second class honours 
in chemistry at the end of it. This qualification 
is now^ accepted as a minimum for admission to 
thd^^Associateship o# the Institute of Chemistry of 
Great Britain and Ireland. That Institute will, 
however, admit candidates for the Associateship 
who have obtained their training in evening 
classes^ provided that this training has extended 
over at least five years, and that during that time 
they have been engaged in chemical work in the 
day time. In the United States a high standard 
of training for chemists is also required. A Com- 
mittee of the American Chemical Society recently 
leported that -the tr^ning of a professional chemist 
sboidd extend over not less than five years, the 
fiml being devoted chiefly to training in re- 
s^Ch^ This last is a very important provision, 
because success in indufetriai as in htadenik chem- 
istry depends on ability to attack new problems 
and tcK strike out into new lines of thought. There 
has" b^n too great a tendency on the part of 
Brkfsmlfatoed chemists in the past to go straigjit 
ihto wwk§L o? into an ai^iytical laboratory on the 
compls#!^of their mutine course, 
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ing to acquire any experience in research work at 
ail. It is perhaps not unconnected with the high 
standard of training required that chemists in 
America are now commanding higher salaries than 
engineers of equivalent status. 

It IS to be hoped that the Australian Institute 
of Science and Industry, for which, as for so many 
advances in Australian science we are indebted 
largely to the initiative and energy of Prof* Orme 
Masson, may fulfil the purpose for which it was 
originally planned. For in that case xt would 
open up wide fields of employment for Australian 
scientists in general and chemists in particular. 
Just now, however, there seems to be grave dan- 
ger of the usefulness of the Institute being 
seriously hampered by a mixture of political inter- 
ference and political inertia. In other words, it 
will probably ere long be dragged down into the 
dull and spiritless routine of a Sub -Department 
of the Commonwealth Public Service. The free 
spirit of scientific enquiry does not thrive in the 
atmosphere which surrounds the vote-catching 
machine. In any case, at the present intellectual 
level of our Australian Democracy, science could 
hope to catch but few votes. The prospects of the 
Institute maintaining the high level of achieve- 
ment w^hich it has hitherto shown, and becoming 
of permanent service to the country’, like the 
British National Physical Laboratory, or the 
United States Bureau of Standards, are therefore 
growing dim. Already the country is the poorer 
through failure of the powers that be to take 
seriously and to give effect to recommendations 
which the Institute, or rather the Advisory Council 
has made. To cite one example — the question of 
supplies of liquid fuel in Australia is becoming 
desperate. Yet, instead of following up the valu- 
able suggestion of the Advisory Council to utilise 
for the manufacture of industrial alcohol the im- 
mense amount of fermentable material now going 
to waste. It is proposed to spend untold sums in the 
less constructive but more showy and speculative 
enterprise of scratching the countiy for oil, which, 
in the opinion of many geologists, is probably not 
there. Unless the Institute of Science and Indus- 
try is given an autonomous position under scien- 
tific and technical control and free from the | 
strangle-hold of official red tape, any money spent 
on it might as well be thrown away. 

I must claim your indulgence for having dealt 
so long on matters connected with applied chemis- 
try to the exclusion of pure chemistry. My only 
excuse is that the achievements of applied chemis- 
try, especially those connected with the war, 
seemed likely to appeal more strongly to a general 
audience. In reality, however, as eveiy^ chemist 
know’s, the achievements of applied chemistry are 
merely the outcome of the more fundamental dis- 
coveries of pure chemistry, the ultimate source of 
all real advance in applied, as in pure chemistry, 
being the pursuit of chemical discovery^ for its own 
sake. That a realisation of this is growing in 
some technical circles is evident from the valuable 
papers on pure science, emanating from time to 
time from research laboratories belonging to 
manufaaunng firms, of which the General 
^ .America is a notable example. 

A first essential for real advance in technical 
chemistry in Australia is therefore adequate en- 
dowment and equipment for research as well as 
tor teaching of our various university chemical 


departments Much in this direction has already 
been done, and the splendid record of the chemi- 
cal schools of the older Australian universities 
and of the men whom they have trained shows that 
It has been money well spent. But much more 
must be done if we are to hold our own in the 
strenuous timeS ahead of us and contribute our 
proper share to the progress of our science. Hence 
it is sincerely to be hoped that the appeals for 
increased help to meet their ever-growing needs, 
which are being made by the various Australian 
Universities, will meet with a sufficiently generous 
response to justify Australia’s claim to be a pro- 
gressive and intelligent nation. 

The progress in pure chemistiy during the past 
few years has probably been as ei^och-making as 
that "of any previous period. We seem to be 
getting appreciably nearer to the heart of things. 
As has so- often been the case, the most striking 
results have followed from the co-operation of 
chemistiT with other branches of science, and 
above all physics. To attempt to give even 
the most cursory summary of recent discoveries 
in the time now available would be fruitless. Art is 
long, and your patience must be growing short. 
Fortunately as regards one of the most important 
and fundamental problems of chemistry or phy- 
sics, namely, the structure of the atom, the pre- 
sent position IS to be laid before you by abler ex- 
ponents. 

I am afraid that the foregoing remarks have 
been somewhat discursive and fragmentary. Many 
of them have been made before by others, some of 
them many times. However, I have not attempted 
to say anything original, and certainly I have not 
succeeded. But if I have managed to supply my 
fellow chemists with a few reasons in a handy 
form for the faith which is in them, I shall be 
content. 
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Ordinary Meeting^ May 5, 1921. 

Prof, C, S. Sherrington, President, in the Chair. 

The Croonian Lecture was delivered by Dr, 
Henry Head, F.R.S., on Release of Function in 
the Nervous Systemf^ The following is a 
summary : — 

Hughlings Jackson^s law that destuctive lesions 
do- not cause positive effects, but induce a negative 
condition, which permits positive symptoms to 
appear. Control of higher over lower centres. 
Structural lesions may remove this dominance, 
and so reveal the activity of subordinate centres; 
this is ^‘disintegration” of function. Should the 
stimulus become abnormally intense, or central 
resistance be weakened, forms of reaction may 
break through which are normally suppressed; 
this is “escape from control.” 

§ X. Disintegration. — Sherrington’s experimen- 
tal proof of Jackson’s law. Decerebrate rigidity. 
Condition of the lower end of the spinal chord in 
man after division or abolition of conduction. 
The “Mass-Reflex.” Wide receptive field, massive 
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reactiorij facilitation of bladder and rectum. 
Thalamic over-reaction to potentially affective 
stimuli, both painful and pleasurable. 

Vivid response after division of peiipheral 
nerves; not ‘‘hyperaesthesia,’’ for threshold mav be 
high. Due to uncontrolled reaction of the spot 
system. Characteristics of protopathic sensibilit\ ; 
extent of stimulus of greater importance than its 
intensity; a warning mechanism; sensation diffuse 
and referred to remote parts. Excessive reaction 
both to pleasure and pain. Confined to parts 
which respond to pricking, heat, and cold, but not 
to lighter contracts. 

§ 2. Escafe from Control, — Integration of 

afferent impulses and of reflex activities m the 
central nervous system. Many afferent impulses 
never reach consciousness, but cariy’ out co-ordina- 
tion, &c., on reflex levels. Simplest sensory act, 
the product of prolonged integration and of a 
struggle for physiological dominance. Many im- 
pulses capable of arousing sensation are not per- 
mitted to reach the highest centres. 

Visceral insensibility is a phenomenon of synap- 
tic resistance rather than of absence of afferent 
impulses. Double supply of viscera (i) deep 
sensibility, responding to movement and pressure, 
but not to pricking, heat and cold; pain produced 
by excessive pressure or abnormal movement. 
(2) Protopathic, responding to pain, and in some 
organs, such as bladder and a'sophagus, to heat 
and cold. 

Referred pain. Spreads widely owing to in- 
tensity of stimulus, its duration, or to lowered 
central resistance (menstruation, fever, anaemia, 
psychical states). Similar escape from control of 
impulses from other sense organs which have 
been dominated in the acquisition of some new 
aptitude. Rotatory stimuli : adaptation and break- 
down of control in central nervous system during 
aviation. 


ROYAL SOCIETY CONVERSAZIONE. 


The Conversazione was held at Burlington House, 
May II, 1921, with the usual success, and a large 
number of exhibits were shown. A few that are 
likely to be of interest to our readers are noted 
below. An interesting lecture was given by the 
Rev. John Roscoe on the Primitive Races in 
Uganda.^' 

Gravity Torsion Balance. 

This instrument w^as designed by Baron R, 
Eotvds, Professor of Physics at the University of 
Budapest, in orddf Ito determine the variation of 
gravity over comparatively short distances, and to 
make experimental investigations on the form of 
the earth. The instrument has also been used in 
Hungary for the location of mineral deposits' when 
the density of the mineral differed considerably 
from that of the surrounding strata. 

Prof. Onnes, For.Mem.R.S., Sir R. A, Hapfield, 
F.R.S., and Dr. H. R. WOLTJER. Apparatus 
and Specimens used in Research on the In- 
fluence of Low Temperatures on the Magnetic 
Properties of Alloys of Iron with Nickel and 
Manganese. 

A series of iron-manganese and iron-nickel alloys 
were exposed to the temperatures of liquid air, 
liquid hydrogen, and liquid helium respectively. 
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and the specific magnetism tested after letiirn to 
atmospheric temperatures. Tests uere also made 
during immersion in liquid hydrogen ( — 253° C.). 
The alloys ^\ith the higher percentages of man- 
ganese cannot be made magnetic even b> immer- 
sion in liquid helium ( — 260" C ) The existence 
of one magnetic and one non-magnetic manganese- 
iron compound is shoun to be probable 
The Hon, Sir Charles Parsons, F.R.S., and Mr 
Stanlev S. Cook. An attempt to reach high 
instantaneous pressure by the collapse of a 
hollow sphere of lead under external pressiiie 
suddenly applied by explosive. 

The sphere is made up of two hemispheies 
placed together with tisaiie papei bet\\een and 
soldered around the peripheiy of the joint. In 
the cavity is placed the substance to be com- 
pressed. If its final diameter in nuclear form is 
I 200th that of the initial hollow and the pres- 
sure of the explosive 20 tons per square inch, the 
nuclear pressure produced is one million tons. 
The explosive is fired in six places simul- 
taneously. 

Mr. J. E. Barnard. The Microscopic Appear- 
ance of Animal Tissues in Ultra-Violet Light, 

Certain animal tissues show marked differentia- 
tion of structure when illuminated by means of 
ultra-violet light. The image obtained is a 
fluorescent one and the resulting colours or tints 
depend on differences of chemical constitution. 
Such images are often dissimilar from those re- 
sulting from staining reactions. The light filter 
used is glass transparent to ultra-violet radiations, 
approximately 300 to 400 jUju wave length, made 
by Messrs. Chance Brothers. This is combined 
with a quartz cell filled with a 20 per cent solu- 
tion copper sulphate. The optical illuminating 
system is of quartz and the substage quartz con- 
denser is of the *^dark-ground’^ type. Apart from 
the biological interest of the method the image so 
formed is of considerable value for testing the 
optical qualities of microscopic objectives as the 
object so illuminated is a perfectly self-luminous 
one. 

Radiological Branch, Research Department, Royal 
Arsenal, Woolwich. Pinhole photographs of 
the Coolidge Radiator Tube and Photographs 
Illustrating Protection in the X-ray Examina- 
tion of Materials. 

(iT Pinhole photographs illustrating the change 
in shape of the focal spot with current change. 
(2) Photographs illustrating the various parts of 
the target of the above tube which emit X-rays 
under varying conditions. (3) Photographs illus- 
trating X-ray protection when radiographing large 
metal objects. (4) Photographs illustrating port- 
able set designed and made m the Research 
Department, Woolwich, with complete protection 
for visual examination of materials. 

Dr, E. E. PMRmER d^Albe. Latest F orm of 
the Optophone. 

The optophone is an instrument which enables 
totally blind people to read ordinary printed books 
and newspapers. It is based upon the reflection 
of beams of rapidly intermittent light from the^ 
type OB to a selenium preparation, which produces 
sounds ha a telephone varying according to the 
shapes of the letters. The instrument shown 1^ 
kindly lept by the National Institute for. The 
Blind, LoS^n, where it is in daily use. 
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PHYSICAL SOCIETY. 

March 22, 1921. 

Prof. W. Eccles, F.R.S., Vice-Piebident, 
in the Chair. 

The following papers were read : — 

^'The Effect of Vi^coi>ity 07 i Orifice Floiosf' B\ 
Mr. W. N. Bond. 

Determinations were made of the coeliicient of 
discharge through an orifice 0*1460 cm. in diameter 
of solutions of glycerin and uater, varying in 
kinematic viscosity from 0*01 to 7. The results 
are plotted in a manner which combines both 
purely tuibulcnl ^lo^^s in one graph. It is shown 
that the effect of slight viscosity is to inciease the 
coefficient of discharge. 

Discussion, 

Mr. A. S. E. Ackermann said he had made ex- 
periments of a similar character in which the sub- 
stance tested was clay. The clay was packed in a 
box with an orifice of from 3 to 20 mm. diameter 
in the bottom. The space above the clay con- 
tained air, and the pressure was x'aised by means 
of a pump. 

The speaker then diew curves on the board to 
show his mam results. With any paiticular ori- 
fice a certain initial pressure is requiied before any 
clay is forced out. As the pressuie increases the 
rate of the flow becomes more I'apid, and finally 
becomes very rapid indeed. The initial pressures 
and the orifice diameteis were connected by the 
law = 5408 for a clay with 29 per cent watei. 
Similar results are obtained in forcing a disc 
through clay. The speaker mentioned that these 
and other results were given in a paper by him to 
the Society of Engineers, which was at present in 
the press. 

Mr, Bond said the phenomena described bv Mr. 
Ackermann were piobably due to piasticitv, rather 
than viscosity. 

**Viscosiiy of Water and Low Rates of Shear" 
By A. Griffiths, D.Sc., and Constance H 
Griffiths, M.Sc. 

This paper describes the determination of the 
coefficient of viscosity of uater b^ a method in 
\vhich water is forced along glass capillary tubes 
of 1*5 to 2*0 mm. bore at rates of flow i^arying 
from I litre in two years to 1 litre in 24 years. 
The liquid fills a closed tubular circuit which for 
purposes of description may be said to be rect- 
angular in shape. Two of the tubes of the rect- 
angle are horizontal, and two vertical. The cir- 
culation is caused by a difference of density be- 
tween the contents of the two vertical tubes. The 
difference is obtained by having a weak solution of 
uramne in one vertical tube, and pure water in 
the other. 

In Apparatus I. the two vertical tubes are at a 
distance apart, and an allowance has to "fe made 
for the difference of temperature. In Aj^aratus 
II. a modification of the rectangular circuit is 
employed, the vertical tubes are close fogether, 
and no such correction is necessary. ‘^Applying 
temperature correction to the results recorded 
m this paper^^ the value of the co-efficient of vis- 
cosity at i8® is 0*010624 ± 0*000229 (assuming ob- 
servations of equal weight), and 0*0105^ gm./cm. 
sec. from Hosking's formula. Thus there W no 
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I experimental evidence that at the extremely low 
rates of shear (0*0017 to 0*0233 radians/sec.) the 
viscosity of air-free water in glass capillary tubes 
differs from its value at normal rates of shear 
(5000 to 10,000 radians/sec.)*” 

Discussion. 

Dr. Vincent said it w^ould be useful if the same 
apparatus could actually be used for high and 
low rates of shear. It would then be possible to 
find out any minor diffeiences that existed better 
than by comparing results with different 
apparatus. 

Dr. Rankine suggested that there was not much 
.point in giving the results to so many figures. 
With regard tO' Dr. Vincents suggestion it uould 
probably be sufficient if the same capillaries weic 
employed in conjunction w*ith different driving 
apparatus for the different rates of flow, since it 
was in the capillaries that any errors were likely 
to arise. He thought, however, that the evidence 
of the paper was sufficient to show that there is 
no difference in excess o-f i or 2 per cent. This 
result may, of course, only hold for water. 

Mr. W. N. Bond said that for viscosities as high 
as those used by Davidson and Kurt Molin, the 
viscosity changed by 50 to 100 per cent at low rates 
of shear. 

Dr. W. Eccles said that the authors uere to be 
congratulated on having surmounted very con- 
siderable expel imental difficulties, particularly 
those due to temperature variations. Mr. Bond’s 
remark suggests that with more viscous substances 
the range of variable viscosity is reached earlier, 
and this suggests that the author’s next exiieri- 
ments should be with oils. 

Dr, Grifi'ITHs, in reply to Dr. Vincent, said 
that in their experiments of eight years ago, in 
which they had been dealing with low rates of 
shear, though not so low as in the present experi- 
ments, they had for comparibon made measure- 
ments in which the water was driven thiough the 
appaiatiis at ordinary rates. The difference in 
viscosity was less than one-third per cent in that 
case. \\'ith the present apparatus there would be 
no difficulty in geting rates of flow a hundred 
times greater than those dealt with in the paper. 

“A Method of Measuring Frequencies.^'^ By B. 
S. Smith and G. F. Partridge. 

An lieteiodyne method of measuring frequency 
by comparison with a calibrated valve oscillator 
IS described. The calibration is performed by 
means of two valve oscillators capable of giving 
frequencies of, say, looo/sec. upwaxds. The 
frequency of the oscillations is raised alternately 
to give a beat note whose pitch is determined by 
comparison with a fork. Intermediate frequencies 
are found by inteipolation on the calibration curve 
and a,metliod of checking the capacities of the 
oscillator condensers is described. 

For the measurement of acoustic frequencies 
the sounds are converted into alternating currents 
by means of a suitable transmitter. 

Discussion, 

Dr. Vincent said he would like the authois to 
give more detail about the coupling of the middle 
portion of the apparatus with the end parts. The 
authors appeared to have reached the same con- 
clusion as himself that a triple arrangement was 
most suitable for measuring frequency differences. 
Dr. Eccles and he had called attention to a some- 
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uhat similar appax'atus which they had teimed a 
differential wavemeter. The two outer parts 
generated the oscillation and the middle part i*e- 
sunates sufficiently to either of them that you 
could do anything you liked to the middle circuit 
without affecting the capacity, &c. With the old 
arrangements it was necessary for the observer 
to stand in a paiticular position and to abstain 
from making any movement whatever. He had 
only one point of criticism. He thought it was 
desirable to get the electiicity wholesale. A 
different supply should be used for the two cir- 
cuits. It w^as important to use large batteries 
which could be left on for some time to give steady 
conditions. With such precautions h|^ thought it 
would be possible to get an accuracy of 3 01 4 in 
10 million. 

Dr. D. Owen asked to what pui poses the authois 
had actually applied their method. Could it be 
used for calibrating a Galton whistle; w^ould the 
sounds in this case be sufficiently intense for the 
method to be applicable H He presumed the 
authors had determined by it the limit of audi- 
bility. This w^as usually stated to be 40,000 vibra- 
tions per second, but he had found people w’ho 
w’ere deaf above io,ooo. Could the method be 
used to study the overto-iies of a valve set 1 

Prof. Rankine asked if the authors could actually 
let us hear a note of 10,000 frequency. 

Prof. Eccles said theie was often some diffidence 
in confessing to deafness to high notes as the limit 
of audibility was a function of age. 

Dr. Rayner said he presumed the woik had 
been done before the Abraham Block multi- 
vibrator w^as described. 

Mr. Partridge, in reply to the discussion, said 
he had seen Dr, Vincent’s work, but thought he 
w^as principally^ concerned with the measurement 
of inductances. As regards coupling, the middle 
circuit contained the telephone and cijstal recti- 
her in senes with tw^o small secondar>' coils asso- 
ciated with the inductances of the outer circuits; 
tueie wa^ no Laiiing. As regards the electiic 
supply, their reason for using the 220-volt lighting 
circuit was because of its convenience on board 
buip. ill lepii 10 Dr. Ow’en, they had found the 
method very’ useful in determining the frequency 
of heavily dami>ed steel diaphragms. It w’ould be 
possible to use it with a Galton w'histle if some 
means of picking up the sound at such high fre- 
quencies was available. In reply to Dr. Rayner, 
he w’as unaware of the device he had ref ei red to. 

{Mr. Partridge then demonstrated the produc- 
tion of a note of io,ooo frequency. This appeared 
quite loud to mai?L3ff the audience, but was in- 
audible to others). 


SOCIETY OF PUBLIC ANALYSTS. . 
Ordmdiry Meeting^ May 4, 1921. 

Mr. Alfred Smetham, President, in the Chair, 


CERTiFiCATEb weie read for the first time in favour 
of Mr. W. N. Stokoe, B.Sc., A.LC., and J. F. F. 
Rowland. Certificates were read for the second 
time in favour of Messrs. William Ellard Wool- 
cott, and Thomas Henry Pope, B.Sc., F.LC, 

The foflowir^g were elected Membet^^of the 
Society : Messrs. Percy Nicholas Motiidj and 
Walter Joseph Wright, F.I.C. 


The following papers were lead : — 

Detection and Estimation of lllife Mnt Fat 
L sed as a Siibstitute for Cocoa Buttery By 
Francis C. H. Tate and John W. Pooley^ B.Sc., 

A. LC. 

Attention is drawn to the close similarity of the 
various ph} sical constants of cocoa butter and 
illipe nut fat, and the consequent difficulty of de- 
tection and estimation. A method is suggested 
involving the combination into one factor of the 
following constants . Densities at 60°/ 15* 5*^ C. and 
C. ; melting points in ®C. of the fat 
and fatty acids; viscosity at 60 iodine value. 
The combined factor is obtained by multiplying 
together the factors in which the average constant 
for cocoa butter is lower than that for illipe nut 
fat, the product being multiplied by the reciprocal 
of the only constant in which cocoa butter is the 
higher, i.e.^ the iodine value. From the average 
multiple factors thus obtained for the two fats 
the composition of any mixture is calculated For 
approximate estimation wffien only small quanti- 
ties are available, a method is suggested involving 
the use of the melting points of the fat and the 
fatty acids and the iodine value. 

^^Notes and Demonstration on Apparatus for 
Determining Hydrogen Ion Concentrationy B} 
G. W. Monier Williams^ O.B.E., M.C., M.A., 
F.LC. 

The determination of hydiogen ion concentra- 
tion or absolute acidity, by the potentiometer 
method has not come into general use in analytical 
laboratories, chiefly owing to the cost of the elec- 
trical measuring ’instruments w’hich are usually 
considered necessary. Fur woik of the highest 
accuracy such apparatus is indispensable, but it 
is possible, for a very moderate outlay, to obtain 
results com pai able in point of accuracy with ordi- 
nary titration methods. An apparatus of this 
nature was demonstrated, and the theory of the 
method and its application to analytical work 
discussed. 

M Note on the Oil of Oatsy B\ Ernlst Paul, 

B. Sc., A.LC. 

The author examined the petroleum ether ex- 
tract obtained by extraction of whole ground oats 
of the variety ‘‘Black .Tartary.” The extract was 
found to contain some lecithins, and^ analytical 
constants are given the separated oil. 

Estimation of Potassium in Presence of Sodium^ 
Magnesium, Sulphates, and Phosphates y By H. 
Atkinson, B.A., A.LC. 

The method depends upon the relative solubi- 
lity of these salts and the perchlorates of the 
metals in methyi alcohol. Potassium perchlorate 
has a low solubility in the liquid, while the per- 
chlorates^ sulphates, and phosphates of magne- 
sium and sodiuiinr have a sufficiently high solubility 
to make tlie separation possible. Details of pro^ 
cedure given and results of various ^ " 


INSTITUTE OF METALS. ’ 

May on Casting of Metals y By 

Thomas Turner, M.3c., A.R.S.M. ; 

In deali|ig with the subject of ‘‘The 0# 

Metals, on the.occasitHi of the Efleventhl knniTiidi' 
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May Lecture of the Institute of Metals, on May 
4, ig2i, Prof. Turnei stated that all metals have 
to be melted and cast before they are used, and 
that the casting of metals dated back to early 
antiquity. Eveiy gieat nation has produced 
statuary in bronze; and theie is no reason to be- 
lieve that the quality of the older mateiial can- 
not be equalled to-day, while the output has been 
enormously inci eased, and the percentage of 
“wasters’^ reduced. Among the physical proper- 
ties w^hich allow metals to be cast is viscositv, 
which IS vei'y low at temperatuies just above the 
melting po-int, and thus metals can be poured as 
freely as water. Surface tension in metals is higdi, 
and this prevents them from wetting and adhering 
to the mould. The high co-^fhcient of expansion 
of aluminium introduces a special difficulty, and 
leads to fractme during cooling unless proper pre- 
cautions are taken. Gases in non-ferrous metals 
are not so important as with steel, and any metal 
or alloy which does not develop gas by reaction, 
or does not unduly segregate, can be cast in a 
satisfactop^ manner provided^ that a suitable tem- 
perature is employed, that the. mould is properly 
designed and made, and that the-metal is skimmed 
and poured in the right manner.^v.^Pure metals of 
single substances, as a general ru't&^xlDossess the 
same density whether slowly or quickly cooled. 
Those alloys in which there is an interval ■'between 
the liquidus and solidus solidify over a tempera- 
ture range and often expand when slowly copied, 
as for instance, when cast in sand. Extensoniefer 
tests by Prof. Turner and his students have shown- 
the nature and extent of such expansions in a num- 
ber of typical alloys. The results ^ of such tests 
agree with the density determinations, but the 
cxtensometer has the advantage of showing not 
merely the net result, but the sequence and 
amount of each volume change. In practice, one 
of the chief causes of failure is pouring at too 
high or too low a temperature. Other causes in- 
clude such troubles as imperfect or badly fixed 
cores, faults in moulding, cracks, mis-runs or run- 
outs, and breakage in handling. In foundry work 
generally, the losses from all causes probably 
reaches quite lo per cent of the output The 
scientific man may introduce new ideas or pro- 
cesses and explain and remove difficulties. But in 
the end metal-casting is an art, and depends upon 
the skill, attention, and experience of the crafts- 
man, who has acquired a knowledge which he may 
not be able to expi'ess in words, but which it is 
his desiie to be able to impress upon the product 
which is the outcome of his labour. 


OPTICAL SOCIETY. 

At a meeting of the Optical Society held on April 
14, Mr. F. TwymaNj of Messrs. Adam Hilger, 
Ltd,, read a paper on Mw Interferometer for TesU 
ing Camera Letises" 

The Camera Lens Interferometer is an applica- 
tion to camera lens testing of the principles of an 
earlier instrument described in the Phtlosofhical 
Maganine (“Interferometers for the Experimental 
Study of Optical Systems from the Point of View 
of the Wave Theory/' FML Mag,^ January iqi8, 
voL XXXV.); but it differs from the lens interfero- 
meter there described in that the camera lenses can 
be tested for oblique pencils. 


The iubtiument gives aberrations in the form of 
an interference picture (which can be photo- 
graphed), which is a contour map of the aberra- 
tions of wave front expressed in w^ave lengths of 
light in comparison with the wave front of a per- 
fect camera lens. 

A paper on ^^The Testing of Heliograph Mirrors 
and the Measurement of Mirrors of Long Focal 
Lengths C was lead by Mi. W, Shackleton. The 
method of testing the geneial sin face consists in 
observing the reflection from the mirroi of a sys- 
tem of squaies on the test board, the magnifica- 
tion given by the minor being utilised to detei- 
mine the cuivatuie. The method of examina- 
tion is applicable to the rapid measurement of 
mirrors of long focal length especially of those 
forms silvered on the back, cata-dioptric mirrors, 
where the usual methods of measurement, test 
planes, or spherometers are inapplicable. De- 
fects of curvature and distortion, astigmatism, and 
striae in the glass can be detected, and also defects 
of silvering and bad polishing. 


CORRESPONDENCE. 


GALLIUM. 

To the Editor of the Chemical 

their interesting‘-''-^')2jjyer— -,on gallium 
(Chemical News, 1921, cxxn., 17^); 

Richards and S. Boyer state that the hydrogen 
evolved during electrolysis of a solution of crude 
gallium indium alloy gave a mirror in the 
Berzelius-Marsh apparatus, and that this deposit 
on spectroscopic examination showed the germa- 
nium line at A =4033 A.U., and a line at nearly 
x=4os 8, probably due to lead. 

With regard to the line a =4033, the authors 
seem to have overlooked the possibility that this 
line is due to gallium itself. The visible spectrum 
of gallium contains the following lines (Uhler 
and Browning, Avu Jour. Sci.j 1916, xlii., 389; 
Eder and Valenta, “Atlas Typischen Spektren”; 
Dennis and Bridgman, Chemical News, 1919, 
cxviii., 245 et seq. ; Bates, ibid,^ 1920, cxx., 278, 
279, 280, 281): A =3020*61; 4033*18; 4172*23; 

5353’8i; 5359*S; 6396*99; 6413*92 A.U. The line 
at 4033* 18 is remarkably close to that observed by 
Richards and Boyer, the more so as its intensity 
is given as 10 (Bates, loc. cii.). The reason that 
these authors do not attribute this line to gallium 
is probably that they^are unaware of the existence 
of a gallium hydride, which has been described 
by Matignon [Chem. Zeit.^ 1900, xxiv,, 1062; 
Compt, Rend.j 1900, cxxxi., 891; Corrigan, Chemi- 
cal News, 1919, cxix., 274, 275; see also ibid., 
1900, Ixxxii., 303), This compound may have 
been formed by the nascent hydrogen, followed by 
volatilisation, and possibly subsequent decom- 
position of the product. 

A hydride of lead has been described by M. J, 
Bouffort (Joimi. Soc. Chim. Ind,^ IQ09, xxviii., 
U26; see Corrigan, Chemical News, 1919, extx., 
275). — I am, &c., 

E Tomkinson, 

6 , Kitchener Street, 

Barrow-in-Fumess, May 4th, 1931, 
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NOTES. 

Synthetic Resins and Varnishes The Elec- 

trical Research Association is actively interested 
in' furthering the manufacture and use of electrical 
insulating materials made from synthetic resins 
and varnishes, and having the well-known heat- 
resisting characteristics associated with some of 
these materials. Leading manufacturers and 
users of the raw materials and finished products 
are already co-operating. 

The election of the Rt. Hon. J. H. Whitley, 
M.P., as^ Speaker of the House of tl^ommons has 
caused him to have to resign the Joint Presidency 
of the Industrial League and Council, which he 
has held for so long in conjunction with the Rt. 
Hon. G. H. Roberts, M.P. Members and sup- 
porters of the Industrial League and Council will 
be glad to know that Viscount Burnham, C.H., 
has graciously consented to become Joint Presi- 
dent. Viscount Burnham has almost from the in- 
ception of the League and Council taken a keen 
and personal interest in its work. 

Camphor Growing for Queensland. — A method 
of obviating the importation of camphor from 
Japan at high prices is suggested by Mr. E. K. F. 
Swain, Director of Forests in Queensland. He 
advises the conversion of some of the waste lands 
the Queensland coast into mixed forests of 
kaun^and camphor, capable of supplying the en- 
tire camphor requirements of the Commonwealth. 
The soil indicated is peculiarly suitable for both 
trees. The establishment of a forest products 
laboratoiy’ in Queensland is also advocated in 
order to ascertain the best methods of obtaining 
tannic acid from eucalyptus kinos, commercial 
saponins from cupanias, gum arabrc from bau- 
hinias, ^ essential oils from citron-scented gums 
and citron-scented ti-trees, caoutchouc from 
alstonias, starch and vegetable wool from macro- 
zamias, and resin from grass-trees, as well as 
power charcoal and alcohol and other derivatives 
of wood distillation from characteristic Queens- 
land trees. 

Finsbury Technical Colllege The Govern- 

ing Body of the Finsbury Technical College 
announce that the entrance examination for the 
Session 1Q21-22 will^ be held on Tuesday, Sepxcin- 
her 20 next. Applications for admission should 
be forwarded to the, College not later iban Sep 
tember 15, on forms' Vo be obtained from the Regis- 
trar, Leonard Street, City Road, E.C. The pro- 
gramme of the College is under revision, and Avill 
be issued in due course. 

A Pretended Allotropic Form of Lead. — Some 
years ago, Heller noted that compact metallic 
lead, placed in contact with acid solutions of lead 
salts, undergoes a remarkable change after a cer- 
tain time. At first it is invaded by cracks, and 
soon falls to powder, Heller concluded that an 
allotropic form of lead is produced in consequence 
of a phenomenon analogous to the well-known 
transformation of ordinaiy^ tin into grey tin. This 
was confirmed by Cohen and Heldern^an^ who 
studied the phenomenon by aid of the dilatometer. 
There is no chemical reaction, according to them. 


and the allotropic form obtained is denser than 
ordinary lead. Mr. A. Thiel resumed this study 
and subjected the question to a profound critical 
examination, concluding that it is not a case of 
allotropy, but one of chemical action He noted 
that this action only appears when the solution 
contains nitrate of lead, and that a well-known 
chemical phenomenon then occurs; dissolution of 
metallic lead with formation of nitrite of lead. 
There is a more readily attached eutectic between 
the crystals of metallic lead which explains the 
formation of cracks and pulverisation of the 
metal. The arguments of Thiel appear very con- 
vincing and existence of an allotropic form of lead 
should then be rejected. — Revue Gciihale des 
Sciences J Januar\^ 15, 1921. 

Glycol as a Glycerin Substitute. — During the 
war, lactates (perglycerin, percaglycerin) and gly- 
col Avere utilised in Germany as substitutes for 
glycerin. Glycol is prepared from acetylene. It 
has a great resemblance to glycerin; it is more 
volatile and less viscuous. Fusion point — 17*4® 
C. ; boiling point, 197®; density at 0° C., 1*125; 
index of refraction at 20° C., i’4723. Solubility 
in water, alcohol, and ether is perfectly analo- 
gous to that of glycerin. The Deniges reactio>n 
(heating with bromine water, addition, after cool- 
ing, of condensed sulphuric acid and a ^ 50 per 
cent gayacol solution, blue coloration, violet in 
heating), gives a positive result with glycerin and 
glycol, but the latter does not give the Neuberg- 
Mandel reaction (boiling wuth a slightly alkaline 
hypochlorite solution, addition of olein and hydro- 
chloric acid, boiling to violet or green coloura- 
tion). The tAVO substances can also be distin- 
guished by the index of refraction. When this 
constant is < 1*428 it is surely glycol, and when 
> 1*464 glycerin . — Maiieres Grasses j February 

IS, 1921. 


NOTES AND QUERIES, 

A correspondent wishes to knoAv of a process for 
recovering tin from tin scrap, and where plant for 
such purpose can be obtained. 



This List is specially compiled for the Chemical Neu>s by Messrs. 

Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 

London, W.C.2., from whom all information relating to Patents, 

Trade Marks and Designs can be obtained gratuitously, 

Paleni Applicatiom. 

12461— Amend, O. P.— Refining petroleum distillates. April 30th. 

12347— Ashoroft, E A —Precipitating precious metals from cyanide 
* solutions, April 29th. 

r2i37-_Boofman, H. G. T.— Treatment of mferates for fertilizers, 
etc. April 27th, 

12146— Brightmore, J.— Fixation of atmospheric nitrogen, April 
27th 

12129— Burgess, L.— Process of reducing alummium oxide. Aprp 
aythf ^ 

Spectfication published this Week. 

162026— Eln^oi»* F. E,— Treatment of argentiferous lead-zinc 
sulimMe ores. 
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Abstract Published this Weekn 

Alumina; Aluminium Chlondes — Mr, S. E. Sieunn, SE of 
Hoganos, Sweden, has been granted a Patent No, 15^86, in this 
country for an improved process of obtaining alumina by the 
calcination of crystals of aluminium chloride obtained by saturating 
a hydrochloric-acid solution of aluminous material with gaseous 
hydrochloric acid, the mother liquor is displaced from contact with 
tne crystals by means of a concentrated solution of aluminium 
chloride, before they are removed from the saturation vessel. After 
the precipitation of the crystals, the aluminium chloride solution is 
passed from below into the vessel containing the crystals, which 
latter together wi^h the aUiraimum*chU ride solution, are withdrawn 
from the bottom and separated, for example, by means of centri- 
fugal action. The hydrochloric acid is recovered f rom the displaced 
mother liquor by distilling with sulphuric acid and is used for 
precipitating the aluminium chloride, or is dissolved in water for the 
dissolution of fresh aluminous material The sulphuric acid is 
concentrated for re-use and may be periodically freed fiom iron 
sulphate which is present as impurity, by cooling. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 

MEETINGS FOR THE WEEK 


Tuesday f May 24. 

Royal Institution, 3. “Occultism — Its Origin and Development” 
by Edward Clodd. 

Wednesday, May 25. 

Royal Society of Arts, 4.30. 

Society of Chemical Industry, 7. (At Nottingham). 

Institution of Electrical Engineers, 6. (Wireless Section). 
Discussion on “Long Distance Wireless Transmission” 
opened by Mr, C, F Elwell. 

Thursday, May 26, 

Royal Institution, 3^. “ The Architecture and Art of Hampton Courj 
Palace” by Ernest Law. 

Institution of Electrical Engineers, 6. 

P'riday, May 27. 

Royal Institution, 9. “ Elasticity ” by A. Mallock, 

Royal Society of Arts, 4.30, 

Physical Society, 5. 

Saturday, May 28. 

Royallnstituhon, 3, “ Gnosticism and the Science of Religions” 
by F. Legge. 


NOTICES. 

EDITORIAL.” All Literary communications and Books, Chemical 
Apparatus, &c , for review or notice to be addressed to the 
Editor. 

SUB3CRIPTI0KS, 12s. per annum, payable in advance, should 
be addressed to the Manager 

BACK NUMBERS and VOLUMES can be purchased on applicatio 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E C 4. 

ADVERTISEMENTS* 

All communlcaiions for this Department should be ad- 
dresaed tO” 

T. G. SCOTT & SON, 

63, Ludgatb Hill, London, E C 4. 


'PHE Proprietors of the Patent No. 138924 

J- for 

TREATING ZINC OXIDE 

are desirous of entering into arrangements by way of licence anc 
otherwise on reasonable terms for the purpose of exploiting the 
same and ensuring its full development and practical working ir 
this country. All communications should be addressed in the nrsi 
instance to 

HASELTINE, LAKE & Co., Chartered Patent Agents, 

28, Southampton Buildings, Chancery Lane, London, W.C. 


T/OUNG Man (20); Inter. B.Sc. seeks change; 

1 3 years experience fine chemical manufacture; first class 

analyst , highest references; moderate salary. Box 833, T. G 
Scott & Son, 63, Ludgate Hill, London, E.C.4 


PATENTS, TRADE MARKS, Handbooli 

^ and advice free—B T. King, British and U. $. Regd. Paten 
Attorney, 146a, Queen Victoria St., London. 35 years ref erenc< 


BACK NU MBERS AND VO LUMES. 

W E have For Sale a limited number of the Earlier Volumes and Numbers 
of the CHEMICAL NEWS, and are prepared to supply orders at th« 
following rates, carriage extra (subject to the Volumes or Numbers being in stocl 
at the date when the order is received):— 

PRICES FOR SINGLE VOLUMES. 

s d £ s d. 

Volumes I to 48 Bound 390 each Unbound 360 each 
« 49 »» „ 2 16 0 „ „ 2 13 0 „ 

» 89 o h6 „ I 10 0 „ „ 170,, 

117 „ 2 10 O „ „ out of print 

)t ^^8 ff 2 0 0 „ „ I 16 0 ,, 

„ 119 to 121 „ 0 16 o „ „ 0 13 o „ 

SINGLE NUMBERS. 

1S60 to 1883 incluave 26 each 

1884 1903 „ 2 o „ 

1904 to 1918* „ I o „ 

*1919 and onwards 0 6 „ 

♦Various numbers, parts of Vols, iiy and ii8 (1918/19) are oniy on sale at 2s. 6d. each. 

THE GENERAL INDEX to VOLS. I to 100 can still be purchased at £i (Carriage Extra). 

All communications should be addressed to the Manager, CHEMICAL NEWS, 

97 , Shoe Lane, London, E.C. 4 . 


1860—1883 

1884—1903 

1904—1918 

1918 

1919 

1919— 1920 
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THE CHEMICAL NEWS. 

VOL. CXXII.. No. 3189, 


THE METALLIC HYDRIDES AND THE 

lCtion of hydrogen on the metals. 

By E. TOMKINSON, 

Part I. — The Metals of the Alkaline Earths. 

The above phenomena have been aptly sum- 
narised by J. F. Corrigan in a recent paper 
Chemical News, ioiQ) cxix., 259, 273). It is the 
)urpose of this paper to give an account of the 
lydrides of the alkaline earth metals, and to 
lirect attention to certain of their applications. 

Phenomena due to absorption of hydrogen, and 
in some cases) to formation of hydrides are of 
tiuch more frequent occurrence than might at 
irst thought be realised. Thus we have the cry- 
tallisation and sublimation of certain metals on 
leating in hydrogen, the absorption of gases (prin- 
ipally hydrogen) in X-ray, vacuum, and spectro- 
copic tubes; the anomalies experienced in the 
pectra of metals in a hydrogen atmosphere ; cer- 
ain reactions in iron and steel manufacture; the 
idsorption theory of catalysis, and hydrogen over- 
voltage. 

These phenomena will be dealt with in subse- 
luent papers, and in connection with the metals 
ralcium, barium, and strontium, we may consider 
he absorption of gases having a practical appli- j 
ration, viz,, in Soddy’s vacuum furnace Calcium, 
larium, and strontium, all combine with hydro- 
gen on heating, forming solid hydrides of the 
general formula RH^ (H. Moissan, Btdl. Soc. 
^hhn.j iSqo, (3), xxi., 876; Guntz., Comft, Rend..^ 
[Qoi, cxxxiii., 1209), in which the elements ‘ ex- ' 
libit their normal valencies. 

Calcium and Hydrogen, 

Metallic calcium, on heating, absoi'bs all gases 
jxcept the inert monatomic gases. This property 
las been used in Soddy’s vacuum furnace (F, 
3oddy, Proc. Roy. Soc., 1907, Ixxviii., A, 429 j E. 
3.^ C. Baly, ''Spectroscopy,” ppiS, pp. 433-435’, W. 
VV. Coblentz,i5wZL U.S. Bureau of Standards ^ 1914, 
ici., 186-187; see also Sir W. Crookes, CHEMICAL 
Mews, 1919, cxix., 47) in which heated calcium is 
ased to separate all the gases which are chemically 
t^alent, leaving only the inert gases, whose spectra 
ire easily recognisable. If the latter are absent, 
in almost perfect vacuum is obtained. In this 
operation it is important not^to heat the calcium 
too strongly, as, if this is done, the calcium hy- 
dride, nitride, &c., formed at a lower temperature, 
will be dissociated. Coblentz [loc. cii.^ p. i86) 
found that combination between calcium and 
nitrogen, hydrogen, &c., took place at above 300“ 
C. This investigator also noticed that by the de.- 
composition of the hydride feumed, the calcium 
may be sublimed up the sides of the tube in which 
it is heated, which phenomenon is known to occur 
with metals whose hydrides have not been isolated 
(e.g.j nickel). The idea nse of cakium as 


an evacuator was a result of the work of Moissan 
(Com'pt. Rend.^ cxxvii., 29, 497, 584*1 1898, 

cxxix., 1757), and of Arndt {Ber.j 1904, xxxyii., 
4733)* Moissan used calcium to absorb the nitro- 
gen and traces of hydrogen which are always pre- 
sent if a mixture of lime and magnesium powder 
has been used in the preliminary treatment of air 
for the isolation of the rare gases, and he used 
this method in his estimation of the argo-n con- 
tained in the air (finding it to be 0*93 1-0-938 per 
cent — see Comit. Rend.^ 1Q03). 

The Spectrum of Calcium in Hydrogen. — ^As a 
result of an investigation of the arc spectrum of 
magnesium in hydrogen, Fowler concluded that 
the spectrum observed under these conditions is 
that of magnesium hydride. A similar investiga- 
tion was undertaken for the case of calcium by 
Olmsted (Astrofhys. Jour.^ 1908, xxvii., 66), who 
found two main groups of bands extending from 

^ —6404 A.U. to X =6367 A.U. This spectrum is 
probably due to calcium hydride. The subject has 
been recently investigated by King, (A. S. King, 
Astrofhys. Journ.^ June, 1916) who confirms Olm- 
sted’s view. It may be mentioned as a 
general rule, that compounds always give band 
spectra, which are emitted by molecules, whilst 
line spectra are emitted by atoms. (Note. — Some 
elements give band spectra with feeble excitation, 
but line spectra with a sufficiently intense dis- 
charge, as also do monatomic elements. The 
banded spectrum, due to calcium hydride is at 
a maximum between 1900'* and 2200® C. The 
hydride would be almost completely dissociated 
at these temperatures (Gautier, Comft. Rend., 
1902, states that the alkaline earth metal hydrides 
are strongly dissociated at 600° C.), but it is as 
well to remember that (i) the hydrides may be- 
come stable at these temperatuijes ; (2) the dis- 
sociation may be modified by the electrical condi- 
tions; and (3) a very small quantity of the hy- 
dride would give the spectrum in question. This 
question is also of interest in connection with the 
temperature of stars of the Antares type (Anta- 
rian bands), for the presence of the banded spectra 
of titanium oxide and magnesium and calcium 
hydrides in their spectra would go to show that 
their temperatures may. be relatively low. On 
heating calcium in hydrogen, it takes fire and 
burns energetically, forming CaHj (Moissan). 

It is of further interest to note that W. N. 
Hartley [Proc. Roy. Soc.-Dz€hlin^ found cer- 
tain curious effects in the sjiectrum of calcium in 
hydrogen (without a jar in circuit), finding bands 
in tEe orange and red. He found that at pressures 
of less than 5 mm., nq distinct spark occurred,, but 
there were 'E right stationary spots of white light 
on the negative electrode, which were less bright 
on the positive electrode, not in one spot, but all 
over it.” Hartley cjoncluded that the phenomena 
were connected with the discharge of electricity 
from lt>t calcium and^from hot lime described by 
F, Horton [Proc. Roy^ 1907). It seems to me 
that all the observations were due to the spectrum 
of calcium hydride, for the spectra were banded, 
and the light emission at the electrodes may well 
have been due to combination between the calcium 
ahd^ hydrogen. The question will be again dis- 
cussed when we con^der platinumt. ' ' 

The Technical Pr 0 arMion of Calciu7i% RkydrUf 
and its use %fat the Gyration of Hydrogen for 
Aeronautical Purfoso 0 ^\i^ product 
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is known as “hydrohth,” and is of some technical 
importance j especially for the rapid generation of 
hydrogen, thus: CaHa+2HaO = Ca(OH)a+2Ha, the 
amount of hydrogen evolved, of course, being 
double that combined as CaHg. This method of 
generating hydrogen has, o-n account of its ex- 
treme rapidity, been adopted by the French army 
for the filling of dirigibles. Although its cost 
prohibits the widespread use of this method, yet, 
as pointed out by Fournois (A. Fournois, “La 
Fabrication de Fhydrogene pour le gonfleraent des 
Ballons,'^ Revue Generate des Sciences -pures et 
Appliques, June 15, iQiSj xxvi., 339), the cheap- 
ness with which the material can be transported 
as compared with the cost of transport of cylinders 
of hydrogen more than compensates for its origi- 
nal cost. In igis, according to Fournois, the 
total cost of an outfit for 50,000 cm. was only 
about one-third of that of hydrogen in cylinders; 
one vehicle sufficing for transporting the hydrolith 
plant, as against tyelve for gas cylinders. A 
vehicle carrying six generators gives an output of 
500 cubic metres per hour. The cost of the 
material was then s francs per kgrm.,, but there 
appears to be no demand for the substance in this 
country at present; at least, I have not been able 
to procure any. 

The method for the manufacture of calcium 
hydride fo-r the above purpose was patented by 
G. F. Jaubert in 1902 (French Patent 327,878). The 
hydrogen required for this purpose is obtained as 
a bye-product in several operations; for'example, 
in the electrolytic production of soda from brine^ 
and it is very necessary that it be pure. Oxygen 
as an impurity may give rise to explosions and 
causes the formation of CaO. The presence of 
oxygen may be avoided initially by the introduc- 
tion of pierced metallic or asbestos diaphragms 
between the electrodes. If the hydrogen is pro- 
duced by electrolysis of water, the oxygen may 
be absorbed by a mass of liquid zinc amalgam (in 
this connection, see Amer. Chefn. Jour., 1897, xix., 
810; “Industrial Chemistry,” Martin, 1918, In- 
organic I., pp 114-115; and Thorpe, “Diet. App. 
Chem.,” 1913, iii., 60). The hydrogen in as nearly 
pure condition as practicable, is then passed over 
the calcium contained in an iron tube heated in 
an electric furnace. 

In a later modification of this method, 
horizontal iron retorts filled with hydrogen are 
used in place of the above-mentioned iron tube 
(Jaubert, Comptes Rendtis, 1906, cxlii., 788). 
Thus manufactured, the product contains 90 per 
cent CaHj, and i kgrm., on treatment with water, 
‘yields a cubic metre of hydrogen, which is free 
from ammonia and acetylene (J. Prats-Aymerich, 
Ayial^ Fis, Quim., 1907, v., 173). The 10 per cent 
impurity is chiefly lime and calcium nitride. 
According to Jaubert (loc. cit,\^ the CaHj was 
already in use in 1906 as a means of hydrogen 
generation for aeronautics. 

Laboratory Preparation of Calcium Hydride, 
— Metallic calcium, contained in nickel boats, is 
placed in a glass tube having one end sealed and 
hydrogen at a pressure of 4-5 cm. of mercury is 
passed in, the tube and its contents being heated 
to redness; the temperature, however, being kept 
low enough to prohibit any combination between 
the calcium and the nickel (Thorpe, “Diet. App. 
Chem.," 1913, i., 599). 


properties of Calcium Hydride, — When pre- 
pared in a pure condition, calcium hydride forms 
a fused mass of slender transparent plates, of 
specific gravity = 1*7, and stable in vacuo at 600°. 
On heating in air or oxygen, calcium hydride 
burns brilhanth" — thus CaHa-f'02 = Ca0+H30. 

It is attacked by phosphorus^ the halogens, and 
sulphur on heating (Moissan, Comptes Rendus^ 
iSgy, cxxvii., 29), and decomposes alcohol In 
most of its reactions, calcium hydride acts as a 
violent reducing agent, the exceptions being in 
some organic reactions, where condensation 
generally ensues. 

Calcium hydride reduces many metallic oxides 
very easily (F. M. Perkin and L. Pratt, Trans, 
Faraday Soc., 1907). Cupric oxide is especially 
easily reduced : 2Cu0+CaH2 = Ca0-l-2Cu+H20, 
this occurring by the use of a match. Pyrolusite, 
tinstone, and hematite are readily reduced, but the 
mass must be heated in a furnace or the reaction 
started by means of a fuse. Zinc oxide is unre- 
duced. Wolframite and rutile react with diffi- 
culty, whilst lead and antimony sulphides are 
readily reduced. Boron can be prepared from 
boric anhydride or from borax, and small quanti- 
ties of silicon can be made from silica. It is to 
be noted that although wolframite is reduced with 
difficulty by calcium hydride, yet this is easily 
accomplished by metallic calcium. 

Owing to the conflicting stateinents regarding 
certain reactions of calcium hydride, the subject 
has been recently re-examined by Reich and Ser- 
pek {Helv. Chun, Acta, 1920, lii., 138), A 13*2 
per cent yield of formic acid is obtained by gently 
heating a mixture of calcium hydride with 'sodrcrffi 
carbonate or bicarbonate. According to these 
authors, only a small amount of ammonia is pro- 
duced by the interaction of calcium hydride and 
nitrogen at 500°, the mam reaction resulting in 
the formation of calcium nitride and hydrogen. 
Of course, the nitride could be decomposed by 
water (or steam), but this would certainly not be 
a commercial success, for then the calcium nitride 
could be made by the direct union of its elements, 
which however, Is far too expensive. 

3CaH2-l-N2 = CaaN2+3H2 
Ca 3 N 3 + 6 H 30 = 2NH,+3Ca(0H)3 

This result does not agree at all with that of 
Kayser French Pat^t, 350,966; see CHEMICAL 
News, 1920, exxi., 177), who states that the re- 
actions are • — 

3CaH2-l-2N2 = CasN2-f 2NH3 
Ca3N3-{-6H2=3CaH3-|-2NH3 

in which the only material continual lly required 
is nitrogen. A further quantity of ammonia is 
available in the CaaN^ (above). Moissan [Compt. 
Rend,, 1898, cxxvii., 29) stated that nitrogen had 
no effect on calcium hydride. It seems probable 
that a catalytical effect occurs, as is the case in 
the absorption of nitrogen by calcium carbide to 
give cyanamide Calcium hydride reduces car- 
bonic oxide at a dull red heat with formation of 
methane, hydrogen, and formaldehyde (the latter 
with 16 per cent of CO). 

Organic Reactions of Calcium Hydride (Reich 
and Serpek, loc, ciL). — ^Acetone reacts with cal- 
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cium hydride forming mesityl oxide (b.p. 128- 
J30®) and 

O 

Me.C ( .CHMe, 


CH.Me,.C CMe 



a substance of the annexed formula (b.p. 226°- 
231°). 

With acetophenone, CsHa.CO.CHj, at 240 , con- 
densation products are formed. By reaction with 
quinoline, C9H7N, there is formed at 220®, - 

diqumolyl^ consisting of needles, m.p. 190°. 

Pyridine, at 160-165®, yields a little of a cry- 
stalline substance which is not apparently identi- 
cal with any known dipyridyl (m.p. 54-56®). No 
action occurs at vario>us temperatures between cal- 
cium hydride and ethyl acetate, nitrobenzene, 
anthraquinone, and other compounds. 

On adding calcium hydride to a solution of 
ferric chloride in ether, a brown precipitate is 
produced, of the composition Ca3FeCls(C4HioO)3, 
soluble in water to an acid solution. Reich and 
Serpek conclude that in organic reactions, calcium 
hydride acts as a reducing agent only at very high 
temperatures, and that its use for hydrogenaiton 
is very limited, especially as it generally leads to 
condensations. 

It is probable that more satisfactory results 
would be obtained by the use of catalysts, such as 
are employed in modern processes for the hydro- 
genation of oils. 

It was proposed by Ebler [Zeit, angew. Chem,^ 
xxviii., 25) to utilise calcium hydride alone or in 
conjunction with calcium carbide, in reducing 
mixed barium-radium sulphates to the sulphides 
(the mixture containing CaSO^, PbS04, BaSO*, 
FeS04, and 0*35 mg. radium metal per kg.) ;the re- 
actions being MS04+4CaH2 = MS-h4Ca0-l-Ha^ — (i) 
or MS04+4CaCa=4CaO-l-MS-f 8C — (2), reaction 
(i) occuring spontaneously, giving a reduction of 
75 per cent in the low-grade material and 80*5 per 
cent in the high grade. 

With low-grade sulphate, three parts of calcium 
hydride and one of calcium carbide effected a 64 
per cent reduction, whilst high-grade sulphate 
ivith one part hydride to two parts carbide gave a 
60 per cent reduction. But although the reactions 
with calcium hydride and carbide are spontaneo-us 
the cost of the latter is prohibitive (see U.S. 
Bureau of Mines, Bull, 104, 1916, pp. 71-72). 

The successful commercial utilisation of calcium 
hydride will depend in a great measure on the | 
cost of the metal* The production of metallic 
calcium in quantity is a very difficult operation, 
and the present position is ^shown in a paper by 
P. H. Brace (“Some Notes on Calcium” — Paper 
read before the Institute o-f Metals,” March, 1921; 
Engineering^ March 11, 1921, vol. cxi.). 

Barium and Hydrogen, 

Barium and hydrogen combine readily on heat- 
ing, with formation of barium hydride, BaH* 
Guntz, {Comfit Rend,^ iQOi), the existence of 
which was first investigated by Winkler. It is 
remarkably stable, and can be slowly sublimed in 


a current of hydrogen at 1400® without decomposi- 
tion. 

On heating barium hydride in a current of nitro- 
gen at a high temperature, it is converted into 
barium nitride, BagNa (Guntz). Barium hydride 
possesses the cunous property of still further 
absorbing hydrogen, but no definite hydride higher 
than BaHg is formed (Henri Gautier, Cornet. 
Re 7 td,^ 1902). This phenomenon probably occurs 
w'ith palladium, copper, and other metals. 

Strontium and Hydroge^i. 

Strontimn hydride^ SrHa. This compound has 
been investigated by Guntz {Comft, Rend.j 1901, 
cxxxui , 1209; cxxxiv., 838) and also by Gautier 
{Compt, Rend.j 1901, cxxxiv., 100, 1108). Its 
chemical behaviour generally resembles that of 
calcium hydride, and is decomposed by water in a 
similar manner. SrH3-l-2H20 = Sr(0H)3-l-2H2. 

Strontium hydride is prepared by heating stron- 
tium (prepared by electrolysis of an aqueous solu- 
tion of strontium chloride with a mercury cathode, 
and subsequently volatilising the mercury by 
cautious heating), strontium amalgam, an alloy 
of strontium with 50 per cent of copper, or one 
with 55 per cent of cadmium, to a dull red heat 
in hydrogen, which, in the case of the alloys, is 
sloivly absorbed and the Cd or Cu volatilises. 
Towards the end of the operation, the tempera- 
ture is raised until the mass fuses, wffiich occurs 
at a red heat. On being more strongly heated, it 
decomposes, its dissociation pressure being 100 
mm. at 1000® C. 

Like barium hydride, strontium hydride can 
absorb more hydrogen. 

In conclusion, I think that it has been shown 
that the hydrides described are well worthy of 
further investigation, which I hope to make in the 
near future* 

6 , Kitchener Street, 

Walney, Barrow-in-Furness. 

15th April, 1921. 


A NEW METHOD FOR THE DETECTION 
AND ESTIMATION OF COBALT. 

By S. A. BRALEY and F. B. HOBART. 

It was noted by one of us when testing for nickel 
with dimethylglyoxime a brown solution always 
lesulted when cobalt was present in the solution* 
This study was undertaken to determine whether 
this was a specific property of cobalt that might 
be used as a definite qualitative test and possible 
colorimetric quantitative method for estimating 
small amounts of the element. 

Bottger states that “cobalt salts give with di- 
methylglyoxime a brown - coloured compound” 
(Bottger, “Qualitative Analysis,” 2nd Ed., p. 212). 
Treadwell-Hall and Mellor both state that when 
determining nickel with dimethylglyoxime not 
more than o* 1000 grm, of cobalt should be present 
in 100 cc. of solution, but give no explanation 
(Tread-well-Hall, “Analytical Chemistry,” 3rd 
Ed., 1913, ii., 130; Mellor, “Treatise on Quanti- 
tative Inorganic Analysis,” 1913, p. 394), 

Tschugaev discusses complexes of cobalt and 
dimethylglyoxime with pyridine and ammonia 
(Tschugaev, /. Chem. Soc,^ 1914, cv., 2187I, and 
Matsui gives a te§t for cobalt using dimethyl- 
glyoxime and ammonium polysulphide (Matsui, 
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” Table 1,— Showing Result of Adding NaCJifi^ or NHfiH and Dimethyl glyoxmie Solution to Some 

Metallic Solutions in Very Dilute Acid. 

Colour m NaCgHgOa or On addition of 

Metal. NH^OH solution. dimethylgly oxime. 

Nickel No colour Red precipitate 

Iron, ferrous Green solution or precipitate Light red solution or precipitate 

Ferric Red solution or brown precipitate Darkens giving red solution or precipiatte 

Copper, cuprous Blue to green solution or precipi- 
tate Dark green to brown solution 

Cupric Dark green solution or precipitate Brown solution or precipitate 

Cobalt No colour Brown solution or precipitate 


/. Tokyo Chem. Soc., igiS, xxxix., 459). In no 
case, however, is mention made that the brown 
colour of cobalt dimethylglyoxime solution might 
be used as a qualitative test. 

Materials, 

Kahlbaum’s cobalt and nickel carbonates (“nickel 
free” and “cobalt-free”, respectively) were care- 
fully tested for impurities and used for all tests. 

Experimental. 

Qualitati've Considerations. — It was first neces- 
sary to determine what metals give coloured solu- 
tions with dimethylglyoxime under the conditions 
of the nickel precipitation. The following table 
shows the results of the test in solutions contain- 
ing about o'os mg. of the metal per cc. 

If,. however, mineral acid be added to any of the 
above solutions the colour of the metal in that 
particular acid prevails except in the case^ of co- 
balt in which the brown colouration remains, its 
intensity decreasing somewhat on the addition of 
the acid but depending principally upon the quan- 
tity of cobalt present. A solution containing 
o'ooos nag. per cc. presents a very distinct colour. 
Considerable quantities of- iron or copper, of 
course, mask the colour, but in the regular quali- 
tative schenSe these elements are removed and the 
filtrate resulting from the nickel confirmation 
gives the test directly, it being necessary only to 
acidify with mineral acid in order to exclude the 
possibility of ^e colour being due to slight con- 
tamination with the previously-mentioned ele- 
ments. 

Quantitative Considerations.-— h. Dubosq dipping 
colourimeter was used for all colourimetric com- 
parisons. 

The first procedure was to treat a solution of 
cobalt chloride according to the procedure for the 
deterrnination of nickel with dimethylglyoxime as 
given in Tread well-PIall with slight modi- 

fication. On acidifying the resulting solution with 
hydrochloric acid it was found that the colour was 
not^ siificiently constant for a quantitative com- 
parison, although it works very well for a quali- 
tative test. - Acetic acid was then substituted for 
the hydrochloric acid, thus decreasing the hydro- 
gen-ion c<mcentration, when much better results 
were obtained- To reduce the hydrogen-ion con- 
centration further sodium acetate was added to the 
slightly acid solution. 

The actual method used was as follows. The 
cobalt, or cobalt and nickel, solution prepared as 
for the determination of nickel was slightly acidi- 
fied and 10 per cent sodium acetate added until the 
solution was practically neutral, heated to boiling 
and dimethylglyoxime added in excess. (If 
nickel was present it was filtered off at this point.) 


The solution was then allowed to cool slowly and 
when cold comparisins weie made between solu- 
tions of different strengths as standaxds. Because 
of the possible effect of excess of the dimethyl- 
gl\ oxime reagent or of sodium acetate these were 
alternately made the variable in several test solu- 
tions. Excess of sodium acetate had no effect on 
the accuracy while a large excess of the glyoxime 
reagent decreased the accuracy. This should make 
no difference in the determination, however, as 
the amount of dimethylglyoxime added in a nickel 
determination is based on the approximate total 
percentage of nickel and cobalt present, and hence 
a large excess of the reagent would never be 
present. 

To show the accuracy of the results in an actual 
determination mixed solutions of nickel and cobalt 
were prepared and analysed m this w^ay; the re- 
sults are given in Table II. 

Table 11. 

Dimethylglyoxime 

added 

11% solution). 

Ni present Ni found Co pres nt. Cc, Co found. 

0*0468 0*04664 0*00862 30 0*00822 

0*0468 0*04657 0*00863 30 0*00822 

0*0468 0*04662 0*00431 30 0*00383 

Solution and washings diluted to 100 cc. *, com- 
parisons made with cobalt solutions containing 
0*00431 g. of Co and 5 cc. of dimethylglyoxime 
reagent in 100 cc. 

Many other results on other concentrations of 
the salts gave data comparable with, the above. 

While the method gives very go-od results for 
small amounts of cobalt in the presence of much 
larger amounts of nickel some points should be 
kept in mind. The solution or filtrate should be 
allowed to cool slowly as the intensity of colour 
seems to vary slightly with the rate of cooling and 
in the sodium acetate solution copper and iron 
must of course be absent. 

Summary. 

I It has been found that dimethylglyoxime 
always gives a brown-colouied solution with cobalt 
which does not disappear upon the addition of 
mineral acids as does the colour of other metal 
glyoximes, and hence can be used as a sensitive 
qualitative test for cobalt, in the absence of such 
interfering substances as copper and iro-n. 

2, In the absence of the elements which give 
coloured solutions or precipitates with sodium 
acetate or dimethylglyoxime (with the exception of — 
nickel) the brown colour of cobalt dimethylgly- 
oxime is proportional to the concentration, and 
hence can be used as a colourimetric method for 
this element, when the solution is prepared by 
use of acetic acid and sodium acetate. — Jourtial of 
the American Chemical Society^ March, 1921. 
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THE PREPARATION OF CATGUT. 

By Major F J. W. PORTER, D.S.O., R.A.M.C.rtd., Bombay. 

Many years ago the preparation of catgut by 
means of iodine was hailed with satisfaction by 
the majority of surgeons, for it was undoubtedly 
a great improvement on the unsatisfactory 
methods then in use. It soon became obvious 
that the catgut^ prepared in this way becomes 
brittle after a time and it cannot be stored for 
long periods. For a good many years I have 
abandoned this method and the catgut prepared 
with biniodide of mercury has proved so satisfac- 
tory^ that I venture to bring it to the notice of 
those who may still be struggling with the iodine 
px'epared material. 

Very’ reliable catguts are now put up by various 
makers, but for hospitals or for surgeons who do 
a good deal of private pi:actice, the cost is 
prohibitive. 

I purchase Hartman’s fat-free catgut in hanks 
which contain a dozen strands each about six feet 
in length. Each strand is coiled round the fingers 
into a small circle, which is held in position by 
winding a few turns of the end of the gut round 
the coil so as to keep it from becoming undone, 
i usually prepare about a dozen hanks at a time. 

The coiled strands are put into a wide mouth 
bottle of about 1002. capacity, and into it is poured 
enough distilled water in which two soloids of 
biniodide have been dissolved, so as to completely 
cover the gut. The solution is about i in 250. 

The catgut swells up, and the watery biniodide 
penetrates into the interior and kills any spores 
which may be lurking there. The importance of 
this is obvious when one knows of cases of tetanus 
which have undoubtedly occurred from germs set 
free from the interior of catgut after the outer 
layers have been absorbed, 

Binic^ide of mercury is one of the most power- 
ful antiseptics we possess, as the following table 
will show : — 

Thymol .. i in 83 

Boric acid i ,, 140 

-Carbolic acid ... i ,, 333 

40 per cent Formaldehyde i ,, io,oco 
Hydrogen peroxide i ,, 20,000 
Mercuric chloride i ,, 14,300 
Mercuric iodide i ,, 40,000 

The gut is allowed to remain in this watery^ 
solution for three days. 

The water is then poured off and about 3 or 
40Z. of methylated spirit added to the catgut which 
is well shaken up. This causes a certain amount 
of dehydration. 

This spirit is then removed and the bottle filled 
with methylated spirit in which two more soloids 
have been dissolved. 

The material is ready for use after seven 
days, and it may be stored in the solution for 
years without deterioration. I wind it on glass 
reels according to size, and knot each strand to 
the next. The reel is kept in a wide-mouth liga- 
ture bottle, from which it is cut off in the required 
lengths at operations. 

The gut is impregnated ^ith a powerful anti- 
septic which does mot a]?pear to irritate the tissues. 
It is hard, but very pliable, and any slight acci- 
dental infection by the fingers in the act of usi^g 
it may confidently be expected to be dealt with by 


the large amount of antiseptic which exists on 
the surface of the gut. 

The strength of No. i catgut prepared in this 
manner must be seen to be realised, and this size 
is quite strong enough for the ligature of^ any 
vessel which may be encountered in an ordinary 
incision in any part of the body. It is of course 
obvious that the finer the gut which can be used 
for this purpose, the better the result will be. 

If a more lasting gut be desired, it may be pre- 
pared in the following manner. Take some coils 
of catgut prepared as described above, and put 
them in a wide-mouth bottle. Fill it with dis- 
tilled water and shake for a few minutes so as to 
remove some of the spirit from the outer layer of 
the gut. Pour this off and add distilled water to* 
which a little formalin has been added. Leave 
it soaking in this for two days or longer if more 
durable catgut is desired. At the end of this time 
pour off the formalin solution, dehydrate with a 
little spirit, and then fill the bottle with 
methylated spirit in which biniodide has been dis- 
solved m the strength as before indicated. The 
gut may be kept in this solution indefinitely. 

No. 3 catgut prepared in this way will last in 
the abdominal wall for about three weeks. — 
Indian Medical Record, February, 1921. 


FUEL ECONOMY AND NATIONAL 
PROSPERITY. 

The completion of 18 months’ active existence^ of ^ 
the Fuel Economy Committee of the Federation 
of British Industries, and of six months’ practical 
work by the Technical Sub-Committee seem to 
offer a suitable occasion for some general report 
of progress and review of the outlook in the Fuel 
Economy Movemeiit. For these reasons the 
Federation has published the present Review, with 
the co-operation of recognised authoiities in the 
different branches. It is hoped that it will serve 
to bring home to those members of the Federation 
who have not already done so, the urgency of the 
need to give attention to the question of fuel 
efficiency each in his own works, and at the same 
time to emphasise the practical value of the ser- 
vice which the Fuel Economy Department places 
at their disposal. 

The high cost of coal gives the fuel factor a 
greater importance in production policy than it 
has ever had before. Therein lies a danger that 
manufacturers may be forced into taking action 
without due consideration. It ca'nnot be too 
strongly urged that a timely review of the whole 
situation and its possibilities should be made 
before deciding upon future programmes for 
securing the best results from the fuel consumed. 

It seems beyond dispute that henceforward no 
large works will be complete without a fuel con- 
trol organisation as part of its regular equipment, 
while every industrial establishment great or 
small will find it necessary to instruct and en- 
courage stokers in up-to-date firing practice, and 
call in expert advice, on the most effective use of 
existing plant and test instruments. 

In the pages of the Review an effort has been 
made to present thre problem in a general v^ay 
from the various pomts of view. 

An account is given ot the wprk of the ^ Fuel 
Economy Bepartmei^of the Federation of British 
Industries;, descri»g the origin of tfeS^fervIce, 
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the personnel of the Technical Sub-Committee, 
and the lines upon which investigation is earned 
out on behalf of those manufacturers who apply 
to the Federation for advice and help. Attached 
to this article is a summary of the Memorandum 
on Boiler Efficiency prepared by the Technical 
Sub-Committee, together with diagrams illus- 
trating the losses of sensible heat in flue gases, 
and the principal sources of heat loss in boilers. 

A further article takes the form of a report on 
industrial fuel supplies and gives the result of 
the coal and coke questionnaire issued by the 
Federation of British Industries last year. The 
failure of a certain proportion of manufacturers 
receiving the questionnaire to co-operate by giving 
the particulars asked for is to be taken as a proof 
that much educational work still remains to be 
done before it can be said that British industry as 
a whole is alive to the importance of the fuel 
factor in successful production. 

No name ranks higher in the scientific-industrial 
world than that of Sir Robert Hadfield. As the 
inventor of manganese steel and low-hysteresis 
steel, as an untiring investigator in many field's, 
and as the head of a great manufacturing organis- 
ation, he holds a position which may be described 
as unique, and his thoughtful and statesmanlike 
article, dealing with some leading aspects of the 
fuel economy movement, will not be without in- 
fluence in helping to crystallise the thoughts of 
those who have not yet grasped the fact that the 
efficient use of fuel is now a vital factor in com- 
petitive manufacture. 

Coming to the papers dealing specifically with 
the several sources of power, Mr. David Wilson 
brings a wide knowledge to bear on the funda- 
mental question of coal economy as applied to 
steam raising. His uork as technical adviser to 
the Coal Controller is too well known to call 
for comment or elaboration, and the advice which 
he gives, based on experience of different plants, 
examined during the war, when the need for 
economy was pressing for other reasons, cannot be 
neglected by the responsible heads of industry. 
Economy of the national coal resources by the 
generation of electricity of the production of gas 
are dealt with by Mr. J. S. Highfield and Sir 
Dugald Clerk, both men of the front rank in their 
respective spheres and needing no introduction to 
our readers. In his paper outlining the recent 
developments in the economical generation of 
pow'er, Mr. P. R. Allen broadly surveys the coal 
resources of the world and gives use the benefit of 
his views on hydro-electric power and such 
interesting possibilities as the utilisation of the 
force of the waves and tides. 

The thanks of all who are interested in the 
welfare of British industiy^ are due to these 
gentlemen for their wulling co-operation in 
making possible the publication of the F ederation 
of British Industries Fuel Economy Review, Due 
acknowledgment must also be made to the Iron 
and Coal Trades Review ^ and to the Mines 
Department of the Board of Trade for the valu- 
able assistance rendered by supplying statistics 
and information. 

So far as we are aw^are, no publication has been 
issued before in this country devoted entirely to 
the cause of fuel efficiency and economy. In 
stepping into the breach the Federation of British 
Industries is inspired with one idea — that of 


helping to form and guide a healthy public 
opinion on the general question. Differences of 
vieAV as to ways and methods there will as^iiredly 
be, but none, we venture to believe, as to the 
fundamental truth that close attention to these 
problems is vital to the success of our trade at 
home and abroad. 

In this and in any future issues of the Review 
that may be made — it is hoped that it may be pos- 
sible to' produce it at quarterly or other regulai 
intervals — the endeavour is and will be to publish 
the views only of those qualified by experience in 
the various processes which present possibihtes 
of fuel economy. The publication of the adver- 
tisements of makers of various appliances and 
devices for economising fuel consumption and of 
patent fuels will, it is believed, rendei the Review 
of greater practical value to consumers, but 
members and others will understand that these 
are accepted and inserted in the ordinary course 
of business. 

We should welcome criticisms and suggestions 
regarding this new^ venture, especially those deal- 
ing with material for further issues which, it is 
hoped, will focus in detail new improvements in 
practice and plant for powei raising. — The 
F ederation of British IndusUies Fuel Economy 
Review y April, 1921. 


THE DEMAND I OR PATENT MEDICINES 
IN INDIA. 

Most Lines Saleable — An Increasing Demand — 
An Opening for Medicine Chests. 

By GEORGE CECIL. 

Enterprise. 

With the growth of the white population of India, 
a large demand for patent medicines has arisen. 
Each year sees fresh manufacturing and commer- 
cial enterprises and the construction of railway 
lines undertaken, with the result that employment 
is found for managers, engineers, and foremen 
who are brought out from England — each of whom 
keeps certain patent medicines in his, bungalow. 
Nor is the Eurasian (half-caste) element behind- 
hand in following the example set by the ’^Sahib” : 
every year they recognise more fully the necessity 
for having a cure on the premises, and provide 
themselves with various patent medicines, some of 
which, being of native manufacture, are of doubt- 
ful value. It will thus be seen that the demand 
is on the increase. For though Anglo-Indians die 
off from cholera, fever, and other ills peculiar 
to an unhealthy climate, the birth rate more than 
balances the mortality. The Englishman usually 
has his quiver full, while the half-casters family 
invariably is out of all proportion to the parent’s 
income. 

Blessed by the Priests. 

But it is not only amongst the Europeans and 
the Eurasians that the Anglo-Indian chemist finds 
his customers. The craze for education has 
spread to India, with the result that the native 
copies the manners and customs of the white man, 
even to patronising the same medicines. Thirty 
years ago the coloured person who suffered from 
rheumatism used poultices of leaves, the healing 
I properties of which were vouched for by fhe 
priests; now-a-days he buys a bottle of something 
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etticacious. His fathei was content to suifer tooth- 
ache ; the son sends an order to the nearest chemist 
for some patent ^^pain-killer,” taking care to ex- 
plain that an imported article of EurO'pean manu- 
facture is required. In this connection, the down- 
to-date native has a supreme contempt for 
*‘coun try-made” co-ncoctions He imagines that 
the ingredients are of an inferior quality, and that 
though the medicine costs less, it cannot have the 
same effect as (what he is pleased to term) ^‘Europe 
Goods.” When writing his requirements, the 
educated native >ften expresses himself in an 
extraordinary ma iner, as will be seen from the 
following exampl^ the original of w^hich was 
written by a Mahometan * schoolmaster in 
Lucknow : — 

“Sir, — Please to send me instanter by the fellow 
who brings this letter a little phial of the headache 
pillules as you supply to the European ladies and 
gentlemen of the station they must be Europe 
Goods I am not liking native trash so please note 
I think they have for name phenactin bayer and 
the proportions must be as per accustomed thing 
I will pay you the cash system if you will make 
me the due discount and for this I will ever prav 
for your prosperity, and present and future off- 
spring. Yours sincerely, 

^ B.A. of Calcutta University 

Lucknow. and etc. 

Native Establishments, 

Although the import business is chiefly con- 
fined to India's European chemists, there* are a 
number of Parsee and native concerns which de- 
vote a department to drugs. Such establishments 
are to be found all over the country, and a fair 
proportion of them, especially the JParsee firms, 
can be trusted by tne manufacturer to meet their 
obligations in an honourable manner. The small 
native concerns are less satisfactory, for the pro- 
prietors are continually in financial difficulties; 
their profits are cut; the outstandings aie far in 
advance of the collections; and the only good cus- 
tomers in the place fight shy of them. As to the 
Eurasian chemists, they are practically hopeless. 
Starting business without the necessary amount of 
capital, they are too lazy and stupid* to conduct 
their affairs in a sensible manner ; and they fail 
to command the confidence of the English and 
native community, or even that of their fellow 
half-castes. These people are best left to the big 
Calcutta and Bombay wholesale chemists; being 
on the spot, they can satisfy themselves as to the 
standing of the would-be customer and arrange 
accordingly. But an effort might be made to do 
business direct with the large Parsee, Mahometan, 
and Hindoo chemists and general shopkeepers, 
who either purchase in India or indent on an East 
India merchant or agent—who charges them a 
commission. The native is a keen man of busi- 
ness, and readily appreciates any economy in 
buying. 

The majority of the lines which meet with a 
sale at home are popular in India. Bromo seltzer, 
phenacetin, and caffeine tabloids, menthol, and 
other remedies for headaches which arise from 
worry, are always in demand, Beecham's Pills 
are as well known, and as greatly appreciated, as 
anywhere in Christei^iom ; embrocation is used in 
eight out of ten Anglo-Indian stables; emulsion is 
prescribed for many a white man and woman who 
IS the worse for a ‘liot weather”; and chlorodyne. 


liver pills, and other equally well-established 
remedies have a large sale. But there is no need 
to add to the list; it is sufficient to say that the 
existing demand is a large one, and that it gives 
every promise of increasing year by year. 

Value for Money. 

The manufacturer must remember that both 
Anglo-Indians and natives strongly resent any 
(supposed) attempt on the part of a chemist to get 
the better of them. If they buy an “instantaneous 
headache cure” they expect to lose^ the headache 
in five minutes ! They are not satisfied with the 
printed instructions which provide for “another 
dose if necessary in half-an-hour” ; they argue that 
the medicine professes to rid them of the headache 
at once, and that the chemist has “done” them. 
Nor IS this the uorst, for (having little to do and 
plenty of time in which to do it) they babble to 
their acquaintances of their woes, and do their best 
to give the remedy a bad name. In a few days 
nearly eveyone m the “station” know^s that the 
“instantaneous headache cure” or “toothache cure,” 
as the case may be, does not fulfil its promise — 
ivith the result that the unfortunate chemist is left 
wuth so much dead stock on his' hands. This 
damage do-ne by ill-chosen names and carelessly 
worded instructions is far greater than the reader 
probably imagines ; it may deprive a supplier of a 
valuable account and seriously interfere with the 
sale of the article all over India. 

There is also a satisfactory demand for 
japanned tin medicine chests, tin being preferable 
to leather on account of the dampness of the rainy 
seasons. These must be as compact and portable 
as possible, and should contain, say, a carefully- 
chosen assortment of patent medicines suitable for 
a country in which intermittent fever, ague, 
cholera, and headache are rife. Particular care 
must be taken to make both the medicine chest 
and the phials as near air-tight as possible. 

It is not only in India that enquiries for patent 
medicines are on the increase. In Cairo, Alex- 
andria, Port Said, Aden, Colombo, Penang, 
Singapore, throughout Burmah, and in fact, 
everywhere in the East, they have an excellent 
sale. This more particularly apjilies to the well- 
established articles already mentioned. But con- 
servative though the European and native 
chemists are, they often recognise that the new 
article which they can sell at a high rate of profit 
is well w’orth the pushing necessary' to make it as 
successful as the better-knovrn line with w'hich it 
competes. 

10 Rue Ch&teaubriand, 

Pans, Vllle. 


SOCTETE DES INGENIEURS CiVILS DE FRANCE. — 
A Summer Meeting of the British Section will be 
held in France between June iS and 24 next. 
Members of the Faraday Society desirous of 
taking part in this meeting are invited to com- 
municate at once with Mr. H. Sloog, 45, Great 
Marlborough Street, London, W.i, from whom 
full particulars may be obtained. 

Visit to the Rothamsted Experiment^ 
Station. — In connection with the General Dis- 
cussion on Chemico-Physical Problems relating to 
the Soil at the Faraday Society, members and 
their friends are invited by the Diriector to visit 
the Rothamsted Experimental Station on June i. 
A train leaves St. Paiicras for Harpenden at 
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PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting^ May 12, 1921. 

Prof. C. S. Sherrington, President, in the Chair, 

The following papers were read : — 

^^The Problem of Finite Focal Defth revealed 
by SeisonietersP By G. W. Walker, F.R.S. 

Observations of the emergence angle o-f P vraves 
at Pulkovo suggest that the depth of focus is of 
order one-fifth of the earth’s radius. It is shown 
that important modifications would have to be 
made in the interpretation of seismograms and in 
the attempt to determine how speed of propaga- 
tion depends on depth. It is further shown that 
an important test of the accuracy of the Pulkovo 
values can be made by a careful scrutiny of seis- 
mograms for distances > 11,000 kilometres. 

Further progress cannot be made until this re- 
search has been carried out, and until we have 
corresponding measures of the angle of emergence 
of S waves by means of three component seiso- 
meters. 

M Liquid Oxygen VafforiserP By E. A. 
Griffiths. 

The liquid oxygen is contained in a metal 
vacuum vessel. The emission of gas is governed 
by bringing a flexible portion of the outer wall 
into contact with the inner : the degree of contact 
determining the rate of transmission of heat 
across. The bottom of the outer vessel is a corru- 
gated plate .of silver, to the centre of which is 
soldered a copper block shaped to fit the contour 
of the inner vessel. The displacement of the 
diaphragm is controlled by a screw. Any desired 
rate of gas evolution can be obtained up to 10 
litres per minute, and the delivery remains con- 
stant with any particular setting for several hours. 

The apparatus was designed in the course of 
experiments carried out with the Tyndall Mining 
Research Studentship of the Royal Society, 

^^Some Experiments on the Catalytic Reduction 
of Ethylene to EthaneP By Dorothy M. Palmer 
and W. G. Palmer. 

The hydrogenation of ethylene in the presence 
of nickel has been quantitatively examined. The 
mixture of ethylene and hydrogen under investi- 
gation was brought into contact with the nickel in 
an electrically-heated tube, so arranged that the 
catalyst was in constant motion through the gas. 

The rate^ of hydrogenation was measured by the 
rate at which the mixture of ethylene and hydro- 
gen in equal proportions by volume had to be 
passed into the tube to maintain the gas therein 
at constant pressure. 

The effect of varying the proportions of the two 
gases at constant reaction temperatures, and of 
varying the temperature for a reacting mixture 
of constant proportions were separately eluci- 
dated. 

The curves showing rate of reaction against 
time from the beginning of the experiment show 
^finduction’’ periods (during which no hydrogena- 
tion took place) varying in duration from a few 
seconds to many hours according to the conditions 
of the experiment. 

^ At the end^ of this period the rate of reaction 
increases rapidly to a sharp maximum, and then 


decreases less rapidly to a lower value, which only 
slowdy decreases with time. A theory is advanced 
to account for these effects. 

^^The Catalytic Activity of CofperP — Fart IL 
By W. G. Palmer. 

The apparatus used in the experiments and some 
preliminary results for which hydrogen was used 
to prepare the catalyst from '‘cupric oxide were 
described in Proc. Roy. Soc.j A^ Ixxxix., 13. 

In the present paper the activity of the catalyst 
when prepared from oxide by teduction with car- 
bon monoxide and methyl alcohol vapour is des- 
cribed and discussed. In addition to anhydrous 
ethyl alcohol, constant-boiling mixtures of the 
following alcohols with water were used as re- 
actants ; — ethyl alcohol, zJd?-propyl alcohol, 
normal-^TO'pyX alcohol. It is shown that water 
acts as a positive auxiliaiy catalyst, and hydogen 
as a negative auxiliaiy catalyst, when adsorbed on 
the copper. Water may be retained on the catalyst 
either by absorption from a reacting alcohol-water 
mixture, or as the result of preparing the catalyst 
from oxide with hydrogen or methyl-alcohol 
vapour. 

The activity-temperature curves for a catalyst 
prepared by carbon monoxide are shown to obey 
a simple exponential law. 

Between 270® and 280° C. the activity curves 
(except those for w^^-propyl alcohol as reactant) 
undergo a sudden change of direction correspond- 
ing to a great reduction of the temperature co- 
efficient. This is attributed to the diminution in 
the thickness of the adsorbed alcohol layer to at 
most two molecular diameters. 

The activity of the catalyst does not increase 
continuously, as the temperature of its prepara- 
tion from oxide is lowered. This result is dis- 
cussed on the basis of a theory put forward in the 
previous paper. 

^The Total Heat of Liquid Carbonic AcidP By 
Prof. C. F. JENKIN and D. N. Shorthose. 

The paper describes the measurements, carried 
out for the Engineering Committee of the Food 
Investigation Board, of the total heat of carbonic 
acid between temperatures of -f-io® C, and +100® 
C. and between pressures of 900 and iSoolb. per 
square inch. A full table is given of the values 
for every 5® C. and loolb. per square inch. The 
results of these measurements show that the values 
hitherto accepted, which are based on the assump- 
tion that the specific heat at constant volume does 
not change over this range, require some correc- 
tion, but not to any large extent. 

^^The Viscosity and Molecular Dimensions of 
Gaseous CyanogenP By A. O. Rankine, D.Sc. 

1. The viscosity of gaseous cyanogen has been 
measured at two temperatures, 15° C. and 100® 
C., the values obtained being, respectively, 
0-896x10-* and 1-264x10-* e.G.S. units. Assuming 
Sutherland’s law of temperature variation, these 
data have been used to calculate Sutherland’s 
constant (C. =280) and the viscosity at o C. 

’= o- 93 5 X 10-* C. G. S. units). 

2. The mean collision area of the molecule of 
cyanogen has been deduced, — 1*31X10-^* cm.’*, 
which proves to be practically the same as that of 
a bromide molecule 1-28X10-^’' cm.®. This is con- 
sistent with the evidence so far available from 
crystal examination, fpr the molecular volumes of 
KBr and KCN are nearly equal, — ^4*31 and 4*28 
respectively. 
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3. If X-ray cx'y&tal examination should prove 
what is usually stated, viz., that KCN and KBr 
are strictly isomorphous, the results here obtained 
are consistent with the Lewis-Langmuir view that 
the cyanogen molecule has a size and shape nearly 
the same as two nitrogen molecules linked to- 
gether by sharing one pair of outer electrons. 


MANCHESTER LITERARY AND 
PHILOSOPHICAL SOCIETY. 

At the Annual General Meeting of the Society, 
held on April 26, 1921, the following otiiccrs and 
Members of Council for the session 1921-22 were 
elected : — 

President — T. A. Coward, F.Z.S., F.E.S. 
Yice^Presidents — R. L. Taylor, F.C.S , F.I.C. ; 
William Thomson, F.R.S.E., F.IC. ; Sir Henrv 

A. Miers, M.A., D.Sc., F.R.S,; W. Henry Todd. 
Secretaries — H. F. Coward, D.Sc., F.I.C. ; T. H. 
Pear, M.A., B.Sc. Treasurer — R. H. Clayton, 

B. Sc. Librarians — C. L. Barnes, M.A. ; Wilfrid 
Robinson, D.Sc. Curator — W. W. Haldane Gee, 
B.Sc., M. Sc. Tech. Other Members of the Council 
— ^Arthur Lapworth, D.Sc., F.R.S. , F.I.C.; C. E. 
Stromeyer, O.B.E., M.Inst.C.E , M.Inst.M.E. ; 
W. M. Tattersall, D.Sc., Leonard E. Vlies, 
F.C.S., F.I.C.: F. W. Atack, M.Sc.Tech., B.Sc., 
F.I.C.; F. E. Weiss, D.Sc., F.R.S., F.LS,; 
Francis Jones, M.Sc., F.R S.E,, F.C.S ; Laura 
Start, M.A. ; Sydney Chapman, M.A,, D.Sc., 
F.R.S. ; and ex-officio the Chairman and the 
Secretary of the Chemical Section. 

The Annual General Meeting of the Chemical 
Section of the Society, held on Friday, May 6, 
elected the following : — 

Chairman — Leonard E. Vlies, F.C S., F.I.C. 
Vice-Chairman — J. H. Lester, M.Sc., F.I.C. 
Hon, Secretary — David Cardwell, M.Sc., F.I.C. 
Comfiiittee — F. W. Atack, B.Sc., M. Sc. Tech. , 
F.I.C.; W. PI. Bentley, D.Sc., F.C.S.; Harold 
Moore, M.Sc.Tech., F.C.S., A.I.C. ; Rona Robin- 
son, M.Sc., A.I.C.; T. Roland Wollaston, 
M.Inst.Mech.E. ; Edward Ardern, D.Sc,, F.I.C.; 
R. H. Clayton, B.Sc.; J. E. Myers, O.B.E., 
D.Sc.; and D, M. Paul, B.Sc., A.I.C. 
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LJnsubstitiited oxygen possesses an atomic refrac 
tivity of 2'24; substituted oxygen one of ryb 
The positive hydrogen seen to absorb the un 
saturation of the doubly tinted oxygen or cause < 
refraction of the oxygen electrons.^ These are th< 
hydrones, according to H. E. Armstrong. Tin 
hydrols contain singly-linked tetravalent oxyger 
Avith an atomic refractivity of 1*76, cf.^ the ozon 
ides of Harries. 

The hexacyciic formulae for water, &c., anc 
the conditions m hydrated copper salts, &c., also 
in my opinion, exclude full tetravalent functior 
for oxygen. According to Rooseboom’s theory anc 
observations, the various molecules of water com( 
away in groups, the members of one group all a 
one temperature, which is thus like a boiling 
point depending upon loose molecular associatioi 
or particles under constant pressures. 

These conditions resemble those for molecula 
associations, but not combinations, and are thos( 
fof the manifestation of absorption spectn 
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There is no need to suppose the necessary wan 
of validity of the formulae {as such). Th< 
conditions would resemble a series (rings or other 
wise) of magnets separated by an air or othe 
dielectric space. The opposed electrons might b 
V 
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WATER AND ICE. 


To the Editor of the Chemical News, 

Sir, — I have been reading the articles o-n “Water 
and Ice” with interest. I have noticed in the 
Eastern Mediterranean that the shadow of the 
vessel on the water which in direct sunlight, is a 
beautiful blue, is of a dark purple colour. This 
is due, no doubt, to slanting rays from the illumin- 
ated body, and forms part of the absorption 
spectrum. 

As regards the colour of the sky, it seems by 
its purity to be due to particles which are mole- 
c;ular or sub-molecular in size — electrons in' asso- 
ciation with oxygen, the blue of osxme. 

Physical properties like molecular refrac- 
tions cannot give us any information regarding 
the degree of complexity gf the water molecules 
for the following reason 


>6 

b< 

>d 

b< 
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A 

the cause of the blue coioun 
As is well-known, dissociation of true chemica 
complexes like NaO*, acetic acid, take place ove 
a wide range of temperature, due, of course^ t 
the balancing action^ of dissociated molecules 
This balancing action does not exist m de 
hydrating copper sulphate, owing to the wate 
molecules passing outside the range. In wate 
and ice this is not .possible. 

It thus seems prgl^le that the oxygen mok 
cules are separated from each other by a shell o 
dielectric^ and the v^fheies are activated^ pto 
united, or only Very loos^y. Jt.Wfulif te toeiesi 

i- . 
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ing to find out how many degrees of association 
there may be witliout combination. In any case, 
what is the exact connotation of this term? 

It is, however, evident that in copper and 
other salts all the water molecules are not in equal 
degree of association with the metallic extra 
valencies, thus showing the existence at diiferent 
distances from the metallic centres. — I am, &c., 

Gervaise Le Bas. 

P.S . — K study of the dielectric constants, refrac- 
tivities of some of the compounds mentioned 
might prove of value* 

6, Springfield C ret- cent, 

St. Hehers, Jersey. 


SALARY OF CHEMISTS. 

To the Editor of the Chemical News, 

Sir, — With reference to the article which appeared 
in your issue of May 6, entitled “The Present 
Position of Chemistry and Chemists,” by Prof. 
Wilsmore, I have written to him pointing out an 
error in his Address. The statement that the Re- 
search Department, Woolwich, advertised for 
chemists with the qualifications and at the salary 
mentioned in his Address is incorrect. No such 
advertisement was issued by that Department, 
which at that time was offering for chemists a 
niuch larger salaiy. As is well known, it has 
since been successful in obtaining a scale of pay 
for chemists which is considered satisfactory by 
chemists themselves. — I am, &c., 

R. Robertson 

29 , Charlton Road, 

Blackhe.tth, S.E 2 . 


PAPERS RECEIVED. 

“Atomic Energy and Radiation.” By F. H. 

Loring. Received May 17, 1921. 

“A Method for the Rough Estimation of Iron and 
Manganese in Systematic Qualitative Analy- 
sis.” By L. J. CURTMAN and N. H. Hecht. 

The new method which is proposed in this 
paper for the rough determination of iron, is based 
on the fact discovered by one of us (L.J.C.) that 
feme thiocyanate may be bleached by a solution 
of SnCla* In volumetric methods for the deter- 
mination of iron, the usual procedure is first to 
reduce the iron and then to oxidise it with a 
standard solution of an oxidising agent. Our 
method follows the reverse order the iron, if 
not already in the ferric condition is first oxidised, 
treated with KCNS, and then reduced with a 
standard SnCL solution. The results obtained 
by this method were sp surprisingly accurate that 
we undertook a special study of the procedure to 
determine whether or not it could be used as a 
substitute for the standard volumetric methods. 
The details of this procedure, together with data 
showing how the new method compares with the 
old standard procedures will shortly be reported 
in another communication. In the rough esti- 
mation of manganese, the latter is oxidised by 
sodium bismuthate in a nitric acid solution to 
permanganic acid, which is then estimated volu- 
metrically by means of a standard solution of 
hydrogen pero3cide. 


NOTES. 

Theory of Relativity. — A Lecture will be given 
at King’s College on Thursday, June 9, at 5-i5 
p m. by Professor<:^IJin stein on “The Development 
and Present Position" of the Theory of Relativity.” 
The Chair will be taken by Viscount Haldane. 
A charge of 2s. 6d. will be made for admission, 
and the proceeds will be given to the Imperial 
War Relief Fund. The Lecture will be delivered 
in German. Tickets can be obtained on applica- 
tion to the Lecture Secretary. 

Royal Institution,— On Tuesday next. May 31 j 
at 3 o’clock, Sir James Frazer delivers the first of 
two lectures at the Royal Institution on (i) 
“Roman Life in the Time of Pliny the Younger,” 
and (2) “London Life in the Time of Addison.” 
On Thursday, June 2, Sir Alexander Mackenzie 
begins a course of two lectures on “Beethoven” 
(with musical illustrations), and on Saturdy, June 
4, Mr. R. S Rait gives the first of two lectures 
on (i) “Scotland and France” and (2) “Scott and 
Shakespeare.” The Friday Evening Discourse on 
June 3 will be delivered by Dr. Leonard Huxley, 
Editor of the Cornhill Magazine ^ on “Chronicles 
of the Cornhill,” and on June 10 by Dr. A. G. 
Webster on_ “Absolute Measurement of Sound ” 
An extra Discourse will be delivered on June 17 
by Sir J. J. Thomson on “Chemical Combination 
and the Structure of the Molecule.’^ 
a.m. 

The British Engineers’ Association.— -The 
Annual General Meeting of the British Engineers’ 
Association took place at 32, Victoria Street, 
London, S.W.i, on Thursday, May 12. At a 
meeting of the Council of the Association that 
followed, Mr. Nevile Gwynne, late Chairman of 
the Executive Committee, was elected President 
of the Association, in place of the retiring Presi- 
dent, Col. O. C, Armstrong, D.S.O., who had 
occupied the position of President for three years, 
and to w’hom a very hearty vote of thanks was 
accorded. Mr. E, W. Petter was elected Chairman 
of the Executive Committee in succession to Mr. 
Nevile Gwynne. 



This List is specially compiled for the Chemical News by Messrs^ 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.2., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Appltcations, 

12901— Aluminium Industrie Akt.-Ges.— Process for manufacture 
of nitrate of calcium. May 5th. 

13004— Blagden, J. W —Manufacture of ammo derivatives of 
hydio-genated cinchona alkaloids and their derivatives, 
May 6th. 

129S4— Frischer, H,— Apparatus for carrying out chemical and 
physical processes. May 6th. 

Specifications published this Week. 

162314— Pease, E. C.— Extraction of ammonia from ^ases. 

138125— American Coke and Chemical Co —Ammonia saturators. 
162578— Friederick, W.— Process for the mannfacture of tnnitrors 
creine. 

Abstract Published this Week. 

Synthetic Resins. — Messrs. Vicker and The loco Rubber & 
Waterproofing Co., of Anntesland, Glasgow, has obtained a Patent 
No. 160258 for some improvements in the preparation of Phenol 
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MODERN CHEMISTRY, 


By ARTHUR J. HALE, B.Sc., F.I.C 

A STANDARD WORK OF 


, F.C.S. (PURE AND APPLIED), 

ALL BRANCHES OF CHEMISTRY, 


A great undertaking, a considerable task, and a heavy responsibility are involved in the publication of 
this work This extensive publication demanded editorial capacity and knowledge, such as the editor and his 
assistants possessed, and the result represents the best achievement that could possibly be obtained by any 
publishing house 

SCOPE OF THE V/ORK. ~ 

This a treatise which will be found invaluable to all who are in any way connected with the chemical 
industries, as well as to those concerned more closely with the scientific aspect of the subject, and it will 
prove a profitable and interesting source of information for all desirous of obtaining some knowledge of the 
subject of Chemistry as a whole, or who may be seeking for guidance regarding any particular section of 
the subject. 

There is no branch of the subject, theoretical or practical, which has not received attention. 

It may be claimed that no matter of importance has been omitted . 

THE ONLY BOOK. 

It is the only book m which, during recent years, the whole of the subject and its related branches have 
been treated, and it places in the hands of the chemist, at a reasonable cost, a compendium of chemical 
knowledge which will be found most valuable, and which will convey to all who use it a succinct account of 
all branches, whilst, at the same time, it will supply full and practical details to those who may be seeking 
for information regarding any particular substance, theory, or industrial process. 

AUTHOR AND CONTRIBUTORS. 

Throughout the preparation of this work the Author has been in touch with many eminent authorities 
upon the different subjects treated, and with those actually engaged m the various industries a first-hand 
knowledge of which is essential for proper treatment. This has rendered possible a reasonable exhaustive 
and complete account of the industrial side of the subject. 

To the ambitious chemist this work will form a compact reference book on all matters pertaining to 
Chemistrv. 

ILLUSTRATIONS. 

“ Modern Chemistry *’ is amply provided with illustrations. There are hundreds of text illustrations, 
which have been inserted wherever such render easier the proper understanding of the descriptions of 
processes or princples dealt with in the text. There are numerous plates of considerable interest and great 
practical value, and they have been selected with much care from a very large number reviewed and collected 
during the preparation of this work. 

They enhance considerably the educational value of the work, and convey, when studied with the description 
in the text, much information concerning large scale work, and Manu^ctunng Chemistry in all its branches. 


An Indispensable 

ANALYTICAL AND CONSULTING CHEMISTS. 

ASSAYERS AND METALLURfc^ISTS. 

AGRICULTURAL CHEMISTS. 

BLEACHING AND TEXTILE CHEMISTS. 

BIOCHEMISTS. 

CERAMIC INDUSTRIES. 

DRUGS AND PHARMACEUTICAL PREPARATIONS, 
ENGINEERING (CHEMICAL), 

DYE AND COLOUR INDUSTRIES. 

EXPLOSIVES, MATCHES, AND PYROTECHNY. 

FOODS, "PATENT FOODS, INFANT FOODS. 

FINE CHEMICALS. 

GAS WORKS, GAS-MANTLE INDUSTRY. 

INDUSTRIAL CHEMISTRY. 

MINERALOGISTS, MINING ENGINEERS. 


Book for — 

METALLURGISTS. 

OILS, FATS AND WAXES INDUSTRIES. 
PETROLEUM CHEMISTS. 

PAINTS, PIGMENTS AND VARNISHES. 
PHARMAGEUTICAL CHEMISTS. 

DENTAL SURGEONS, 

CONFECTIONARY TRADE. 

BREWING AND DISTILLING INDUSTRIES. 
MEDICAL PRACTITIONERS AND STUDENTS. 
STARCH AND SUGAR INDUSTRIES. 
STUDENTS (CHEMICAL) 

WORKS’ CHEMISTS. 

LEATHER TRADES. 

ELECTRICAL ENGINEERING TRADES. 

Etc.. Etc. 


A Standard Work of Reference. The Editor has the advantage of the knowledge of many Experts, 
Published on convenient terms, 

1,500 pages ; ,about 300 Full-page Plates, Diagrams, Tables, and Formulae. The Illustrations will be 
an important feature of this great work. ^ 

In short, this is a work which no Chemist can afford to be without, and which we now give him the 
opportunity to obtain on very easy terms. ^ 


Send this form in half-pmny unsealed envelope or a postcard. 

To Messrs. Virtue & Co., Ltd., (C. N. Dept), 7, City Garden Row, London, N.l. 

Please send me full particulars of your “ Modem Chemistry,’' with all information as to your offer to 
deliver the Volumes as published for a first payment of 5s.. the balance to be paid by monthly payments. 


Address 


“C.N.” 
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aldehyde condensation products. In the condensation of phenoli° 
bodies with aldehyde compounds, the catalyst employed is a salt 
double compound of he^amethylene-tetramme or mixtures of these* 
employed in such proportions that the quantity of hexamethylene- 
tetramine contained therein do-^s not exceed 2 per cent by weight of 
the reacting ingredients Examples of the salts of hexameihylene- 
tetramine are the chloride, sulphate, acetate, tartrate, citrate, 
benzene sulphonate, toluene-p-sulphonate, camphorate, arsenate, 
trimetaborate, salicylate, sulphosalicylate, phthalate, perchlorate, 
chromate, sulphocyanide and tannate. Examples of the double 
compounds are those with phenolic bodies, such as phenol, 
resorcmal, pyrogallol, and guaiacol, or with halogenated com- 
pounds, such as ethyl bromide^^ chloral, bromine iodide, ethyl 
iodide, and iodoform ; or with metallic salts, such as aluminium 
acetate, potassiumantimony tartrate, sodium acetate, feme chloride, 
and mercuric chloride According to the provisional Specification, 
hexamethylenetetramine itself may be employed as the catalyst. 

Hexamethylenetetramine Salts — ^The acetate benzene siil- 
phonate, and tuene-p-sulphonate of hexamethylenetetramine are 
prepared by evaporating equeous solutions of the base and the 
respective acids, preferably m vacuo, and purifying the products 
by crystallization from alcohol. 

Messrs. Rayner & Co , will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 


MEETINGS FOR THE WEEK 


Monday, May 30 

Royal Society of Arts, 8. “Industrial Disease and Immunity" by 
Sir Kenneth Goadby. 

Tuesday, May 31, 

Royal Institution, 3. “ Roman Life " by Sir James Frazer. 

Faraday Society, 4.30. General Discussion on “Physico-Chemical 
Problems relating to the Soil". 

Institution of Electrical Engineers, Annual Meeting, at 5. At 
6.30, “Research Work in the United States" by Dr. F. B. 
Jewett. 

Wednesday, June i. 

Society of Public Apalvsts, 8. “ Composition of Powder " by 
F, F Beach, T. E. Meade and E Russell. “ The Colorimetric 
Method of Determining H ion Concentration . Some Uses in 
the Analytical Laboratory" by Norman Evers. “Estimation 
of Woody Fibre in Cattle Food " by F. Robertson Dodd. 


Thursday, June 2 

Royal Society, 4.30. (Balcerian Lecture). “Optical Rotatory 
Dispersion " oy Dr. T. M. Lowry and Dr. C. P. Austin. 
Chemical Society, 8, 

Royal Institution, 3 “ Beethoven " by Sir A. C. Mackenzie. 

Friday, June 3. 

Royal Institution, 9. “Chronicles of the Cornhill" by Dr. L. 
Huxley. 

Saturday, June 4. 

Royal Institution, 3. “ Scotland and France " by Robert S. Rait. 


NOTICES. 


EDITORIAL. — All Literary communications and Books, Chemical 
Apparatus, &c., for review or notice to be addiessed to the 
Editor. 

SUBSCRIPTIOKSf jBI 12s. per annum, payable m advance, should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on applicatio 
to he Manager. 

THE CHEMICAL NEWS. 

97, Shoe Lane, London, E.C 4. 


ADVERTISEMENTS. 

All communications for this Department should be ad 
dressed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E C.4. 


PATENTS, TRADE MARKS. Handbook 

■L and advice free- B. T. King, British and U. S. Regd. Patent 
Attorney, 146a, Queen Victoria St., London. 36 years reference 


BACK NUMBERS AND VOLUMES. 


W E have For Sale a limited number of the Earlier Volumes and Numbers 
of the CHEMICAL NEWS, and are prepared to- supply orders at the 
following rates, carriage extra (subject to the Volumes or Numbers being in stock 
at the date when the order is received): — 


1860—1883 

1884—1903 

1904—1918 

1918 

1919 

1919— 1920 


PRICES FOR SINGLE VOLUMES. 


Volumes I to 48 

Bound 

& s. 

3 9 

d. 

0 each 

& s. d. 

Unbound 360 

each 

IP 

49 »> oS 

pp 

2 16 

0 „ 

pp 

2 13 0 


IP 

89 » 116 

pp 

I 10 

0 „ 

pp 

170 

ff 

pp 

1 17 

pp 

2 10 

0 „ 

pp 

out of print 


pp 

1 18 

pp 

2 0 

0 „ 

tp 

I 16 0 


pp 

119 to 121 

pp 

0 16 

0 „ 

pp 

0 13 0 

II 


SINGLE NUMBERS. 


i860 to 1883 inclusive 

1884 „ 1903 » — 

1904 to 1918* „ 

*1919 and onwards 

♦Various numbers, parts of Vols. 117 and n8 (1918/19) are omy on 


2 6 each 

2 0 „ 

I o „ 

06 „ 

sale at os. 6d. each. 


THE GENERAL INDEX to VOLS. l to 100 can still be purchased at J 61 (CARRIAGE Extra). 


All communications should be addressed to the Manager, CHEMICAL NEWS, 

97, Shoe Lane, London, E.C.4. 
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LABOUR AND DISILLUSIONMENT. 

Another milestone has been reached and passed 
by the Industrial League; not the milestone ot 
space, but one epoch marking in the annals of that 
organisation. It hove into sight, if one may so 
use the term, but a few weeks ago, when it was 
learned that the election of the Rt. Hon. J. H. 
Whitley, M.P , to the Speakership of the House 
of Commons rendered it incumbent upon him to 
resign the Joint Presidency of the League, and it 
was passed on Mav iq, when Viscount Burnham, 
the new Joint President with the Rt. Hon. G. 
H. Roberts, M.P., was the Central figure in a 
happy leception held by the Executive Committee 
at the Eccentric Club, Ryder Street. 

The dinner was presided over by the Rt. Hon. 
G. H. Roberts, and in addition to Viscount Burn- 
ham there were present Sir Wm. Way land 
(Messrs W. A. Way land & Co.), Sir John 
Prestidge {Messrs. J. Stone & Co., Ltd.), Sir 
Hy. Birchenough, Mr. G. J. Wardle, C.H., Mr 
A. Bellamy (Ex-President National Union of 
Rail way men), Mr. A. Allison (Asbestos and Cable 
Workers’ Union), Mr. Hugo Hirst (Geneial Elec- 
tric Co., Ltd.), Mr. D. Gilmour (Metalliferous 
Miners’ Union), Mr. J. F. Green, M.P,, Mr. H. 
Scholey (Messrs. Sclioley & Co., Ltd.), Mr. H. V. 
Roe, Mr. W. S. Bishop (Mayor of Lambeth), Mr. 
E. E, Eccles and Mr. A. Jacob (British Alumi- 
nium Co.), Mr. H. S. Horne (Messrs. Read & 
Brigstock, Ltd.), Mr. M. W. Reid (National Fore- 
men’s Association), Major A. Vigor tM-essrs, A. 
Vigor, Ltd.), Mr. Lee Murray, Col. Meurling, Mr. 
J. Murrey (National Federation of Building 
Trade Operatives), Mr. Frank Smith (Shipbuild- 
ing Trades’ Federation), &c. 

The Rt. Hon. G. H. Roberts, M.P., in proposing 
the toast “Our Guest, Viscount Burnham”, made 
some candid remarks relative to the industrial 
situation. The League felt, he said, that in secur- 
ing the adhesion of Lord Burnham they were start, 
ing a new era, not to bring aggrandisement to in- 
dividuals, but stability, integrity, and greater pros- 
perity to the nation. They needed an informing 
and steadying influence in their midst. It was not 
the correct thing to give too much credence to the 
operations of disruptive forces in their midst, but 
he declared that they ‘ should jaot be ignored, for 
the Red scourge was like porrosive poison, com 
stantly undermining our social fabric, just as the 
White scourge was constantly ravaging humanity. 
Unless they applied correctives to meet that social 
mischief, the whole edifice would be unable to 
withstand any sudden attack which might be made 
upon it. Since the war, strike had succeeded 
strike, wdth the result that thpse who pinned their 
faith to the Labour par^ found themselves now 
disillusioned^a disappointment and 'disillusion- 
ment that they would not gef ovdr within the life- 
time of any of those present' The working* classes 
of this country, unwittipgif; had| Jij ||f* 4 ^ain 


created the evils apd want that existed throughout* 
the land. They had heen misled by false leaders, 
and ' therefore, it was felt that the Industrial 
League was needed more than ever. They wanted 
the society of men like Lord Burnham, whose con- 
tiibution would be helpful. The coal strike had 
been protracted, not because of the merits of the 
case, but because the miners’ leaders had been 
afraid to tell the rank and file the truth Neither 
this country nor any other could uphold industries 
which could not maintain themselves. No indus- 
try could be definitely bolstered up simply by fall- 
ing back upon the general taxation of the countr>^ 
It should be the duty of leaders to educate the 
rank and file, otherwise they forfeited the right, 
if they evei had the right, to be recognised as 
leaders. Not only in the miners’ unions, but in 
almost every trade union of the country, the mem- 
bership was declining, and the trade union move- 
ment would, at the end of this experience, be so 
weakened that it would cease to be an effective 
force for a generation. That, to him, would be 
lamentable, because he believed in trade unionism. 
On the other hand, he also believed that employers 
could be successful only by operating together. 
The weakening of trade unionism was not the 
result of a conspiracy o-n the part of^ wicked 
capitalists. It had be^n wrought from within, by 
people who were not concerned to uplift the 
workers, or were not ' interested in the integrity 
and greatness of Great Britain, but who were pur- 
suing a spurious nationalism founded on the be- 
lief that the interests of all nations were identical, 
and that Great Britain ought to sink back in order 
to allow other nation^o destroy her. 

Mr. Hugo Hirst, supporting the- toast, con- 
gratulated the League on acquiring the services 
of Viscount Burnham, who, he said, had done 
much to alleviate distress and to bring wise 
counsels and compcomise to bear in industrial 
disputes. He could not imagine a greater asset 
to the League than the acquisition of such 
assistance. 

Viscount Burnham, in responding, said this 
League embodied the spirit of the round table — 
a table without sides and without corners. 
(Cheers) It stood for good sense, and good 
feeling in the industrial life of the country; it 
was the sworn frieiKi of social goodwill, the 
sworn enemy of ^cd^mic dogmas. They all felt 
that it was not enough to indulge in pleasant 
platitudes and say that they regarded the class 
war as the abominabpTthxng. What they had to 
do was to establish rule of reason. What we 
suffered from to-day was fanaticism — -not on the 
part of the masses,, but on the part of some of the 
leaders they blindly followed. Therefore, they 
should turn to account the great qualities oi 
British character, ^ of which loyalty was a con- 
spicuous feature. Loi^alty to a cause, or ex^ to 
party, was Jways eulogised as being a 
cmr virtue, and y^;^th.ey wero suffering to-day 
from* ^ an excess of'lhyalty on the part of large 
bodies of their fellomoountrymen to great indiB- 
triaL organisations they did not wi^ to be 

charged with betr^||iig. 

SlR^ propos<ed a olf 

thanks to.t^e <3^mam Mr. ‘G. . 

M.H., and Sir Henry 

;^^.,JRObe;rts 
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A METHOD FOR THE ROUGH 

ESTIMATION OF IRON AND MANGANESE 

% 

IN 

SYSTEMATIC QUALITATIVE ANALYSIS 

By L. J. CURTMAN and N. H. HECHT. 

Procedure. 

The Group III. precipitate consisting of the 
hydroxides of Al, Cr, and the sulphides of Ni, 
Co, Fe, Mn, and Zn is treated with 60-B0 cc. of 
HCl (1-9) and the NiS and CoS filtered off. The 
filtrate containing the Al, Cr, Fe, Mn, and Zn as 
chlorides is carefully evaporated to 2 cc. to re- 
move the HjS and excess of HCl. It is then 
quantitatively transferred to a 50 cc. graduate, 
the dish rinsed several times with water and the 
volume in the graduate diluted with water to- 50 
cc. After thoroughly mixing, one-half of this solu- 
tion is taken for the determination of Fe, and the 
other half for the estimation of Mn. 

Determination of the Iron, — In a casserole 
treat 25 cc. of the above solution with 10 cc. 6N 
NaOH and 1*5 grm. NajsOs Boil the mixture 
with constant stirring for several minutes to de- 
compose the excess of Dilute the solution 

with twice its volume of water, to prevent the 
swelling of the filter paper, and filter. Wash the 
precipitate with hot water. Treat the precipitate 
and filter in a beaker with 50 cc. of concentrated 
HCl, and immediately (Note I.) heat to boiling; 
when solution is complete, dilute the solution and 
filter off the paper. Wash the filter several times 
with dilute HCl. In an open Erlenmeyer flask 
boil down the combined solution and washings to 
about one-half the original volume to drive off any 
chlorine which may be present (Note II.). Cool 
(Note III.) the solution to room temperature, add 
see, sA/ KCNS,^ and titrate the solution with SnCl® 
solution (containing about 5 mgrms. Sn per cc 
(Note IV.) to a pink colour (Note V.) which 
matches that of a so-lution containing 0*05 mgrm. 
Fe as FeClj in 50 cc. HCl (i : i) and to which $ 
cc. of sN KCNS have been added. Unless special 
provision is made to exclude the oxygen of the air, 
it is necessary to standardise the SnCl^ solution 
for each determination (Note VI.). This is best 
done by running a definite volume of a standard 
solution of F eCU, oxidised Mohr salt, or ferric 
alum, along with the determination. The presence . 
of m^ganese does not interfere with the deter- 
mination. 

Determination of the Manganese, — In the other 
half of the solution, the Fe and Mn are precipi- 
tated with NaOH and NaaOs, and the mixture 
boiled, diluted, filtered, and washed. The pro- 
cedure up to this point is identical with that given 
for the determination of iron except with regard 
to the washing of the precipitate. In this case the 
washing must be repeated until the precipitate is 
free of chlorides, since the latter interfere with the 
final determination. In a beaker treat the pre- 
cipitate and filter paper with a mixture of 25 cc. 
of concentrated HNO3 and 10 cc. of 3 per rent 
HgOa, heat to boiling, and when solution is com- 
plete, dilute and filter off the filter paper. Wash 
the filter and boil down the combined solution and 
washings in an open Erlenmeyer flask to about 
one-half of the original volume. Cool and trans- 
fer the solution quantitatively to a 100 cc gradu- 
ated cylinder and dilute with water to the 100 cc. 


mark. Mix thoroughly, and take 20 cc. for the 
determination (Note VII.). Adjust the acidity of 
the 20 cc. portion by first neutralising with 
NH4OH, adding 10 cc, concentrated HNOgj and 
diluting the whole to 200 cc. Add 4 grms. oi 
sodium bismuthate (Note VIIL), stir the mixture 
allow to settle for 5-10 minutes, and filter by de- 
cantation through a fluted filter. Wash the :esi- 
due of sodium bismuthate in the beaker »with 5 per 
cent HNO3, and filter by decantation. The final 
volume will be between 250 and 300 cc. Titrate 
with 0-3 per cent HgOa to a colourless end point. 
The HfiOa may be standardised by determining 
the quantity necessary to react with a definite 
volume of a standard KMn04 solution to which 
i/4 of its volume of HNO3 (Note IX.) has been 
added before adding the H3O2. 

Notes, 

I. It was found that when the mixture of 
Fe(OH)3 and Mn0a‘-YH20 was allowed to remain 
in concentrated HCl overnight, a deep red solu- 
tion was obtained even when only a small amount 
of Fe was present. The red colour was un- 
doubtedly due to the Mn, for it was observed that 
the red colour deepened as the proportion of Mn 
increased. To avoid the formation of a red solu- 
tion which would interfere with the subsequent 
determination of Fe, it is necessary to heat the 
mixture to boiling immediately after the addition 
of the HCl. Under these conditions, the colour 
of the solution changes from an opaque greenish 
black to a transparent yellow. 

II. The chlorine results from the action of 
HCl on the hydrated manganese dioxide. 

III. The solution must be cooled to room tem- 
perature, as otherwise there is danger of the 
FelCNS)^ decomposing and giving a browm- 
coloured end point. 

IV. The SnCla solution may be prepared by 
dissolving 9*45 grms. SnCla. 2H3O in 500 cc. 
concentrated HCl and diluting the resulting solu- 
tion to a litre. 

V. When attempts were made to titrate to a 
colourless end point, discordant results were ob- 
tained due to the difficulty of reaching the exact 
end point. This condition arises from the fact 
that the reaction proceeds very slowly as the end 
point is approached, and as a consequence, large 
intervals o-f time would have to be allowed be- 
tween successive drops, added near the completion 

[ of the reaction, in order to determine the exact 
end point. Such a procedure was found imprac- 
ticable. It has therefore seemed best to add the 
SnCla quickly at the beginning of the titration 
until the solution (opaque at first) becomes trans- 
parent.^ When this stage has been reached, the 
SnCla is added drop by drop, and the solution 
stirred vigorously for 10-20 seconds after each 
drop to determine whether the last drop has 
brought the end point. It was observed that solu- 
tions which had been completely titrated, slowly 
turned reddish on standing for from 5 to 10 
minutes. This reddish colour which first formed 
on the surface of the solution was doubtless due to 
atmospheric oxidation. 

It is more convenient in routine qualitative 
work to use for the titration of the Fe and Mn a 
10 cc. graduated pipette instead of a burette. 

VI. That a SnCL solution lapidly changes 
owing to atmospheric oxidation is shown in the 
following instance, A fieshly-prepared solution 
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of SnCla when used as described in the method 
was found to be of strength 10 mg. Fe=2 cc. of 
SnCla. After being kept for 18 days at room tem- 
perature in a glass-stoppered volumetric flask, 
but with 300 cc. of air above the solution, it was 
again tested and found to be of strength 10 
mgrms. Fe=5’8 cc. of SnCla. The solution was 
now only 1/3 of its original strength. 

VII. An aliquot part is taken because the 
largest quantity of Mn that is likely to be present 
in I grm. of ore or in 0:5 grm. of an alloy is 500 
mgrms. It was found that a solution of HMn04 
whose Mn content exceeded 50 mgrms. in 200 cc. 
quickly decomposes. An aliquot part of the solu- 
tion is therefore taken to make sure that the con- 
centration is not too great. If 40 cc. are taken 
instead of 20, and all the quantities in the direc- 
tions which follow are doubled, the final volume 
of the solution containing the Mn as HMn04 will 
be 400 instead of 200 cc. A little more than half 
of the solution is now filtered on a dry filter, and 
exactly 200 cc. of the filtrate is collected and 
titrated. This procedure is shorter than the one 
given, inasmuch as it makes unnecessa^ the filtra- 
tion of the entire volume of the solution and the 
washing of the residue. 

VIII. The sodium bismuthate (reagent grade) 
which was used was found to contain a small 
amount of Mn. It is therefore advisable to run 
a blank on a 4-grm. sample of the bismuthate in 
a volume of 200 cc. 

IX. The presence of HNOs is necessary to pre- 
vent the separation of MnOa- Pure KMnO^, if 
accurately weighed, dissolved, and diluted in a 
volumetric flask, will yield a sufficiently reliable 
standard. 

Confirmatory Experiments, 

I. The Relation hetween the Amounts of Iron 
Present and the (Quantities of SnCl^ used, — Vary- 
ing amounts of a standard solution of FeCls were 
introduced into separate beakers. To some, 500 
mgrms. of Mn as MnCla solution were added. To 
each, 25 cc. of concentrated HCl were added, and 
the solution in each case diluted to 50 cc. After 
treating each solution with 5 cc. 5A/ KCNS and 
thoroughly mixing, the solutions were titrated 
with SnCla solution to a faint pink end point. 
The results and other data are given in Tables I. 


and 11 . 

Sol. 

Table I. 

■ c. SnCla Appearance of the solution 

No. 

Mg.Fe Mg.Mn 

used. 

before titration 

I 

100 0 

iS'OI 

Opaque red 

2 

50 500 

8-88 

Opaque red 

3 

25 0 

4*38 

Opaque red 

4 

20 500 

3*50 

Opaque red 

5 

10 0 

r6o 

Opaque red 

6 

5 0 

0-76 

Transparent, blood red 

7 

I 500 

0 ’i 4 

Transparent, blood red 


Sol. No. 

Table II. 

Mg.Fe Mg.Mn Cc, SnClg used. 


1 . . 

Z 

250 0*60 


2 

5 

250 2*92 


3 

10 

250 5*80 


4 ... 

roo 

0 61 ’70 

In the experiments of Table II- , the SnCl* solu- 


tion was weaker than that used in the tests given 
in Table I. 


Conclusions, — The results in Tables I. and II. 
lead to the following conclusions : (1) the 


of the SnCla used is proportional to the amount of 
iron present; (2) manganese does not interfere 
with the reaction. 

II. Determination of Mn in Pure Mn[jNOA^ 
Solutions. — Different volumes of a standard 
Mn(N03)2 solution were treated by the procedure 
given for Mn except that the preliminary precipi- 
tation with NaOH and NagOa was omitted. The 
results are given below in Table III. 

Table III. 

Total Vol. of the Solution 


Vol. of cone. HNOi 

S, 10 cc. 

200 cc. 

Sol. No. 

Mg Mn 

Cc. of HgOj 

I 

50 

30*00 

2 

25 

14-96 

3 

20 

13-34 

4 

10 

6*02 

5 

5 

2-89 

6 

1 

0*59 


The above results show that the volume of HjOa 
used is proportional to the quantity of manganese 
present. 

III. Determination of Iron and Manganese by 
the Procedure. — To test the relability of the pro- 
posed method for the rough estimation of iron and 
manganese, a number of solutions containing defi- 
nite amounts of Fe and Mn were analyst by the 
procedure given in the first part of this paper 
The results are given in Table IV. 


Sol. 

No. 

Mg.Mn 

Mg Fe 

Table IV. 

Cc, HflOfl Cc. SnCla 
Used. Used. 

Found, 

Mg Mn Mg.Fe 

[ 

500 

500 

26-97 

i 6 *i 8 

506 508*6 

2 

250 

50 

I 4 ‘ 6 o 

i’ 6 i 

273 50 

3 

300 

ZOO 

16-19 

3*10 

303*7 97*6 

4 

roo 

0 

53'30 

— 

For standardi- 

5 

0 

JOO 


6*35 

sation of HsOa 
For standard!- 


sation of SnCU 

C omments — In making the calculations it is 
necessary in accordance with the procedure, to 
multiply the quantities of SnCU used by 2, and 
the figures for H3O2 by 10. Experiment 4 supplies 
the data for the calculation of the strength of the 
H2O3 in terms of Mn; while the strength of the 
SnCla in terms of Fe may be readily calculated 
from the figures in experiment 5, The results in 
the last column show that the method supplies a 
relahle means of roughly estimating the amounts 
of manganese and iron in systematic qualitative 
analysis. 

Summary. 

1. A rapid method is proposed for the rough 
estimation of iron and manganese in systematic 
qualitative analysis. 

2. The estimation of the iron is based on the 
property of SnCla to bleach the deep red 
Fe(CNS)3, formed by adding KCNS to the FeCl, 
^olution. 

3. The manganese is converted by sodium bis- 
muthate in nitric acid solution to HMnO*, and the 
latter bleached by the use of a standard solution 
of HaOa- 

4. Since the presence of either metal does not 
interfere with the determination of the other, it 
is unnecessary to rfect their separation in this 
method. 

5. Test analyses Show that the method is trust-, 

worthy. . ^ ^ ^ 
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THE PURIFICATION AND SOME 
PHYSICAL PROPERTIES OF CERTAIN 
ALIPHATIC ALCOHOLS. 

By ROGER F. BRUNEL, J. L. CRENSHAW and ELISE TOBIN* 

We have found it necessary to prepare in this 
laboratory a series of aliphatic alcohols, in which 
there should be, if possible, no impurity exceeding 
O’ I to 0*2 per cent, and have undertaken to purify 
these alcohols by a somewhat more careful frac- 
tional distillation than is usually carried out. 

A little examination of the literature will show 
that there is no criterion for the purity of any 
except a few of these simple substances. Except 
in the cases of methyl and etliyl alcohols agree- 
ment in boiling points to ci® and in densities 
beyond the third decimal is unusual. (Michael, 
Scharf, and Voigt {]oiir, Amer. Chem, Soc.^ igi6, 
xxxviii., 653); purified zJi?-butyl alcohol with great 
care, and Orton and Jones (/. Chem. Soc., iQiQj 
cxv., 1194), ^^-butyl alcohol^ but the physical pro- 
perties are not recorded, reriiary butyl alcohol, 
by reason of its high melting point, has also pro- 
bably been obtained pure,) Since the chief 
criterion of purity of our own products is in the 
data obtained in the distillation it appears neces- 
sary to enter into some detail with regard to the 
stills used^ and even more, with regard to the 
fractions actually obtained, particularly since 
most common organic compounds have already 
been fractionated “with great care” by various 
investigators. 

Method of Distillation, — The stills most used 
have been brass tubes (pyrex columns of the same 
height and 36 mm. in diameter have occasionally 
been used). r8 meters tall and 30 mm, in dia- 
meter, filled with quartz pebbles which ' pass 
through 4-me5h, but not 5 -mesh wire netting. 
These pebbles, obtained under the name of Long 
Island grit, were cleansed with aqua regia^ and all 
markedly pitted or flattened pebbles were picked 
out. * 

With alcohols boiling above about 80®, the con- 
densation in such a column, even when wrapped 
with asbestos, is so great that the vapour can be 
driven up through it only with difficulty. The 
columns are therefore wound with resistance wire 
(a winding with Advance (constantan) wire. No. 
31 gauge from the Driver-Harris Wire Co., six 
turns to the inch, is satisfactory with the no v. 
current) upon a layer of asbestos, and sufficient 
current is sent through to overcome fome of the 
loss of heat to the air and keep the distillation in 
progress with a flame 3 br 4 inches high under 
the flask at the bottom. Alcohols boiling as high 
as 130® have thus been distilled. Furthermore, by 
connecting the heating coil to the 220 v. circuit at 
the end of the distillation, the column can be 
heated as hot as desired, and the liquid retained 
by the pebbles greatly reduced, usually to about 
30 cc.^ Towards th^ end of this process the frac- 
tionating effect is, of course, diminished, but when 
the alcohol is pure, no change in temperature 
occurs until the liquid is nearly out of the column, 
when super-heating becomes markedly evident. 
This point is so well marked that there is- never 
any doubt as to when it is reached. 

The effectiveness of the stills is, of course, 
greater, the slower the rate of distillation. The 
rate is followed by observing the drops from the 
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end of the adapter on the condensei. The speed 
of distillation rarely exceeds 40 drops a minute, 
and during the last few distillations of a pure 
product it is kept at 15 to 30 drops a minute. 
With a pure substance the temperature of the 
vapour should, of course, be independent of the 
rate of distillation, and this was found to be the 
case with a five-fold change in the rate with tso- 
propyl and iso-huty\ alcohols. It appeared to be 
the case for all of the alcohols with the small 
changes in rate which inevitably occur. 

The temperatures are read on thermometei^ 
graduated to o’l®. With our tall stills it is im- 
practicable to use a cathetometer, but a special 
reading device, magnifying five diameters, is sup- 
ported against the still head xn such a way that 
perpendicular vision is obtained, and errors due 
to parallax are avoided (A brass tube, 13 cm. 
long, with support to fit the still head, is fitted with 
a Bausch and Lomb 25 mm. triple aplanat lens as 
objective and a brass cap with 1*5 mm. hole as 
eyepiece. This device, in improved form, is now 
offered for sale by the A. H. Thomas Co., of 
Philadelphia), The temperature is always read 
to 0*01°, and the barometer read simultaneously. 
When products are !>poken of as constant boiling^ 
constancy to o‘oi°, as nearly as can he readj is to 
he understood. 

The thermometer is enclosed in a glass still 
head at the top of the column, 20 mm. in diameter, 
and tall enough so that the thermometer can be 
suspended completely in the vapour. A wire ling 
prevents contact with the walls. (The thermo- 
meter bulb was thus far below the side arm, but 
there is no reason to expect change of composition 
ot the vapour in ascending the glass tube above 
such a tall column, except with impure substances 
and a device such as that of Richards and Banv 
{lour. Arner. Chem,, Soc,j 1914, xxxvi , 1787) 
appeared necessary). The immersion of the entire 
thermometer in the vapour is of the greatest im- 
portance with thermometers which are not gas- 
filled. If only the mercury stem is immersed, 
enough mercury distills and condenses fuither up 
the capillar> to cause serious error in a short time 
(Olivier, C,A.j 1917, xi., T927, has observed such' 
vaporisation of the mercury in a thermostat at 
30°). The bulb of the thermometer is protected 
from radiation by black paper around the glass. 
If there is any difference betiveen the effect of 
such a shield and on^ of nickel or iron inside the 
still head, it is a matter of less than 0*005® at the 
temperatures heie concerned. The chief purpose 
which the shield serves is to provide protection 
from radiation fiom nearby lights, vhich may 
raise the temperature of the thermonietei some 
hundredths of a degree. 

Our stills are sufficienth elfective so that in 
many cases we obta^in a consideiable quantity ot 
distillate within o'oi® aftei one or two distilla- 
tions, but it is, of couise, a more difiicult matter 
to obtain products which will redistil entirely, or 
I nearly entirelj , at constant temperature 

The extent to which a constant boiling fraction 
finally again comes over at constant temperature 
is what we have taken as the chief criterion of 
purity. Statements that “nearly all” of a product 
distils constantly appear so inexact that we, have 
given below the boiling-point range and weight 
of the fractions in many of the final distillations, 
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and in all cases the percentage of the product col- 
lected without change of temperature. 

Sometimes nearly the whole amount distils at 
:onstant temperature, but we have usually had to 
De satisfied when 70 to 80 per cent, and in a few 
:ases even less of a product collected at constant 
temperature would again come over at the same 
temperature. In such cases the deviation from 
constancy has not been great. The distillation 
rarely begins more than 0*15® below" the true 
boiling point, and frequently only a few drops 
come over so low^ Sometimes the low boiling 
portions are ail within 0*05 or even 0*2®. The 
temperature at which the distillation begins can 
well be determined since the hot vapour is at 
lirst* driven up through the still head slowly, and 
the thermometer is deeply enough immersed to 
assume the temperature of the vapour before any 
passes over. 

Since the temperature in the final distillations, 
w’hen it has once become constant, always remains 
constant until the distillation ceases, it is evident 
that high boiling impurities are retained in the 
still, if they have not been already eliminated in 
the liquid retained by the still in earlier distilla- 
tions. In the case of /.f^^-propyl and zV^J-butyl 
alcohols the residues from distillation of a num- 
ber of nearly pure specimens were united and 
subjected to further fractionation. Since these 
residues yielded, with very little further fractiona- 
tion, specimens which did not differ in density or 
refractivity from the main products, it appears 
that high-boiling impurities wwe probably elimin- 
ated early in the process of fractionation 

The exact determination of the boiling points 
of the alcohols w"as a matter of difficulty. At first 
the final distillation of each alcohol was carried 
out with a still head containing three or four 
thermometers. When the corrections were ob- 
tained for the thermometers the boiling-point 
leadings agreed within 0*02® at temx>eratures be- 
low 100® 3 but above 100® no satisfactory results 
were obtained. Through the courtesy of the 
Bureau of Standards, it was then arranged that we 
should take specimens of the alcohols to the 
Bureau and determine their boiling points with 
a resistance thermometer. Here it w'as found that 
with small specimens of the alcohols in a boiling 
point apparatus no constant readings could be ob- 
tained when the violence^ of the boiling was 
altered. In particular, with the higher boiling 
alcohols the temperature always fell as the 
violence of boiling was increased. We were not 
in a position to continue the work there long 
enough to discover whether the cause of the diffi- 
culty lay in the alcohols or in the design of the 
boiling-point apparatus. 

In order to comtmue the work in our owm labora- 
tory, since we W"ere equipped with a potentiometer, 
a thermoelement was employed. 

The Thermoelement . — A 12-junction copper- 
constantan thermoelement was constructed 
materially according to y the directions of Adams 
{four. Amer. Chem. Soc.^ 1Q15, xxxvii., 484), of 
No. 36 copper and No. 30 constantan (^TdeaP^ wire 
from the Electrical Alloys Co.,^ of Morristown, 
NJ., was used), B. & S, gaugse. The constantan 
wire was tested for homogeneity in order to have 
as small electromotive forces as possibio set up 
at points other than the junetioBS, and a good deal 
of wire was rejected. 120 cm, lengths 


"Hvere selected with 30 cm. at one end and 25 cm. 
at the other as homogeneous as possible, the 
former ends being used for the hot^ junction. 
Satisfactory junctions were not obtained with 
ordinary solder, so they were brazed with silvei 
solder in a small flame, with bgrax as flux. They 
were then dipped in enamel obtained from a wire 
insulating company, which was hardened by heat- 
ing at 230°. The sets of hot and cold junctions 
were enclosed in glass tubes connected by rubber 
tubing. 

A Leeds and Northrup potentiometer was used, 
but the coils were first tested, since w^e wished an 
accuracy of i microvolt in 70,000. No corrections 
of more than 5 ixv, were found necessary’’. 

Three Clark cells and two sets of 5 Weston 
ceils served as standards (Huletfs directions were 
followed, Phys, Rev.^ 1911, xxxii., 257). These 
were kept in a thermostat at 24*94® ±0*005®. The 
Clark cells differed by only 0*00004 v. almost from 
the start, and the relation between them within 
this range remained almost constant. When the 
Weston cells became constant, they also remained 
nearly as close together. The ratio between the 
Weston and Clark cells has remained exactly that 
found by Guthe {Gutke_, Bur. Standards, Bull. 2, 
1906, 33) and Hulett (Hulett, Phys. Rev.j igii, 

xxxii. , 276),-— — — at 25®, for several months. 

The calibration data for the thermoelement were 
as follows. Cold junction at o®. NaaSO^. loHaO, 
transition point 32*384® (Dickinson and Mueller, 
Jour. Amer. Chem. Soc.j 1907, xxix., 

15,779 /uv. SrCla.fiHaO, transition point,* 61*341® 
Richards and Yngve, 1918, xl., 89), 30,814 

fiV. Water boiling ^int, 52,127 ^v. at 760 mm. 
Naphthalene boiling point, 217*58® at 753*4 mm. 
(Jaquerod and Wassner, /. Chem. Phys.j 1904, ii., 
52), 12,4459 /IV. 

These values do not fall on a curve, which can 
be represented by three constants. The three 
higher values have, therefore, been used, giving 
the equation, , 

E^ 4 yo-o 4 st+Q'S 4 ^ 92 P — 0 * 00042 ^° 

which does not differ greatly from that of White 
(White, Phys. Rev., 1910, xxxi., 162), or that of 
Adams and Johnston (Adams and Johnston, Am. 
J. Sci., [4] 1912, xxxiiL, 538). 

The value calculated for the transition point of 
sodium sulphate frot^ our equation is 15,785, in- 
stead of 1 5,779 fpppd. This corresponds to an 
error of nearly o’oi®, but we are using the element 
in the temperature r^ge 78-130®, and our equa- 
tion probably does pot introduce an appreciable 
error there. (The equation recommended by 
Adams (/. Wash. Acad. Sci.^ 1913, 111., 4^95 
E=At+B(i — e^^) wpuld very likely prove more 
satisfactory, but we have not, up to the present, 
had the necessary table of exponentials at hand). 

The increase in e. tn. f , per degree varies from , 
551 /iv. at 77® to 6^4 at 217®. Since it is 
readily read to i /tv., the thermoelement is evi- 
dently sensitive to 9^002®. In fact, a changb of 
0*5 /tv. IS noticeable on the potentiometer. 
Although we belieye that the boiling point of 
water is repioduced to better than 0*01 *^3 such 
-accuracy has np|^"been obtainable with the 
alcohols^ bul.most of these are probably correct to 
±0*01®. ^ 

The thermoelement is ipferioc; jp the resistance 
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thermometer for the determination of boiling 
points unless an instrument can be made which is 
independent of^ the depth of immersion in the hot 
vapour. In spite of our care in choice of the con- 
Stan tan wire, the e m. f. varied with the depth 
of immersion as much as 8 at 100°, the greatest 
error occurring when just the tip was heated. But 
it was found that there was a range of about 7 cm. 
over which there was no change, and there was 
only about 3 variation in the immediate 

neighbourhood of this region. The element was 
therefore used with an immersion of about 14 cm. 
with the possibility of varying .this several cm. 
either way without altering the reading. (With 
naphthalene there was variation in the reading 
even within this best portion of the element. The 
calibration value was read wdth what we con- 
sidered our standard depth of immersion). 

A nickel or iron shield has been used about the 
thermoelement We have not detected any differ- 
ence between them. A piece of black paper out- 
side the tube has the same effect to within 0*005“. 
The effect of omitting the shield depends mainly 
upon the surroundings, the thermoelement being 
sensitive to changes in the illumination of the 
room, such as the lowering of a shade in a window 
some distance away, or switching lights on or off 
within a metre or two of the apparatus. 

(To be continued). 
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Ordinary Meeting^ May 2b, ig 2 i. 

Prof. C. S. Sherrington, President, m the Chair. 

The following papers were read : — 

*^The Atomic Process in F err 0 -magnetic Indue- 
tionP By Sir ALFRED EwiNG, K.C.B., F.R.S. 

The author refers to his paper published by the 
Rgyal Society in 1890,^ which modified WebePs 
theory of the magnetisation of ferro-magnetic 
substances by showing that the control exerted on 
each elementary magnet by its neighbours was 
competent to explain the phenomena of suscepti- 
bility and hysteresis. In the present paper this 
theory is reconsidered in the light of (i) modem 
views regarding the structure of the atom, and {2) 
the X-ray analysis of crystal structure by Sir W. 
H. and Prof. W. L. Bra*gg. From the results of 
that analysis it appears that the rotatable Weber 
magnet is an attribute of the atom, not of the 
chemical molecule. It is not the atom itself, but 
probably ^ an electron system within the atom. 
Metallic iron is now known to be an aggregate of 
crystals in each of which the space-lattice is the 
centred cubej with its atoms most closely grouped 
along the triagonal axes. It is along these axes 
that the Weber elements will point. Conse- 
quently an iron crystal is not magnetically iso- 
tropic. 

Ai^ important characteristic of the magnetising 


process in iron is that there is a small quasi-elastic 
or reversible part preceding the much larger 
changes which involve hysterisis. This corre- 
sponds to a reversible deflection of the Weber 
magnets through a small angle, generally of an 
order of 1“ or less. The theory of the equilibrium 
of a row of magnets is considered, and experi- 
ments are described in which rows of Robison 
magnets with ball ends have their equilibrium 
upset by an extraneous field. The results of these 
experiments confirm the theoiy. From the known 
value of the magnetism of saturation, the moment 
of a single Weber element is estimated, and the 
field is calculated which would break up lows of 
magnets, set in the space-lattice close enough to- 
gether to bring the reversible deflection within the 
above limit. The field so calculated is far larger 
than the field that suffices to produce strong mag- 
netisation in iron, which suggests that the ordinary 
laws of force between magnetic elements cease to 
apply at interatomic distances. 

^The Magnetic Spectrum of the S.-Rays excited 
by the y-RaysP By C. D. ELLIS. 

The magnetic spectra of the 3 -rays ejected from 
various elements by the T-rays of radium B have 
been examined by the focussing method used by 
Rutherford and others. The positions of three 
strong lines occurring in the magnetic spectrum 
of radium B are found to depend on the metal tar- 
get used. Assuming that each of these three lines 
is due to a definite y-radiation, it is shown, foi 
all the elements examined, that the energy of the 
j8-rays forming a line is^ equal to an energy 
characteristic of the 7 -radiation minus the work 
necessary to remove an electron from the K ring 
of the atom. By application of the quantum 
theory the frequency pf the 7-rays can be deter- 
mined from these , characteristic energies. The 
natural ^-ray spectrum of radium B can be ex- 
plained in this way, the stronger lines resulting 
from the conversion of the 7-i'ays in the K ring, 
and the weaker lines from a similar conversion 
of the same 7-rays in the L ring. 

^^The Sfectra of the Alkaline Earth Fluorides 
and their Relation to each otherP By S. Datta. 

The present paper gives an account of an in- 
vestigation undertaken to determine possible rela- 
tions among the band spectra of similar com- 
pounds of different elements. Previous work by 
other observers suggested the alkaline earth fluor- 
ides as a suitable group of compounds for this 
purpose. A more complete survey of the spectra 
of these compounds has been made and several 
new bands observed. These helped in the identi- 
fication of homologous series of bands in the 
different spectra and have suggested an empirical 
relation amongst them, based on the constants of 
the series equations and the molecular weight or 
the molecular* number of the respective com- 
pounds. 

Starting with the series equation of the band 
heads, a probable explanation has been given of 
the appearance of a “tail” in some of the bands. 
It has further been shown that the frequency of 
the tail is either a maximum or minimum, and that 
the difference in wave^ numbers of the heads and 
tails of the similar series is constant for the same 
compound, but varies from one another in a 
definite way. 
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St 7 n-ple A'pfaratus for Affroxhuate Har^no^iic 
Analysis a^id for Periodicity Measiireme^its,^^ By 
W. L. Balls, Sc.D. 

An account is given of a simple and inexpensive 
means for constructing and using an apparatus by 
which periodicities can be determined, harmonic 
analysis effected, and curves smoothed. 

The results obtained (both with respect to length 
and to amplitude) are only approximately correct, 
but the error involved need not exceed three per 
cent. 

The outstanding advantage of the apparatus is 
the speed with which determinations can be rnade 
Thus, in the case of determinations of periodicity, 
some fifty trial periods can be examined in less 
time than is required for the computation of a 
single trial period under the period ogram arith- 
metical method, 

^^The Influence of Satellites ufon the Form of 
Saturn^ s Ring^ By G. R. Goldsbrough, D.Sc 

Following upon the well-known results obtained 
by Maxwell that the only form of ring about a 
planet consistent with stability must be one made 
up of particles sufficiently small, this paper ex- 
amines the perturbing effect of a satellite upon 
such a ring. 

The ring is supposed to be made up of small 
particles — ^not necessarily equal — arranged in con- 
centric circles and rotating about the primary. 
The satellite is assumed to follow an unperturbed 
circular orbit, and as a sufficient approximation, 
the influence ^ of the rings upon one another is 
assumed negligible. 

It is then shown that to a close degree of 
numerical approximation the satellite Mimas is 
responsible for the position and width of Cassini’s 
Division and for the clean-cut termination of the 
whole ring. Satellite Rhea accounts for the clean- 
cut commencement of the inner ring (or Ring B), 
while a probable explanation is offered of the 
existence of the Crepe Ring. 

The numerical values obtained are as follows : — 


Calculated Observed 

Commencement of Crepe Ring 9*34" 10 S3" 

,, Inner Ring 13*07" 13*21" 

Dimensions of Cassini’s Division 16*9" 16*87" 

,, ,, Assumed 17*64" 1764" 

Termination of Ring ... 20*2" 20*01" 


If m be the mass of any particle, and M the mass 
of Saturn, and n the number of particles in any 
single ring, then it is shown that : — 


The maximum mass of a particle is thus just 
below the limit given by Maxwell. The inclusion 
of the mutual influence of the ’rings and the effect 
of the oblateness of Saturn would probably im- 
prove the agreement of theory and observation. 

Certain Geological Effects of the Codling of 
the Earth:"' By H. JEFFREYS^ D.Sc. 

The paper deals with certam mechanical conse- 
quences of the cooling of the earth from its forma- 
tion to its present state. The former fluidity of 
the earth is assumed for reasons given, and the in-, 
formation provided by radioactivity is -'utilised. 
It is found that the thermal contraction available 
for mountain-building is of the same order as that 
required to account for existing mountains. "The 


Pacific type of mountain range can apparently be 
explained as a consequence of the greater cooling 
and consequently greater strength of the rocks 
below the ocean. Isostatic compensation of sur- 
face inequalities is considered due to^ variation 
in the thickness of the light rocks constituting the 
crust, combined with plastic flow below. On 
these lines the main phenomena of isostasy b^^ 
accounted for. The fact that oceans have exten- 
sive regions of less depth in the middle is ex- 
plained on this theory. Theories of the formation 
of continents and geosynclines are suggested. 

^^The Moving Striatio 7 ts tn a Neo 7 i Tuhef' flv 
T. Kikuchi. 


PHYSICAL SOCIETY. 


May 13, 1921. 

Sir William Bragg, F R.S., President, 
in the Chair. 

The following papers were read : — 

^^Notes on Vacuum Tubes used as Detectors of 
Electrical Oscillations^ By Messrs. Hartshorn 
and E. S. Keeping. 

I . The paper describes the development of a 
robust form of vacuum tube which was used as a 
detector of electrical oscillations in the “wireless” 
circuits carried by aeroplanes. Platinum elec- 
trodes are avoided, being replaced by strips of 
tinfoil, to wffiich contact may be made by the 
spring clips holding the tube in position. 

II. It was found that when a discharge is 
passed through such a tube, the walls are affected 
in such a way that thenceforth it is much easier 
to get a discharge to pass. The change produced 
by the first discharge is annulled by heating the 
tube above 210® C. Further, if the walls are 
coated on the inside with a metallic film, this first 
discharge is unnecessary, and the tube is un- 
affected by heating, but when the walls are coated 
with an insulator it is if anything more difficult to 
pass a discharge. A silica tube behaves like one 
coated with metal. It seems possible that the 
change in the tube may be due to the formation 
of a layer of gas molecules on the walls by the first 
discharge. The explanation of the behaviour of 
the silica tube is a difficulty. 

Discussion. 

Prof G. W. 0 . Howe mentioned that compari- 
sons of vacuum tube detectors both with internal 
and external electrodes were carried out at the 
Reichsanstalt. Helium at various pressures was 
employed. Certain pressures were used to obtain 
extreme sensitiveness, while others were used if 
extreme brightness was desired. In some of the 
tubes issued internal electrodes were fitted, not for 
actual use, but for the initial preparation of the 
tube by electrolytic depc^ition of potassium on the 
walls. 

Dr. Vincent hoped the authors would not cease 
work on this interesting problem with the publica- 
tion of the present p^^r. They had dealt only 
with one aspect so far, but there were a number 
of interesting research^, 'particularly in connec- 
tion with valve-maintained circuity, which would 
suggest themselves. yir. Hartshofn had men- 
the advantage possessed by |he method that 
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it responded without lag during quick tuning. 
Another advantage was that there was no rectifi- 
cation of the current. 

Mr. G. D. West asked if many of the authors’ 
results in connection with the initial hardness of 
the tubes and the permanent softening effect of an 
initial discharge could not be accounted for by 
minute perforations of the w^alls by the discharge ? 
The effects of subsequent heating appeared to- fit 
in with this hypothesis. 

Mr. W. R. Cooper asked whether the authors 
had looked up the work of Claude on neon tubes. 
These were large tubes for illumination, and it 
was found that a tube 6 metres long required less 
than 800 volts. Possibly some of the effects ob- 
served by the authors on heating the tubes), 

were due to the fact that the slightest impurity 
produced a marked effect, Claude found that it 
was not suf&cient to use pure neon ; he therefore 
purified the neon when in the tube itself by con- 
necting the tube to a receiver containing carbop 
and immersed in liquid air. 

Dr. Borns asked if a film of moisture might 
give rise to any of the effects ? 

A Visitor said that a common form of indicator 
in use for tuning purposes was an ordinary flash- 
lamp bulb. What 'were the conditions necessi- 
tating the use of vacuum tubes He noticed that 
when responding to spark discharge k was diffi- 
cult to note the brightest point on account of the 
intermittence of the light. This flicker is absent 
with a flash-lamp. The response of such bulbs 
was also quite quick enough for all ordinary con- 
ditions. Would a fluorescent screen in the tube 
increase its efficiency ? What was the effect of the 
frequency of the oscillations on the voltage neces- 
sary for discharge? 

Mr. Hartshorn, in reply, said he was not 
familiar with all the early work which had been 
mentioned. They had assumed that the experts 
who had referred the problem to them were aware 
of all that had been done on it. He did not think 
perforations would explain the softening of the 
tubes, as this would not fit in with the t^haviour 
of some of the compound tubes. As regards 
moisture, the greatest care was always taken to 
exclude this. ^ As regards the use of vacuum tubes 
it was essential that the signals should be easily 
seen on an aeroplane, and flash-lamp bulbs re- 
quired more careful vvatching. As regards the 
intermittence, this ivas certainly a drawback, but 
was only present ivith spark discharges. It was 
not there with valve circuits. A fluorescent screen 
would make th-^ tubes much too difficult to con- 
struct. Something very simple and robust was 
required. He did not know the effect of fre- 
quency on the discharge voltage. The iigure he 
gave, 360 volts, ivas at ordinary supply frequency. 


Coefficient of Diffusion of certain Saturated 
Solutwnsff By Mr. B. W, GLACK, M,Sc. 

This paper gives an account of experiments on the 
^^ivity of saturated solutions of KCl, NaQ and 
KNO» at constant temperatures near i8°C., when the 
steady state of diffusion has been attained, employing 
si^ar to that previously used by the author 
Soc^ igoBj ^3 ; 1911^ xxiv.^ 40; 1914, 

_ ^er ii^esti^tion is maintained at 

saturation By ffie presence of salt crystals in 
the diffusion vessel, the theory ties into account the 


change in volume of this salt as it dissolves, and an 
expression is obtained for the coefficient of diffusion at 
complete saturation, which depends on the rate of 
change in weight of the diffusion vessel with time. 
The experimental results are found to agree very 
closely with the values obtained by extrapolation from 
the results previously found for less concentrated 
solutions. By the present paper the author has thus 
extended the range of concentration over which he has 
studied diffusion from very dilute solutions right up to 
complete saturation. 


Discussion. 

Dr. A. Griffiths dealt with the fundamental 
expression for diffusion. He explained the theoretical 
foundation of the diffusion-equation used by Mr. Clack 
and himself, and stated that this equation was an ex- 
tension of Pick’s Equation, or that Picks’ Equation 
could be considered to be a limiting case of their 
equation. He said that Pick’s Equation implicitly 
assumes that the liquid is at rest during a diffusion 
operation, whereas in fact the changes in concentration 
in all experiments known to himself inevitably produce 
movement of the liquid. An extension of Pick’s hypo- 
thesis is, therefore, inevitable. He explained that the 
equation used by Clack and himself assumed that in 
addition to the diffusion as expressed by Picks, there is 
a movement of the diffusing salt equal in value to that 
of the water-component of the salt solution. He stated 
that the quantity defined by 3 in earlier papers by 
Clack and himself should have been defined as the 
ratio of the nia$s of water entering the diffusing cell to 
the mass of water leaving the cell. The modification 
of the definition makes no change whatever when a 
linear relation may be assumed between density and 
concentration; and, in any case, makes a change 
smaller than errors of experiment. The change 
becomes smaller v^ith the concentration, and is zero at 
infinite dilution. * • 

The coefficients of diffusion for the weakest solutions 
of potassium and of sodium chloride were each 16 per 
cent less than the theoretical values given by the 
Nernst-equation for infinitely dilute solutions. The 
value of the coefficient for potassium nitrate was 11 
per cent less than the theoretical. These differences 
could not be considered very remarkable if it were re- 
membered that Perrin’s value (based cn work with 
liquids) for the electronic charge was 1 1 per cent less 
than the generally accepted value. The fundamental 
hypothesis for liquids probably require a close exam- 
ination, One of his students had interpreted Mr. 
Clack’s results by the equation ^^2(1-^), 

where JC is the coefficient obtained by Mr. Clack, is 
is the coefficient of diffusion of the completely ionised 
salt, IC2 is the coefficient of diffusion of the non-ionised 
salt, and r is the ionisation ratio. In the case of potas- 
sium nitrate this equation represents the results ob- 
tained by Mr. Clack wonderfully well over the whole 
range oj^ concentration, and it represents the results 
well in the case of potassium chloride and of sodium 
chloride when the concentrations are not great. 

Capt C. W. Hume; did not think the concentration at 
the top of the diffusion tube would be zero. The effect 
of this error would be equivalent to a constant increase 
in the length of the tube, 

Mr. P. E. Smith asked if experiments could not be 
made by measuring differences in electrical con- 
ductivity. Such methods, it appeared to him, would 
enable results to be obtained much more rapidly. 

Mr. Clack, in Teply, said that earlier in his 
researches he Md^^nvestigated the end-correction 
suggested by Mr. Hume and concluded that it was 
ne^gffrfe. As regards the conductivity method, this 
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been tried, but he was at present experimenting 
with an optical method with which it should be 
possible to obtain results for all concentrations in one 
experiment. 

** Experiments on Thermal Transpiration Currents.” 
By Dr. G. D. WEST. 

This paper is an attempt to demonstrate the actual 
existence of thermal transpiration currents. Theoro- 
etical considerations are first introduced to show that 
if a radial temperature gradient be maintained over a 
disc, so that the centre is the hottest part, thermal 
transpiration currents sweep radially inwards over the 
surface of the disc, and discharge themselves more or 
less radially outwards in the upper regions. 

To detect these currents a narrow strip of foil is 
used which is placed perpendicular to the disc, and to 
one side of the hot region. When at a considerable 
perpendicular distance from the disc, and when the gas 
pressure is sufl 3 ciently low to eliminate convection 
currents, the deflections of the strip of foil are always 
away from the hot region. When, however, the strip 
is placed very close to the disc, its deflections over a 
certain range of gas pressure are” towards the hot 
region. These facts are explained by the tendency of 
the thermal transpiration current^ to drag the strip 
with them. 

The paper emphasises one of the essential differences 
between thermal transpiration cuft*ents and convection 
currents — namely, that while the latter clearly depend 
on gravitation, the former do not. Further emphasis is 
laid on the difference between the conditions of molar 
and molecular Equilibrium. 

Discussion, 

Dr. D. Owen said the author appeared to be working 
down to pressures of a ten-thousandtb of a centimeter 
of mercury. How were these pressures measured ? 

Dr. West : With a Me Leod gauge 

Dr. Owen then asked if the author considered these 
to be reliable at such low pressures ? 

, Dr. West replied that he always ‘used .two gauges 
and they gave similar results. The bulbs were from 
200 c.c. to 300 c.c. capacity. He thought if care was 
taken to use perfectly dry air the gauges were quite 
reliable. 
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The Measurement of Study and Fluctuating Tern; 
peratures.” By R. ROYDS. Pp. 162. London - 
Constable & Co. Ltd. Price ids. net- 

Heat Transmission by Radiation, Conduction and 
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Heat Transmission in Boilers, Condensers and 
Evaporators,” By R. ROYDS. Pp. 302. London : 
Constable & Co. Ltd. Price 24s. net. 


NOTES. 


The unhappy stoppage of our fuel supplies has 
given great impetus to the development of oil beating 
appliances as a substitute for solid and gaseous fuel. 
We are pleased to note that many useful oil beaters 
have been devised. The EHilson Empire Lighting Co. 
of Stamford, Lines, are manufacturing heaters for 
linotype machines and similar purposes; judging from 
their drawings the burners api>ear to be simple 
effective. It is quite possible that this information 
may be of use to some of our readers who may be 
inconvenienced by the present restrictions in other 
kinds of fuel. 

Messrs Siemens Bros. & Co. Ltd., have sent us 
their new catalogue of piimaiy cells and batteries. 
The firm has devoted much time and attention to 
the development of a serviceable dry cell, and having 
recently had an opportunity of testing these we can 
unhesitatingly recommend them for low resistance 
and durability. 

Australian Gem Trade With France.— 

Acting upon the advice of the French Mission 
which visited Australia in 1919, the New South Wales 
Government sent an expert to France to investigate 
the possibilities of trade in Australian precious stones. 
On his recent return to Sydney, states the Industrial 
AustidUan and Mining Journalf the expert expressed 
confidence that an important business between France 
and Australia will be done in the future, France, 
he asserted, is keen on securing tlie trade previously 
held by Germany. Agents previously bought the 
precious stones on Ai^tralian diamond fields and 
shipped them to Germany, where they were cut and 
polished and distributed throughout the world. 
France is now in a posi^cm to take Gcrniany's place, 
for she has made great krides in the gem-cutting 
industry, and the work being turned out decidedly 
superior to that executed by German gem-cutters. 
Australian gem^ stated expert^ received a great 
advertisement in the ' Lyons Fair, his collection 
exciting general admirati<m on account of the rare 
quality, variety, and distinctive characteristics of the 
stones exhibited. — Board qf Trade Journal. 

Iron and Steel Institute.— The Autumn Meeting 
of the Iron and Steel Institute 'mil bb held ISy invita- 
tion of the ^mit^ des Forges de France, in on 

Monday aiid Tuesday, S^ember 5 and" 6, 1921. At 
the conclusion of the |®&ting in Paris, alternative 
visits have been arran^d'to works in Lorraihe and in 
Normandy, and a panycof the members have Been 
invited to visit the CteSisot Wdrks of M.M. Schneidei: 
& Go. In order that^preper arrangmnents may be 
made, it is nec^sqty feat jthe number likely , tq 
part hi the mbeting stogSH^^^soeitamed before June 
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Egypt : Tenders Invited for General Stores. 
— His Majesty's Commercial Agent at Cairo, Mr. E. 
Homan Mulock, has forwarded to the Department of 
Overseas Trade copies of the specification and 
conditions of tender relating to the supply of general 
stores, to the Egyptian Ports and Light-houses 
Administration for the second half of the financial 
year 1921-1922. Tenders will be received by the 
Director-General of Ports and Light-houses Adminis- 
tration, Alexandria, up to noon on June 13, 1921. 
The tenderer must be a person residing in Egypt or 
must have a representative in Egypt. In view of 
this condition United Kingdom firms who are not 
represented in Egypt may care to avail themselves 
of the services of a firm with an Egyptian branch 
through which tenders could be submitted. Names 
‘Of suitable firms will be supplied on application to 
the Department of Overseas Trade. A copy of the 
specification and conditions of tender relating to this 
contract may be inspected by United Kingdom firms 
interested on application to the Enquiry Room, 
Department of Overseas Trade, 35, Old Queen Street, | 
S.W.i. A limited number of copies are also avail- 
able for loan to firms in the Provinces who are 
unable to arrange for their inspection in London. 
Applications for these should bear the reference 
number 5034/F.E./P.N. 

Postponement of Prof. Einstein’s Lecture. — 
Owing to the postponement of the sailing of the 
Celtic^ on which he had booked his passage from 
America, Prof. Einstein is unable to lecture at 
King’s College until Monday, June 13, at 5.15 
p.m. All the tickets which have been issued for 
June 9 will be available for that date. 

Displacement of Metals in Saline Solutions. 
— Existing in an aqueous solution of one of its 
salts, m form of ions, a metal gives place to any 
more electro-negative-element than atself, or 
according to Nemst, of a sufficiently great disso- 
lution tension with regard to the metal. Such is 
the case with copper displaced by zinc, and M. 
Barlot studied this phenomenon working with a 
thin homogeneous liquid layer. Thus arborisa- 
tions are produced in form of a fan, ‘^metallic 
spectra” in formation of which it seems that elec- 
tric forces play a very important rfile. — CamfUs 
Rendtis, February 14, 1921. 

Visit of the Commercial Secretary to H.M. 
Embassy at Athens.— -Mr. E. C. D. Rawlins, 
Commercial Secretary to H.M. Legation at Athens 
has arrived in this country on a short official visit. 
He will be pleased to meet manufacturers and 
merchants who wish to discuss with him questions 
relating to trade with Greece, and who may desire 
information or advice regarding the appointment 
of agents, marketing and distributing goods, 
terms of pa3Tiient, Customs duties, or general in- 
formation as to openings existing for British 
goods Applications to interview Mr. Rawlins in 
London between May 26 and June 3 should be 
made immediately to the Department of Overseas 
Trade, 35, Old Queen Street, S.W.i., the refer- 
ence number 3057 -T.G. being quoted. It is in- 
tended that Mr. Rawlins shall subsequently visit a 
number of provincial centres. 

Congealing Point of Mineral Oils. — ^Accord- 
ing to E. Lantos, mineral oils containing paraffin 
in solution do not comply with ordinary cryo- 
^S€X)I 31 C rules In tHp* ml i’ndnctrv 


of congelation is not determined, but the solidi- 
fication point, viz.j the temperature at which an 
oil, in a tube cooled with a mixture of snow and 
a solution of soda, and then turned with the open- 
ing downwards, does not change its meniscus 
during 30 seconds. In general, the slighter the 
viscosity, the lower the point of solidification. 
However, in refining two Roumanian oils it was 
found that although viscosity decreased, the point 
of solidification increased, from —20° C. 10—15®*$ 
C.). Galicia oils (Limanowa) containing paraffin 
oil had high solidification points. For example, 
a refined oil, rich in paraffin, with a viscosity of 
2*29 had a solidification point at -Pio*’ C. When 
the paraffin is extracted, the viscosity falls to 1*85 
and solidification to — 20® C. These results lead 
to the conclusion that solutions in which the sol- 
vent and dissolved body are homologues do not 
comply with cryoscopic laws. — Matieres Grasses, 
February 15, 1921. 

Practical Methods Employed in the Stearine 
Industry. — The following observations are taken 
from a series of articles by Knor in the Seifensie 
der Zeitung. The oils and fats utilised in 
stearinery are kept in well-ventilated buildings 
with blue glass windows. They are purified by 
washing with sulphuric acid (;3? = ri6) and de- 
odorised by blowing of compressed air after heat- 
ing in a vacuum to 105® C. to eliminate water; 
then they are hydrolysed in an autoclave with 
steam at u>i2 atmospheres in presence of 3 per 
cent CaO, i to 1*5 per cent MgO, i per cent ZnO or 
o’sper cent zinc powder, preferably a mixture of 
0*5 ZnO and 0*5 Zn. Magnesia is preferable for 
black fats and zinc powder for fats which are not 
distilled. Fish oils and vegetable fats require a 
greater percentage of hydrolytic agents and higher 
pressure. When hydrolysis is complete (after 8 
to 10 hours) the steam valve is opened and the 
mixture let rest for two hours, for separation of 
the glycerin water; then the two layers are ex- 
tracted from the autoclave. The soap is decom- 
posed by running the fatty acids into boiling sul- 
phuric acid (fi? = i'i6). The normal density of the 
glycerin water attains i'0325. — Matieres Grasses , 
February 15, 1921. 

Borax and Saltpetre. — ^All fertilisers contain- 
ing more than 0^5 per cent of anhydrous borax has 
been prohibited by the United States Minister of 
Agiiculture. Regarding this regulation, Senor 
B. Diaz Ossa {Caliche ^ 1920, T.i., No. ii) des- 
cribes the methods to eliminate this substance 
from residual nitrate of soda lyes from which 
nitrate of potash is recovered and directly em- 
ployed in agriculture as fertiliser. He criticises 
the sulphurous gas process or that with bisulphite 
of soda as also that consisting in discharge of the 
liquid during crystallisation before this pheno- 
menon is terminated. He recommends employ- 
ment of calcium chloride to form an insoluble 
stable borate during concentration of the mother 
waters. After separation, complete crystallisation 
is operated. The proportion of CaCla should be 
accurately calculated so as only to precipitate boric 
acid; the liquid should be neutral or slightly 
alkaline. The writer concludes with some re- 
marks upon analysis of saltpetre from the point 
of view of American requirements. — Ckimie et 
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Finsbury Technical College — The Governing 
Body of the Fmsbur> Technical College announce 
that the entrance examination for the session 
1921-22 will be held on Tuesday, September 20 
next Applications foi admission should be for- 
warded to the Co-llege not later than September 
i5j on forms to- be obtained from the Registrar, 
Leonard Street,^ City Road, .E C. The programme 
of the College is under revision and will be issued 
in due course. We are pleased to learn that the 
work of the Chemical Department will be con- 
tinued; Mr. W. J. Hale is acting head of the 
Department. 

Mr. Henry Mayer, the Chairman of Henry 
Mayer & Co., Ltd., has left the Pottery and Glass 
Trades^ Benevolent Institution the sum of £^00 
to be used as an endowment in perpetuity, and the 
income applied towards providing an annuity or 
annuities for the widow or widows of members. 
The endowment to be known as the Henry Mayer 
Bequest. 

Principles of Analysis by Means of Reductive 
FLA 3 VEES; RESEARCH FOR TRACES OF MANGANESE IN 
Presence of Iron or Other Substances, — Con- 
tinuing the application of the method he gave in 
1Q14 (Congress of the French Association for the 
Promotion of Science), which consists in convey- 
ing away a solid salt or oxide in a flame of hydro- 
gen and photographing the spectra of the rays ob- 
tained by aid^ of an ingenious technique, M. I. 
Meunier applied this method to analysis of iron, 
thus being able to follow the elimination of man- 
ganese by the disappearance of the triplet of this 
metal. The^ method is very sensitive with pul- 
verulent oxides or oxalates. — Com'pies Rendus. 
March 14, 1921. 

We have received from the Royal Insurance Co. 
Ltd., their eighth edition of the “Rules of Golf,” 
as amended on September 28, 1920. It is issued 
in a practical and concise form, containing a com- 
prehensive index. The Company has also issued 
with the above edition a small leaflet, showing the 
differences between the old and new Rules, and 
especially relating to the new standard of ball, 
which we are sure will be appreciated by all 
followers of the “Royal and Ancient Game.” 

Visit of the Commercial Secretary to H.M. 
Embassy at MADRiD.—Captain U. de B. Charles, 
Comrnercial Secretary to H.M. Embassy at 
Madrid, has arrived in this country on a short 
official visit, and will be pleased to meet manu- 
facturers and merchants who wish to consult him 
in regard to steps to be taken for opening up trade 
with Spain, and who desire information as to the 
state of trade in that country. Among the matters 
in regard to which he will be prepared to give 
advice and infonnation are the appointment of 
agents, methods and marketing and distributing 
goods, terms of payment, statistics of imports, 
rates of Customs duties, and general information 
as to openings existing for British goods. Firms 
desirous of making appointments to interview 
Captain Charles in London from May 24 to June 
3 should communicate immediately with the De- 
partment of Overseas Trade, 55, Old Queen St, 
London, S.W. i., quoting the reference 3055 T.G 
If circumstances permit, it is intended to make 
arrangements for Captain Charles to visit other 
centres in the United Kingdom after June 3. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W C 2 , from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Apphcations. 

13664 — Adam, W. G — Manufacture of amines from phenolic com- 
pounds. May 13th. 

13180 — District Chemical Co,, Ltd.— Materials for purifying 
acetylene gas May 9th 

13210— Gaillard, E. A. — Manufacture of sulphuric acid. May loth. 

13675 — Hofftnan-La Roche & Co., Akt. Ges., F. — Process for 
manufacture of i-alley 1-3. 7-dimethylxanthine. May 13th, 

13656— Oehlrich, F J. G.— Process for production of a contact mass 
for catalytic synthesis of ammonia. May 13th 

13261 — Wilton, N.— Manufacture of sulphate of ammonia. May 
10th. 

specifications published this Week 
140051 — Sasa, H. — Manufacture of phthalic anhydride. 

145781— Collin Akt Ges. zur Verwertung von Brennstoffen und 
Mettalen, F G.— Method of discharging ammonium sul- 
phate from saturrater baths. 

Abstract Published this Week 

Naphthylew diamine Denvahves. — Mr. G T. Morgan of the 
Imperial Trust, 15, George Street, Westminster, has been granted a 
Patent No 160853 for improvements in the preparation of 
arylsulphonyl or arylenedisulphonyl derivatives of sc-naphthy- 
lenediamme or its sulphonic acids, by reducing the p-a2o denvatives 
of arylsulphnnyl-bis-sc-naphthylammes or their sulphonic acids 
containing the sulphonic radicle in the 2, 6, 7 or 8 position with 
respect to the arylenedisulphonylammo radicle. According to the 
provisional Specification, these bodies may also b^repared by 
reduction of the corresponding p-nitro compounds. The following 
reducing agents are mentioned as suitable zinc dust and caustic 
soda, zinc dust and ammonium, chloride, iron borings and dilute 
acids, alkaline sodium sulphide, stannous chlonde and titanous 
chloride. The p-azo derivatives above-mentioned are produced by 
condensing x-uapthylamme or its sulphonic acids in the positions 
specified with arylsulphomc aoid chlorides or arylenedisulphonic 
acid chlorides and causing the resulting^ compounds to react with 
diazonium compounds in alkaline media. Examples are given to 
the preparation of toluene-p-sulphony i-i ; 4 naphthyl enediamine 
and its 8-sulphonic acid, benzene 1; 3-disul phony I-bis-i 4- 
naphthylenediamine and its S-sulphonic acid, and naphthalene-a ; 
^disulphonyl-bis-i . 4-naphthalenediamine. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications amd will forward on post free for the official 
price of i/- each. 


NEW COMPANIES. 


The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C.a, 

W. H S. Clark & Co., Limited.— (i7472il—Registered 
13th May, 1921. 56, High Street, Lewes, Sussex To carry on the 
business of Manufacturers and Dealers in Manures and Fertilizers 
of all kinds and Dealers and Merchants of Farm and other Produce. 
Nominal Capital ' £6,000 m 120 Shares of ^50 each. Minimum Sub- 
scription* 20 Shares. Directors. W- H. S. Clark, 80, St. Helens 
Road, Hastings; H. J, Chapman, Ivy Bank, Sutton Park Road, 
Seaford; W. A. Cowley, Woodmgdean, Rottingdean, Near 
Brighton , F, Martin, Wasboume, Sheffield Park Street, Lewes ; 
A. Leggat, Mill Place Farm, East Grinstead; G. Hemsley. Boat 
House Farm, Isfield, Sussex. Qualification of Directors i a Shares. 
Remuneration of Directors; £25 each. 

Devon Cjhkmical Company, Limited.— {174769)— Registered 
19th May, 1921. Harlington, Newton Abbot, Devon. To carry on 
the business of Chemists ah<i Druggists. Nominal Capital; £^00 
in 500 Shares of £i each, Directors . G. F. Storey, 15, Ashleigh 
Road, West Park, Leeds; N. V, Stow, Harlington, Newton Abbot, 
Devon; A. W. Simpson, H tfield, Bonny bridge ; J H, Keighley, 
63, Argyle Street, Keighley; H, S, Prince, 22, Victoria Terrace, 
Leeds. Qualification of Directors' i Shaie. Remuneration of 
Directors : To be voted py Company 

Zeta Drug Company, LtsiiTgu.- (174787)— Registered «eth 
May, igai, r8o, Fleet Street, E.C.4.^ To carry on the business of 
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Chemists and Druggists Nominal Capital £500 in 5CX) Ordmaiy 
Shares of each. Directors : T. C. King, 15, Aldersgate Street, 
EC.; S. Westall, 37, Upper Berkeley Street, W.i. Qualification of 
Directors: Remuneratton of Directors. To be voted by 

Company in General Meeting 

Mabvn & Company, Limited, — {i748ooj— Registered 20th May. 
1921. To carry on the business of Manufacturing, Wholesale and 
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THE SOIL SOLUTION IN RELATION TO 
THE PLANT * 

By D. R. HOAGLAND, University of California. 

The soil and plant together form a multiple phase 
chemical system, and a more exact knowledge of 
the inter-relationship of the various components 
of this system is requisite to the advance of acien- 
tihc investigations of the soil in its relation to the 
plant. The fertility of any soil must be measured 
by its ability to produce some useful crop; thus 
the study of soil fertility cannot be dissociated 
from the study of plant growth. Perhaps these 
ideas may be considered too obvious to require 
statement, yet it is true that this point of view 
often fails to receive proper consideration in re- 
searches dealing with soils and plants, even when 
the avowed purpose is that of contributing infor- 
mation directly or indirectly applicable to crop 
production. 

Innumerable analyses of soils have been made 
to determine the total content of plant food, or 
to estimate what proportion of the total quantity 
IS soluble, under arbitrarily limited conditions, 
in hydrochloric acid, nitric acid, or other strong 
solvents, which at various times have been thought 
to bring into solution only the more or less avail- 
able soil constituents. Notwithstanding the enor- 
mous mass of data obtained in this manner, no 
general and consistent correlation with crop pro- 
duction has ever been made. The conceptions of 
the soil which underlie this type of experimenta- 
tion are essentially static in nature, while tl^ 
plant and the soil form a dynamic system in which 
rates of processes are all important. In this paper 
the writer has for his main purpose the further 
elaboration of the dynamic and physical -chemical 
viewpoint of soils and plants, first desiring to 
acknowledge his indebtedness to the work of the 
Rothamstead Station, the Michigan Station, and 
others, and to the investigations of Burd and 
Stewart at the University of California. 

Since dae plant obtains its direct supply of 
mineral nutrients only from solution, the soil solu- 
tion at once becomes the logical point of attack 
in investigations of plant nutrition. The difficul- 
ties met in researches in this field are manifold, 
and have been overcome only to a limited degree, 
but certain assumptions may be made with a very 
great measure of confidence. Whatever may be 
the forces by which the him water is bound to the 
soil particles, it must nevertheless possess many, 
if not all, the chemical properties of free solu- 
tions. Among these properties certain ones may 
become of paramount importance to the nutrition 
Df the plant, for example, reaction, osmotic pres- 
sure, and concentration of nutrient ions. There 
seems to be no valid reasc^ against the application 
physical-chemical principles applying to solu- 
tions which nourish the plant. 

During recent years . |3^ny researches have 
shown that the reaction or hydrogen ion concen- 
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tration of solutions is of far-reaching interest to 
the biologist. In the realm of soil investigations 
there has long existed the utmost confusion con- 
cerning the question of soil reaction. Many terms 
have been invented to describe a varying complex 
of factors, such as “sour soil,” “apparent acidity,” 
“so-called acidity,” “adsorption acidity,” “negative 
acidity,” &c. Numerous investigators have been 
loathe to acknowledge that a soil solution could 
be acid in the same sense as any other acid solu- 
tion, But we must of necessity recognise the fact 
that the soil solution is either acid, neutral, or 
alkaline. The investigations of the past few 
few years with the hydrogen electrode and special 
indicators seem to leave no doubt that many soils 
yield solutions with hydrogen ion concentrations 
greater than that of pure water. Such solutions 
are properly termed add, and the term requires 
no modification. 

Upon examining into the intensity of acidity 
(most conveniently represented by the customary 
i^H values) of such solutions, we find that there 
is no evidence to prove that the acidity ^er se is 
sufficient to be injurious to most plaints of agri- 
cultural interest, except in somewhat rare in- 
stances. This conclusion is upheld by experi- 
ments with solution cultures, which prove that 
plants may grow normally in solutions having in- 
tensities of acidity comparable with those found 
m most acid soils (D. R. Hoagland, 1918; 
Science, N.S., xlyiii, 1-8; 1Q19; Jour, kgr. 

Res,, xviii., 73-117). Further confirmation is 
afforded by observations on certain peat soils of 
California. In the^e soils many crops, including 
legumes, thrive and yef the acidity is of the order 
of 4, 8. The so-called lime requiremei^t of 
the soils is enormous, but the addition of lime has 
not^ resulted in increased crop yields. 

It is» of course, ufideniable that the practice of 
liming acid soils is most frequently beneficial to 
the plant, but it by no means follows that the im- 
proved environment is directly attributable to a 
decrease in the hydrogen ion concentration of soil 
solution. It hap beqn shown tnat aluminum in 
toxic concentrations may present in some acid 
sqils ; the decrease of acidity may accompanied 
by a decreased concentration of aluminum. In 
other cases the base-silicate equilibrium may be of 
such a nature as to prevent the attainment of a 
cqncentration of calcium sufficiently great for the 
needs of some plants; the addition of lime may 
alter this System remedy tk% deficiency. 

Many other possibilities could be suggested, in- 
cluding speculations concerning the effect of re- 
action on soil micrq-otjganisms. Those interested 
only in the art of agriculture niay object that it 
is immaterial what the mechanism na^Y he, by 
which an acid soil is mgtprpved by the upe of lime, 
but the scientfic inyestigator will desire to segre- 
gate out the diversej^actors of the complex system 
and assign to ^ach one its dpe weight. In no 
other way c^n the true relation b^ween soil re- 
actiou and plant growth be ascertained. 

Brief mentioii sj^uld be made df seals with alka- 
line soil solutioos^ Here also elementary physical 
chetnical principles assist in the interpretation of 
the data. Iqils coqfetpdng calcium carbonate are 
llpually referred ^ as alkaline soiJo, at^d it zs very 
generally maintaimed that most #ss^ema4Iy 

logmnino^ ^ medium. 

A more careful ^^m^ideratimt p ^ chfmical 
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equilibria leads to the inference that the soil solu- 
tion of a soil containing calcium carbonate is not 
necessarily always appieciably alkaline in _ re- 
action In such a system one must take into 
account the partial pressure of carbon dioxide in 
the gaseous phase of the system. It has been 
well established by the work of Russell and others 
(E. J. Russell and Alfred Appleyard, Jour. 

Sci.^ igiSj vii., 1-48) that the soil atmosphere may 
contain much larger percentages of carbon dioxide 
than the outer atmosphere. The real reaction of 
the soil solution will be dependent in part on the 
partial pressure of carbon dioxide. If this partial 
pressure be sufiiciently great a nearly neutral or 
possibly slightly acid reaction will be found m 
such soil solutions. The hydrogen ion concen- 
tration would be subject to continuous rnodifica- 
tion with fluctuations in the carbon dioxide con- 
tent of the soil atmosphere. Since the plant at 
certain periods may bring about a large increase 
of carbon dioxide in this atmosphere, it is evident 
that the' plant may exert an appreciable effect on 
soil reaction in soils of this character. The soil 
micro-organisms have a like significance in this 
connection. 

In arid regions soils are often found in which 
the reaction is determined by a sodium carbonate, 
bicarbonate, silicate system. Under these circum- 
stances an excessive hydroxyl ion concentration 
may sometimes exist, the intensity of alkalinity 
being sufiiciently great to destroy most useful 
plants. In general, for a similar divergence from 
the neutral point, within a limited range, the 
hydroxyl ion seems to be more toxic than the 
hydrogen ion. In these soil systems also carbon 
dioxide is an essential factor, and its presence 
tends to decrease the actual alkalinity of the solu- 
tion. Recent work has indicated that it is impos- 
sible to understand the effects of such soils on 
plants unless this factor be given consideration. 

While the reaction, or hydrogen ion concentra- 
tion of the soil solution is of extreme interest in 
many special cases, the concentration of the 
nutrient ions is of universal significance to soil 
fertility investigations. Two great obstacles have 
hindered progress in this field; first, the difficulty 
of separating the soil solution from the soil mass, ' 
and second, the fluctuating nature of the solution. 
Lipman (Chas. B. Lipman, Univ. of Calif. Pub. 
Agr.^ Sci.j 1918, iii., 131-34) and others have 
attempted to obtain the soil solution with the use 
of great pressure, but definite conclusions have 
not been formulated at the present time. The 
approximate magnitudes of ^ total concentration of 
solutes in the soil solution “have been determined 
by Bouyoucos and McCool (G. J. Bouyoucos and 
M. M. McCool, Mich. Agr. Exf. Sta. Tech. 

24, 1916, pp. 592-631) by means of an application 
of the method of freezing-point depression. Some 
of the results secured with the aid of this pro- 
cedure have thrown considerable light on the 
whole question, although it is not at all certain 
that the small difierences in depressions of the 
freezing-point noted in some investigations do not 
fall within the limits of experimental error. 
Observations from freezing-point determination 
indicate that the fertile soils examined had, at 
optimum moisture content, solutions of concentra- 
tions represented by from 0*05° C. to 15® C. 
freezing-point depression, when the concentrations 
were at the maximum. After the depletion of the 
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solution by the plant, the values frequently fell 
off to as low as 0-01° C, to 0*005° C., or even less 
(G. R Stewart, Jour, Agr, Res.^ 1918, xii., 311- 
68 ). 

Analyses of water extracts of soils, periodically 
carried out, have contributed greatly to our know- 
ledge of the solutes available to the plant. Studies 
on the relations existing between the freezing- 
point depression and the quantity of solutes dis- 
solved in water extracts have indicated that in 
general the concentration of the soil solution is 
reflected in the extract Still other applicable 
data have resulted from experiments on the equi- 
libria between soil extracts and soil mass (D. R. 
Hoagland, Jour. Agr. Res.^ 1920, xx., 381-95), and 
these have suggested that the ratios between some 
of the solutes may be similar in the soil solution 
and in certain types of water extracts. 

Incomplete as our information is, we may still 
construct on the basis of our present knowledge 
an outline of some of the important characteristics 
of a soil solution, pertaining to its nutrient pro- 
perties. It is very certain that soil solutions are 
of infinite diversity. The theory at one time ad- 
vanced by Cameron, to the effect that all soil solu- 
tions were saturated with respect to important 
nutrients is of course untenable. Indeed, the 
fallacies of this conception were long ago clearly 
pointed out by Russell (E. J. Russell, Jour. Agr, 
Sc.j 1905, i., 327-46). It has required the recent 
work, however, to establish more definitely some 
of the relations existing between crop and season 
and the soil solution. 

These relations can perhaps be conveniently 
illustrated by a brief reference to the California 
experiments. Large quantites of different soils 
were collected in one place, and after careful mix- 
ing, they were placed in containers, each of about 
one ton capacity. Two containers of each soil 
were installed, one being cropped to barley, and 
one remaining uncropped. Samples of the soils 
were taken every two weeks, and the water ex- 
tracts analysed. During the early period, while 
the plants were stilly very small, an increase was 
noted in the quantities of nitrate, potassium, cal- 
cium, and magnesium extracted. After the plants 
had begun to grow more rapidly, the amounts of 
these elements in the extracts started to decrease, 
and by the time the plants were well tillered and 
the heading-out stage had been reached, little, if 
any, nitrate remained, and in general very signifi- 
cant depressions of soluble potassium, calcium, 
and magnesium had occurred. Meanwhile the un- 
cropped soils failed to show these decreases in the 
water-soluble nutrients, although marked fluctua- 
tions were found, probably associated with cycles 
of activity of micro-organisms In these un- 
cropped soils the highest point in the seasonal 
curve was frequently attained at the time when 
the cropped soils were at a minimum. The water- 
soluble constituents of the latter slowly increased 
in quantity after the periods of greatest depression 
but the difference between the cropped and un- 
cropped soils persisted for a long time, sometimes 
being evident at the beginning of the following 
season. Later other crops than barley were ex- 
perimented with, and very similar results were 
obtained. 

The seasonal fluctuations which have just been 
described do not seem to hold for phosphate. The 
water-exti actable phosphate on the whole is main- 
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tamed at a fairly constant level throughout the 
season^ but different soils yield very different 
quantities of soluble phosphate. While no 
marked changes are noted during a single season, 
after a number of years of cropping some soils 
show a decided depression in the solubility of 
phosphate. Thus we may assume that the crop 
does produce an effect on the concentration of 
phosphate ion in the soil solution, but the chemi- 
cal system -involved requires special consideration. 
The total quantity of phosphate extracted from a 
soil is approximately proportional to the amount 
of water used, which is not true of potassium, cal- 
cium, magnesium, and nitrate. 

The next step in the investigation was to follow 
the absorption of nutrient elements by analysing 
the crop itself at various stages in the growth 
cycle. This task was undertaken by Burd (J. S. 
Burd, /. Agr. Res. ^ I9IQ> xviii., 51-72), and his ex- 
periments indicated very definitely that the absorp- 
tion of certain elements was characterised by 
several distinct phases, coincident with important 
stages in the development of the plant. Up to 
the time of heading out the total quantities of all 
elements increased in the tops of the plants. At 
this period a new phase began, during which a loss 
of nitrogen and potassium from the tops (and pos- 
sibly a slight loss of calcium and magnesium) 
occurred. Later there was a period of renewed 
absorption. 

Perhaps this course of events might be thought 
to be inherent in the growth of the plant. When, 
however, plants are grown in solution cultures^ 
and provision is made to maintain more or less 
continuously a sufficiently high concentration of 
the nutrient elements, absorption may continue 
throughout the cycle of growth. It would seem 
probable therefore, that both the diminution in 
concentration of the soil solution and changes in 
the internal metabolism of the plant are con- 
cerned in the phenomenon of loss of nutrient ele- 
ments from the tops as a whole. These con- 
clusions are based on experiments with barley, 
but there is reason to suppose that they are of 
more general application. 

At this point in the discussion the question 
naturally arises, what are the charactenstics of 
a soil solution producing maximum yields of crop ? 
Many of the soils referred to in this paper pro- 
duced very large yields of barley straw and grain. 
From this it must follow that the very low con- 
centrations of the soil solution in the later stages 
of growth were not unfavourable to the production 
of a large crop. The important period of absorp- 
of nutrients for barley occurred before the 
heading-out stage. These conclusions may not be 
valid for phosphate, since, as has been stated, 
this ion is probably maintained at a more nearly 
constant concentration in the soil solution, and, 
moreover, absorption of phosphate continues, even 
during the period of loss of nitrogen and potas- 
sium. In an artificial culture solution the de- 
crease in concentration occurring in soil solutions 
may be prevented. When this is done, and when 
the climatic conditions are suitable, a very large 
growth may be obtained fyotn a single seed. Here 
a special and somewhat abnormal condition is pro- 
duced, in which new cycfes of growth succeed each 
other and great delay in ripping processes may be 
brought about. It also appears that plants grown 
under these conditions may acquire yery high per- 


centages of certain elements, notably nitrogen and 
potassium. 

Having thus outlined some of the general re- 
lations of soil to plant, it may be well to consider 
for a moment the question of ratios between 
nutrient elements. Great importance has frequently 
been attached to the specific ratios between the 
salts used in preparing nutrient solutions. Certain 
definite proportions are claimed to be essential for 
optimum growth of a given plant. The writer 
feels that these claims are in no manner justified 
by the evidence adduced in their support. Very 
serious criticism may be made of the methods of 
experimentation and interpretation of data (D. R. 
Hoagland, Jour, Agr. Res,^ iqiq, xviii, 73 -ii 7 )- 
Another point of view bearing on this phase of 
nutrition may be gained by further reference to 
the soil experiments. It is obvious that terrestial 
plants have generally adapted themselves to 
growth in the soil, their natural habitat, and it^ is 
not unreasonable to draw certain deductions with 
regard to the nutrient requirements of the plant 
from data on soils which actually produce excel- 
lent crops. There is no evidence from observa- 
tions of this character that the plant is under the 
necessity of obtaiing its nutrients from solutions 
with definite ratios between the solutes. On the 
contrary equal yields may be obtained from soils 
which give extracts with very different proportions 
between important elements. As is well known, 
the composition of plants with respect to ash con- 
stituents may vary greatly. Moreover, a brief 
inspection of the curves of seasonal fluctuations 
for soluble nutrients will show that the ratios be- 
tween the solutes are constantly changing, since 
not all the elements are absorbed at equal rates, 
nor are they replenished in the soil solution in the 
same way. It is perhaps needless to state that 
extreme cases may occur,^ particularly in the^ so- 
called alkali soils, in which the balance of ions 
may become of importance. 

What, then, constitutes adequacy in a soil solu- 
tion? Accordmg to Burd (J. S. Burd, Jour. Agr 
Res,j 1918, XU., 297-309), the soil extract, even of 
a soil of inferior production, contains at any time 
a sufficient quantity of water-soluble nutrients for 
the needs of the plant, as judged by actual absorp- 
tion of these elements by crops growing in fertile 
soils. This apparent anomaly is capable of ex- 
planation when we take into account several im- 
portant factors which limit the interpretation of 
data obtained by the method of water extracion. 
In the first place it is to be noted that at the time 
of greatest depletion very little nirate remains in 
the soil. The analytical difficulties are of such 
a nature that an ovestimate of the supply of 
nitrate may be made when only small amounts 
are present. Also a large quantity of nutrients 
not actually present in the soil solution at a given 
time is dissolved from the soil mass by the excess 
water used in making the extracts. As already 
pointed out by Russell, (E. J. Russell, Jour. Agr. 
Sci.^ 190S, i., 327-46), diffusion is a ve^ important 
matter in this connection. Availability of 
nutrients should pmperly be measured by the rate 
at which liese are supplied to the absorbing mem- 
branes of the root system, but ex^p^riments based 
on water extracts cannot determine availability 
in this sense with any degree of aqcuracy. 'With- 
out doubt the colloidal nature of the soil and the 
type of plant must^e taken into^qq^^hlgtation. 
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For those and other reasons it may not be pos- 
sible to correlate the analyses of water extracts of 
soils with differences in productivity, except when 
the magnitudes are fairly large, but one is perhaps 
justified in believing that the seasonal curves for 
aqueous extracts of soils frewm the most secure 
basis so 'far considered for _ interpreting the 
nutrient properties of the soil in terms of plant 
production. Information leading to a greater 
appreciation of the role of the soil solution must 
also be fundamental to any rational explanation 
of the effects of fertilisers on soils and plants. 

Our thesis concerning the plant and soil as a 
chemical system brings us to the consideration of 
another phase of the whole question. The growth 
of the plant is dependent not onlj^ on the soil, 
but on temperature, light, and humidity — the 
climatic complex. It has sometimes been said 
that weather has more to do with crop yield than 
any modification which can be made in most soils. 
Furthermore, the climatic complex influences the 
soil solution directly and indirectly. The require- 
ments of the plant probably van" with its aerial 
environment, and the effect of the plant on the 
soil solution must likewise vary. Neither can the 
effects of climatic conditions on the activities of 
micro-organisms be neglected, since biochemical 
processes are of paramount importance in their 
influence on the soil solution. 

The dynamic view-point of soils and plants 
leads to certain very clear suggestions for future 
experimentation on soils. The rates of solubility 
carbon dioxide production, nitrification, absorp- 
tion of solut-es by different plants, &c., must re- 
ceive much more attention, and plants must be 
grown under definitely controlled environments. 
This means that in certain experiments light, tem- 
j^rature, and humidity should be subject to varia- 
tion at will. The difficulties of an adequate con- 
trol in soil and plant experiments are immense, 
but the field of research which would be opened 
by these refinements of experimental methods is 
unlimited in its opportunities. By such researches 
we may hope to understand to a far greater degree 
than heretofore the complex system of chemical 
reactions which determine every step in plant 
growth. 


THE ESTIMATION OF HYPOCHLORITES 
AND CHLORATES BY HYDRAZINE. 

By ALEXANDER KILLEN MACBETH. 

De Coninck [Com'pU Rend,, i8g8, exxvi., 1042) 
pointed out that hypochlorites, amongst other 
agents, were capable of oxidising hychraxine with 
the liberation of nitrogen ; but although the obser- 
vation was published Over twenty years ago, no 
attempts appear to have been made to apply the 
gasometric method suggested by the reaction to 
the estimation of hypochlorites in solution. 
Williams {Prec, Ckem, Sac., 1^12, xxviii , 32^) 
employed hydrazine for such estimations, but his 
method W'as a volumetHc one, the end point in the 
titration being determined by Starch iodide paper. 
His values for hypochlorite present in solution, 
obtained by this method, agreed with the results 
calculated from titrations with arsenious acid, 
and the leaction was accordingly represented 
according to the equatibn 

2M001+NHs.NHa*2MCl-fNs+2H*0. 

The gasometric method depending on the nitro- 


gen liberated is found to give good results, and 
furnishes a rapid and convenient means of esti- 
mating hypochlorites. The operations are accur- 
ately and quickly carried out if a Van Slyke nitro- 
meter {/. BioL Chem,, 1912, xii., 278) is employed. 
Solutions of potassium hypochlorite were prepared 
by passing a slow stream of chlorine into a cooled 
aqueous solution of caustic potash, an excess of 
chlorine being avoided. 5 cc. of this solution 
were introduced into the deaminising bulb, and 
7 cc, of an alkaline solution of hydrazine added. 
The latter is conveniently prepared by dissolving 
5-10 grms. of hydrazine sulphate and 10-15 grms. 
of caustic potash in 100 cc. of water. Nitrogen is 
rapidly evolved, and after the temperature has be- 
come steady the volume of nitrogen liberated is 
noted. Comparison of the values obtained by 
this method with those determined by titrations 
with arsenious acid or sodium thiosulphate and 
iodine show that the nitrogen is evolved quanti- 
tatively according to the equation given above. 
For example, in one set of experiments the hydra- 
zine estimation gave a result of 16*13 grms. of 
potassium hypochlorite per litre, the arsenic titra- 
tion gave a figure 16*063 grms., and the thio- 
sulphate method gave 16*11 grms. In another 
series the values were 23-55, 23*54, and 23*55. 
With more concentrated solutions a similar agree- 
ment was noted. Each cc. of nitrogen, measured 
at N.T.P., therefore corresponds to 0*008079 grms. 
HCIO or 0*004687 grms. HCIO. 

Very good results were also obtained in esti- 
mating the available chlorine present in bleaching 
powder, The reaction proceeds rapidly according 
to the equation 

CalOCBa+NH^.NHa -GaCla4-Nj,+HaO. 

Each cc. of nitrbgen, measuted at N.T.P., 
therefore corresponds to 0*006328 grms. of “avail- 
able” chlorine. Thus, a solution of bleaching 
powder which required 13*0 cc. of N/io arsenious 
acid for the titfatidn of 10 cc., was found on 
treatment with hydrazine to liberate 15*6 cc. of 
nitrogen at iS"*, 760 mm. from 20 cc. of solution. 
The former value givefe 4-6 grms. of “available^ 
chlorine per litre; the latter gives 4*^3 grms. 
Values obtained in another series of experiments 
were respectively 21*9 grms, and 21*88 grms. per 
litre. 

It is thus evident that the method is a rapid 
and accurate one for the estimation of hypo- 
chlbritfcs in the absence of free chlorine. Good 
results are not obtained if this is present. 

Hodgkinson </. Soc, Cheni. Ind., 1914, xxxiii., 
8a s) pointed out that alkali, and other, chlorates 
were acted upon by hydrazine salts in the presence 
of fragments of copper wire, copper oxide, iron 
and iron salts, and other catalysts. The chlorates 
are completely reduced, and^ the reaction pi'o- 
ceeds according to the equation 

2KC10»4-3N Ha. NHa, HNO 3 = 

i 6H30+3Na+3HN03+2KCl. 

In his estimations, Hodgkinson used an excess 
of the hydrazine salts, and after the reduction was 
complete, the excess of hydrazine was destroyed 
by treatoent with potassium permanganate and 
nitric acid; the chloride in solution was then 
determined in the usual way, and the original 
amount of chlorate was thus calculated. It 
seemed probable that the gasometric method might 
be conTeniently applied in the estimation of 
chlorates, but the results we obtained were highly 
unsatisfactory in all cases. 
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THE PURIFICATION AND SOME 
PHYSICAL PROPERTIES OF CERTAIN 
ALIPHATIC ALCOHOLS. 

By ROGER F. BRUNEL, J. L. CRENSHAW and ELISE TOBIN. 

{Continued from 258.) 

Boiling-Point AffaraUis — The apparatus 
finally adopted is shown in the original paper. 
It is 32 xnm. wide in the main part, and 53 cm. 
high. The air jacket is preferable to an asbestos 
wrapping since the behaviour of the boiling liquid 
can be watched. Tfie glass stopper is drawn 
down to a neck of 1 1 mm. diameter so that 
a small cork serves to hold the thermoelement. 
The same cork was used continuously so that any 
soluble material must soon have been extracted, 
and any absorbed alcohol could easily be driven 
out. Gold scraps were usually placed in the 
apparatus to facilitate boiling, but experiments 
without them seem to have proved them super- 
fluous. With this apparatus about 20 cc. of alco- 
hol sufficed for a test. 

'The side arm was made of tubing of 10 mm. 
internal diameter in order to avoid rise above 
atmospheric pressure with vigorous boiling. With 
a sufficiently narrow outlet tube such changes may 
occur, but this is a source of error easily avoided. 
The most persistent difficulty which we had to 
overcome was the fall in boiling 'point which 
always occurred with the higher boiling alcohols 
when the flame was raised and the violence of 
boiling increased. It was suspected that the back- 
flow from the condenser was the cause of this, 
and the apparatus with the return tube for con- 
densed liquid was therefore adopted. But this 
was not the cause of the trouble. The real cause 
was found to lie in the failure to dry the alcohol 
thoroughly. (The boiling-point of a perfectly 
pure substance can, as a matter of fact, be deter- 
mined with very few precautions as regards the 
apparatus. We finally tested the boiling point 
of n-butyl alcohol in an apparatus consisting of a 
tube 33 'mm. in diameter by 45 cm. high, with a 
side tube for condenser near the top, with no air 
jacket or insulation of any sort, but with sWid 
about the thermoelement. The result was identi- 
cal with that obtained with the other apparatus. 
It would appear that such an apparatus as that of 
Edwards (C.A.j 1918, xiL, 1261), in which care is 
taken to have the inner chamber surrounded by a 
jacket of vapour at the same temperature, in- 
volved somewhat unnecessary precautions. 
Nevertheless, a jacket of some sort is, of course, j 
desirable, since, otherwise, air currents interfere I 
with careful regulation of -the rate of boiling), i 

Drying Agents. — The alcohols were all originally 
boiled with and distilled from lime until no 
apparent further action occurred before fraction- 
ation was begun. The subsequent prolonged boil- 
ing during during the fractionation appeared to 
dry them completely. Wiien, however, the boil- 
ing points were tested, ir #as found necessary to 
repeat the drying. (See Young and Fortey, 
Chem, Soc,^ 1903, lxxxm.,^65, in this compiec^on. 
The remarks of Winkle^,, Ber.^ tpoSj xxxvm., 
3616, regarding over emph^l^ cqh^i|^s. 


has been placed on the hygroscopicity of ethyl 
alcohol, appear to us misleading. We find it im- 
possible to keep our compounds dry). We at first 
tried to distil the small quantities needed for the 
tests (about 20 cc.) from a drying agent into the 
well-dried boiling-point apparatus, but found it 
impossible to get a constant boiling specimen in 
this way. The tests have therefore been made 
with the drying agent in the apparatus. A test of 
the boiling point in this apparatus apparently 
shows the presence of the least trace of moisture, 
at least when the alcohol boils above 100®. With 
a sufficiently low fiame the water, in such a. case, 
gradually accumulates in liquid condensed in the 
upper part of the apparatus and in the condenser, 
beyond the point where it can be 'washed down. 
The boiling point gradually rises to a maximum, 
which has proved to be very close to the true boil- 
ing point of the alcohol, provided the amount of 
water present is not too great. Bi^t as soon as the 
rate of boiling is increased so that the walls are 
washed down^ ike iemperattire drops. Such 
fluctuations have often amounted to 0*3®, and 
were always observed with alcohols boiling abve 

ICO®. 

This explanation of these fluctuations ,is borne 
out by the fact that with sufficient drying the 
boiling point became constant. F urthennore, in 
the case of several specimens of alcohols which 
were not boiling constantly, the apparatus was 
tipped and the alcohol distilled through the side 
arm. The first few drops of such distillates in 
every case turned copper sulphate blue, while 
water was not detected in the main portion of the 
distillate by the same test. 

The complete drying of these specimens, pre- 
sumably nearly dry at the start, ^ was, however, 
so difficult that the action of drying agents was 
given special consideration. The matter does not 
appear to have been thoroughly discussed in the 
literature. When a metal or metallic oxide is 
used to dry an alcohol, the following set of equi- 
libria must exist as soon as hydroxide is formed : 

MOR+HOH 7 tMOH+HOR 

it it 

MOR MOH 

solid ' . solid 

M being the metal, and R the alcohol radical. 

The effectiveness of the drying agent will evi- 
dently depend upon (i) the ^uilibrium constant 
of the reaction in solution, which, however, should 
not vary greatly with different metals; (2) the 
solubility' of MOH and MOR. The so-lubility of 
the base should obyj^sly be as small as possible, 
while solubility of the alcoholate will be favour- 
able. 

In addition, the dissociation pressure of water 
over the hydroxide must be taken into account, 
although this is probably too small 'with any of 
the metals conceiiihd to be of any consequence 
(see Johnston, JdmF, Amer. Chem. Soc,^ 1908, 
XXX., i3S7>- " _ ^ 

The velocity with which a drying will 

act is ' a different matter. It enviously" depends 
upon the rate of reaction "wdlit wter, but when 
the concentration of water beconGtes low sd diat 
the velocity of “tefr^ejaction mth the 
is very ^n#l, a 3:ap|d acdon 




270 


Aliphatic Alcohols 


"Chrmical News 
. June 10, 1921 


with the alcohol, forming an alcoholate which is 
appreciably soluble, will be as effective as direct 
action with the water, since the alcoholate will at 
once react with the water, precipitating metallic 
hydroxide. 

Sodium^ in view of the above considerations, 
could not be expected to be an effective drying 
agent, by reason of the high solubility of the 
hydroxide. The addition of sodium to a specimen 
of 7z-butyi alcohol in the boiling point apparatus 
proved to be quite without effect. The fluctuation 
of the boiling point was the same after its addi- 
tion as before, while the maximum temperature 
attained with a low flame was 0*015° below the 
true boiling point. 

Lime should be much more effective. Lassar- 
Cohn (Lassar-Cohn, '^Arbeitsmethoden,'' 1906, i , 
265), quotes Smith (Smith, Arch Pharm,^, 1876, p. 
356) as having shown that 50 cc of alcohol in 
contact with lime contains only 0*0005 g* of solid. 
Since the hydroxide is probably less soluble than 
the alcoholate, the equilibrium must be driven 
far to the right, so that the alcohol is practically 
dry. 

The amount of water which could remain in 
such a solution, in the presence of lime is, more- 
over, limited to the amount which would have a 
vapour pressure equal to the dissociation pressure 
of water over calcium hydroxide at the tempera- 
ture concerned. At the boiling point of butyl 
alcohol, with which we have tested this question, 
117°, this pressure would be, according to 
Johnston’s {loc. cii.) equation, 0*00002 mm. It 
would appear that such alcohol could reasonably 
be called dry. 

Mendelejeft’ (Z. Chem.j 1865, p. 261) neverthe- 
less claimed that alcohol could take water from 
calcium hydroxide, and when difficulty was met 
with in drying the alcohols completely with lime 
the matter was tested by addition of calcium hy- 
droxide to thoroughly dried butyl alcohol. In the 
two most conclusive experiments w-butyl alcohol 
was first dried with aluminum amalgam until it 
boiled constantly at 117*705° and 117*707° respec- 
tively. The first specimen slightly hydrated 
lime, to the second freshly slaked lime dried by 
brief heating to 200° was added. In neither case 
was the boiling point altered by i /xv., even after 
further standing and boilmg. 

Calcium acts more rapidly than lime, largely 
because of the rapid formation of the alcoholate. 
In the only case in which we used it, however, a 
constant boiling point was not obtained, and since 
both Osborne, McKelvy, and Bearce {Jour. Wash 
Acad. Sci.j 1912, ii., 95), and Robertson and Acree 
{Ajner. Chem. 1913, xlix., 494) found that ethyl 
alcohol had a higher density when dried with cal 
cium than when dried with lime, it appears pos- 
sible that the calcium usually contains some im 
purity which renders it unsuitable for use. (The 
t^uble may be caused by ammonia. Winkler 
(Z. angew. Chem.j 1916, xxix., i., 18) describes 
a method of removing this. According to Dele- 
pine, {Jahrb. Chem.^ 1892, p. 196, ammonia raises 
the density of alcohol). 

Barium oxide appears to act more rapidly than 
lime, presumably, again, because it forms alcohol- 
ate more readily, at least with some alcohols. We 
have not found that it dries the alcohols more 


thoroughly than lime, which is not surprising, 
since any further reduction in the amount of water 
below what can eventually be reached lime, pro- 
bably could not be detected. 

Aluminum a?nalgamj recommended by Wisli- 
cenus and Kaufmann (Wislicenus, Ber.j 1895, 
xxviii., 1323 ; Kaufmann, /. 'prakt. Chem.j 1896, 
[2] liv., 54), we have found to be very effective. 
It dries butyl alcohol, with which it forms alcohol- 
ate readily, much more rapidly than zj^-propyl 
alcohol, with which the alcoholate formation is 
slow. In view of the fact that aluminum hy- 
droxide dissociates partially at 200°, it would 
appear that the dissociation pressure of water 
might be sufficient at 117° to prevent thorough 
drying of the alcohol. There is, perhaps, not 
conclusive evidence that aluminum oxide rather 
than hydroxide is not formed, or possibly a par- 
tially hydrated oxide. Some of our best tests were 
made with this drying agent, and although we 
did not discover that lime or baryta did not even- 
tually produce the same result, the aluminum 
hydroxide it nevertheless the most satisfactory re- 
agent we found, on account of rapidity of its 
action. 

Densities . — The densities have been determined 
with a pycnometer of the Sprengel type, with arms 
bent up and thermometer fused in, with a capacity 
of 8*2760 cc. at 25°. The thermostat is controlled 
to ±002° or better. To protect the liquid in the 
pycnometer from a fine, hardly visible spray 
thrown up by the vigoious stirring of the thermo- 
stat, small glass tubes, closed at the outer end, 
were fitted loosely over the arms. Without these 
It appeared that the density altered slightly when 
the pycnometer remained long in the thermostat. 
The density determinations are accurate to 
± 0 * 00002 . 

Reir activities — The refractivities were deter- 
mined with a Zeiss-Pulfrich refractometer. 
Accuracy to the fourth decimal in absolute value 
of the refractive index is barely obtainable with 
our instrument, although occasionally a 5 in the 
Mth. decimal is thought justifiable. Constant tem- 
perature was secured by a slow current of water 
run through a copper coil in the thermostat. ^ 

As regards the relative value of the varic^us 
physical properties as a criterion for the purity 
or identity of such substances, it is to be noted 
that we have had no difficulty in preparing speci- 
mens agreeing in boiling point to 0*01°. The 
agreement in refractivity to the fourth decimal 
has also frequently been satisfactory. Neverthe- 
less, the determination of the density to the fifth 
decimal has in some cases shown such specimens 
not to be identical. If these are assumed to be, 
respectively, the degrees of accuracy easily attain- 
able in the determination of these constants, it is 
evident that the densities are the best test o>f the 
puritv of the substances. 

Preparation of alcohols. — Ethyl, w-propyl, w- 
butyl, and z>^7-butyl~ alcohols were the best com- 
mercial products obtainable. 

The secondary alcohols here described, as well 
as others not yet fractionated, were prepared by 
catalytic reduction of ketones under pressure, with 
nickel oxide as catalyst. The method is, in prin- 
ciple, that of Ipatiew (C.A.j 1907, i., 2878, and 
other articles in the /. Russ. Phys. Chem. Sac,), 
althoueh the annasatus was desiirned bv Berlins 
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(somewhat like that described by Bergius, 
Dissertation^, Halle, igi3). 

The bomb is a steel tube, 60 cm. long, and 30 
mm. inner diameter, with i cm. walls, rotated in 
a horizontal position in an electric furnace. The 
capacity is 260 cc., and it is usually half-filled 
with ketone. The reduction goes on rapidly at 
any pressure above about 45 kg., at temperatures 
of 150-200°, but in order to accelerate the reaction, 
as well as from the necessity of introducing the 
requisite quantity of hydrogen, an in tial ^pressure 
of 1363 kg. is usually used. This quantity of 
hydrogen will react completely in less than 10 
minutes. 

This method has several advantages over that 
of Sabatier and Senderens and their collaborators, 
once the apparatus is installed. The catalyst mav 
be prepared with much less care, nickel nitrate 
being heated to redness; the oxide need not be re- 
duced to metallic nickel ; commercial electrolytic' 
hydrogen is pure enough, and oxygen need not be 
excluded with particular care; by taking care that 
there is an excess of hydrogen (usually about 230 
kg ) during the final heating, the reaction, which 
is reversible, can be driven practically to com- 
pletion and 130 cc. of almost pure alcohol can be 
prepared per day. 

Experimental part. 

All of the boiling points recorded have been re- 
udced to 760 mm. to facilitate comparison. Since 
the values recorded in the literature for dT /dp are 
not in agreement, even for ethyl alcohol, we 
have used values deduced from the boiling points 
of our own specimens on different days. The dis- 
agreement in the values found for dT /dp is doubt- 
less due to the fact that this property is very sus- 
ceptible to the influence of impurities if their 
boiling point differs greatly from that of the 
alcohol. 

The boiling points in the determinations with 
the thermoelement were in some cases constant 
to 1 /XV. (o*oo2°), or less. ' Where they were not 
constant, the temperature given is the maximum 
and the magnitude of the fluctuation is indicated. 
The values obtained by the authors at the Bureau 
of Standards are also given. The differences be- 
tween these values and those eventually obtained 
are doubtless due to the moisture of the specimens. 
These values are, however, near enough to those 
obtained with the thermoelement to show that 
there is no error of great magnitude in either set 
of values. 

Where distillation with the thermoelement is 
mentioned, the data refer to the distillation of 
small specimens from the boiling-point apparatus. 

Complete data are given for the final distillation 
of many of the specimens. In particular, they are 
given where the constant boiling portion of the 
distillate was divided into several fractions. The 
temperature ranges for the fractions are based on 
the thermometer readings, but the actual tempera- 
tures are all corrected in accordance with the best 
value obtained for the boiling points, ^ 

Ethyl , alcohol. — Boiling point : (i) thermo- 

element : aluminum amalg^3?i, 78*317° (77-^79° 
at 750*35 mm.); (2) thermometers: 78*31®, 78*32°, 
78*33° ; mean, : 78*32 ; (3) obtained by the autSors 
at the Bureau of Standards, 78*42°. The best 


specimens distilled entirely at constant tempera- 
ture, except for less than a grm. at the beginning. 

n-Propyl alcohol . — ^Boiling point: (i) thermo- 
element: aluminum amalgam, 97*19® (o’oi°); (2) 
thermometers: 97*19®, 97^*19°, 97* ^7° 5 (3) obtained 
by the authors at the Bureau of Standards, 97*12°. 

In view of the particularly numerous and dis- 
cordant values for the physical properties of 
propyl alcohol recorded in the literature, the fol- 
lowing data for the distillation of our best speci- 
men are given. 

A. Weight before distillation, 216 g. I. 97*04 
—97*17°; 5 g. n. 97*17-97*19°; 27 g. HI. 
97*19°; 114 g. . ^ 

The temperature remained constant until the 
distillation stopped, but the amount of alcohol left 
in the still was much larger than usual. Data 
for our other specimen are given in Table I. 
below. 

Iso-propyl alcohol . — Boiling ooint : (i) thermo- 
element : boiled 4 hours with lime and distilled, 
82*239-82*263° ; boiled 6 hours with lime and dis- 
tilled; 82*257-82*267°; boiled 4 hours with alumin- 
um amalgam, 82*259° (0*004°); (2) thermometers, 
82*27°, 82*28°, 82*29°* mean: 82*28°; (3) obtained 
by the authors at the Bureau of Standards, 82*25°. 

This alcohol was distilled in glass columns for 
fear of re-oxidation by contact with the brass, but 
this was later found to be a needless precaution. 
The data for the best specimen (A) are as follows : 
wt., 210 g. L, 82*12-81*25°; 8 g. II., 82*25- 
82*26°; 14 g III., 82*26°; 147 g. IV., 82*26°; 

30 g. 

The data for physical properties of other speci- 
mens are given below. 

n-Butyl alcohol , — Gentle boiling with ^e drying 
agent does not dry the alcohols boiling above 
100°, since the water distils out of the liquid and 
remains in the condensate in the upper part of the 
apparatus. It is necessary occasionally to boil the 
alcohol up vigorously and wash the apparatus 
down. 

Boiling point; (i) thermoelement: boiled with 
barii^ oxide, 117*706° {0*003°); same 117*707°, 
maximum, not constant ; metallic calcium, 
117*712° (fluctuations, o*oi°) (this was not a very 
reliable determination, and does not indicat'e in- 
feriority of the calcium as a drying agent). Alu- 
minum amalgam, 117*705° {0*003°); same, 

117*707° constant; (2) obtained by the authors at 
the Bureau of Standards, 117*686°. 

For the alcohols above 110°, the values obtained 
with the thermometers during the distillation are 
in such disagreement as to be of no value. In 
this case they disagreed by over 0*1°. ^ 

Data for distillation of two specimens from 
different sources follow; (A) I., 117*69-117*70°, 
iQg.: II., 117-70-117*71°, 16 g, ; IIL, 117*71°; 303 
g. (B) \n., 610 g. L, 1 17* 54-1 17*64°, 9 g. ; II., 
117*64-117-67°, 36 g.; III., 117*67-117-70°, 4S g-; 
IV., 117*70-117*71°, 28 g.; V., 117*71°, 251 g, ; VI., 
117-71% g- ; VII., 117-71% 6s g. V., VI., VII., 
total, 419 g. 

The low boiling fractions in B are larger than 
they should h|we berf" owing to poor control of the 
rate, which rMched too drops a minute at times. 
To secure small low boiling fractions it is advan- 
tageous to conduct that part of the distillation 
very slowly. The constant boiling portion in B 
was again divided. , , , 

fTo be continued). 
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PRESENTATION TO 
DR. FREDERICK BEDDING POWER 

(Late Director, Wellcome Chemical Research Laboratories 
London). 


The presentation of a medal, conferred by Mr. 
Henry S. Wellcome, took place in the Assembly 
Hall of Cosmos Club, Washington, U.S.A., on 
May 9, 1921. 

Dr. David Fairchild opened the meeting by 
leading letters from the following gentlemen, ex- 
pressing regret for their inability to attend the 
presentation : Dr. Thomas B. Osborne, of New 
Haven, Conn., Pi of. Marston T. Bogert, of 
Columbia Univeisity, New York City, Prof. Chas 
Baskerville, of the College of the City of New 
York, Prof. W. A. Noyes, of the University of 
Illinois, Prof. Rodney H. True, of the University 
of Pennsylvania. After reading the letters he 
stated that the meeting was open. 

Dr. Charles D. Walcott, Secretary of the 
Smithsonian Institution, and President of the 
National Academy of Sciences, then read the fol- 
lowing presentation address . 

“Ladies and Gentlemen — We have gathered here 
this afternoon to do honour tO' Dr. Frederick 
B elding Power, who, for 50 years, has spent his 
thinking hours among the complicated molecules 
of organic compounds', who because he possesses 
that peculiar faculty of exhausting each subject 
which he takes up, has had the greatest influence 
both in America and Great Britain in raising the 
standard of our pharmacopoeias; who has gained 
distinction by his most difficult and life-consuming 
researches into the chemical composition of plant 
compounds. 

As a lasting tribute to these 50 years of research 
and in commemoration of those which he spent as 
Director of the Wellcome Chemical Research 
Laboratories of London, I have been asked . by 
Mr. Henry S. Wellcome, their founder, to present 
him with this gold medal, which bears the follow’- 
ing inscription: “To Frederick B. Power, PhD., 
LL.D., in recognition of his distinguished services 
to science during years as Director of the 
Wellcome Chemical Research Laboratories, Lon- 
don. Presented by the founder, Henry S. Well- 
come, 1914." 

Dr. Power graduated from the Philadelphia 
College of Pharmacy in 1874, in the same class 
with his life-long friend, Mr. Wellcome, who 
urged him to pursue his studies in Germany. He 
spent the years from 1876 to 1880 in Strassburg, 
becoming the assistant to Flueckiger, one of the 
greatest pharmacologists of Europe. Returning 
to America, he spent nine years in the organising 
and building up of the Department and School of 
Pharmacy in the University of Wisconsin, four 
years in researches on essential oils in a newly- 
organised chemical works near New York, and in 

1 80 Mr. Wellcome appointed him Director of 
his chemical research laboratories in London. For 

181 years he devoted his time exclusively to chemi- 
cal research, and the direction of a staff of re- 
search workers under him. 170 in^ortant scien- 
tific memoirs were published from the laboratories 
during this period. These covered a wide field of 
investigation, for which material was obtained 
from all parts of the world. Among these a very 
notable and complete study was made of the East 
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Indian chaulmoogra oil, which resulted in the dis- 
co verj of some physiologically active acids of an 
entirely new t>'pe. These form the basis of the 
new treatment of leprosy which gives promise of 
effecting a complete cure of one of the most 
terrible diseases of mankind. 

During these years in London, Doctor Power 
had the opportunity of meeting and forming the 
close friendship of the foremost scientific men of 
Great Britain. The recogniton of his work by the 
leading chemists and other scientists of Europe 
would bfe perhaps exemplified in the high tribute 
paid to him by the late Lord Moulton, one of the 
most learned and versatile men in Europe, who 
was entrusted by Kitchener with the task of pro- 
vlucing the high explosives for the war. Shortly 
before his death, he chided Mr. Wellcome for per- 
mitting Dr. Power (who for family reasons had 
icturned to America) to leave Great Britain, for, 
as he remarked, “there was no one in Europe who 
could fill his place." 

In 1908, the University of Wisconsin, com- 
memorating the 25th anniversary^ of the foraiation 
of its Department of Pharmacy, conferred upon 
Dr. Power, its founder, the degree of LL.D., and 
in 1913 the Chemical, Linnean and Pharmaceuti- 
cal Societies of London awarded him the Hanbury 
Gold Medal, a distinction only once previously 
bestowed upon an American. This was fo-llowed 
by the presentation of an illuminated address and 
an album containing the signatures of contributors 
from many parts of the world. 

Dr. Power, in recognition of your distinguished 
services to science and in commemoratio-n of the 
years which you spent as Director of a laboratory 
devoted to chemical research, 1 have the honour 
to present to you this gold medal of appreciation 
from your life-long friend, Mr. Henry S. Well- 
come, who, although with us this afternoon, is un- 
fortunately prevented by a severe throat affection 
from addressing us himself. In presenting it he 
wishes to explain that war conditions have pre- 
vented its earlier execution and presentation." 

^ Dr. Power acknowledged the medal as follows : 
“Dr. Walcott, I feel it to be a great honour to re- 
ceive at your hands the beautiful medal which my 
friend, Mr. Wellcome, has so kindly and generous- 
ly bestowed upon me, and I deeply appreciate the 
sentiments which you have so eloquently expressed 
concerning my work. I can assure you. Dr. Wal- 
cott and Mr. Wellcome, that this memento will 
always be regarded by me as one of my most pre- 
cious possessions. It is difficult and well-nigh 
impossible on an occasion such as this to express 
adequately in spoken words the thoughts that are 
uppermost in my mind, for there are many happy 
recollections when a friendship formed in boy- 
hood has continued uninterruptedly during a 
period of nearly half a century. I cannot but be 
reminded that it is just 25 years ago this month 
when I left America for London to undertake the 
organisation of the Chemical Research Labora- 
tories which Mr. Wellcome desired to establish, 
and that the first public announcement of his pur- 
pose was made on the evening of July 21, 1896, in 
a beautiful salon of the great metropolis, where, 
by the invitation of Mr. Wellcome, a number of 
the most distinguished scientific men of 'England 
were asesmbled, whom it was my privilege to 
meet. One of the guests on that occasion was the 
late lamented Lord Moulton, whose brilliant legal 
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career and service to science, especially during the 
strenuous years of the Avar, have won for him an 
enduring fame. The work that was so auspiciously 
inaugurated on that July evening it was my privi- 
lege to conduct for a period of i8i years, and, 
although years of hard and earnest toil, they were 
replete with happy associations, and I trust, not 
without some benefit to the science that it Vas my 
endeavour to serve. 

There is one dominating thought that I should 
like particularly to convey to my friend Mr. Well- 
come, and that is embodied in an expression of 
gratitude. I am grateful foi the encouragement 
and inspiration received from him on our journey 
through life, for we -have travelled long and fai 
together, but above and beyond all, I am grateful 
for having possessed through so many years so 
kind, generous, and true a fiiend For this latest 
expression of your kindness, Mr. W’eilcome, I beg 
you to accept my warmest thanks, and I desire 
also to extend my hearty thanks to Dr. Walcott 
for having so happily conveyed to me your beauti- 
ful gift.” 

Dr. WiUXOTT then adjourned the formal meeting 
after inviting all those present to meet Dr. Power, 
and to add a word of personal appreciation to 
those given formally. A social hour followed, 
with light refreshments. 


PROCEEDINGS OF SOCIETIES. 


SOCIETY OF GLASS TECHNOLOGY. 

The May Meeting of the Society of Glass Tech- 
nology was held m the Applied Science Depart- 
ment, the University, St. George's Square, 
Sheffield, on Wednesday, May i8, iq 2 i , at 2.30 
p.m., the President, Dr. Morris Travers, F.R.S., 
in the Chair, 

The first paper was entitled Shrinkage^ 

Porosity^ and Demiiy of Briiish Firetlays after 
Firing at 1500° CP By EDITH N. FiRTH, B.Sc. 
and W. E. S. Turner, D:'Sc. The paper was 
illustrated by lantern slides and by specimens. 

Prof. Turner, who gave the paper, said :“The 
paper and the data which are to be presented re- 
present a continuation of the work ivhich has been 
done, and details of which were supplied a year 
ago here at Sheffield, on certain physical proper- 
ties of British clays taken from different sources 
throughout England, and one or two sources in 
Scotland. The first paper gave an account of cer- 
tain general characteristics, and the amount of 
shrinkage which was observed when samples of 
these clays were heated at various temi>eratures 
up to 1400° C. In addition to the shrinkage, the 
porosity of the different samples w'as determined, 
and two other properties, perhaps of less impor-v 
tance, namely, the density, both actually of the, 
clay itself, and the apparent density of the fired 
pieces. Another point in connection with the tests 
mentioned at the time was that the firing was not 
carried out by heating the^lay slabs up in com- 
pany with a seger cone .and then taking out 
slabs as soon as the certain cone had begm^ to* 
squat, but the sl^s were h^ted up in an 
cally-fired furnace until tSe- shrinkage ^^ained^ 
constant. It was the desire ^of the -workers, Wdf 


certainly necessar>’ for information’s sake, es- 
pecially in the somewhat hotter furnaces used in 
the glass industry, that the measuring should be 
carried to a still higher stage, in fact, at as high 
a temperature as possible. Attaining a higher 
temperature, especially beyond 1400° C,, is by nc 
means easy, but at any rate, measurements haye 
been carried out at 1500° C. We hope that a still 
further stage may be reached at some time. Re- 
sults presented deal with the same set of clays as 
previously, 27 of them in number, and they have 
had their shrinkages and their porosities, as well 
as the actual density and the apparent density 
determined between 1400'' and 1500° C. Some 
further change occurs with all the samples. Con- 
sidei liist of all the shrinkage. In eight cases 
there is not a further contraction, but an actual 
expansion ; the shrinkage is negative In the case 
of the porosity there are two only which shmv a 
distinct increase in porosity betAveen 1400° and 
1500° C., all the remainder showing either small 
or in some cases quite a large diminution of 
porosity. 

In regard to the actual extent of the shrinkage 
where further shrinkage was found, it was con- 
siderable in the case of the Ayrshire bauxitic clay, 
Wortley clay, one of the Yorkshire clays, and 
also one of the Stourbridge clays In regard to 
the porosity, the two clays which give an increased 
porosity are both of them Yorkshire clays. 

Now increased porosity is a change which is not 
to be desired because it will usually be a sign of 
the phenomenon of blistering, which takes place 
when clays are heated above a certain tempera- 
ture 5 that is to say, are *^over-fired.” What takes 
place precisely at this point we have no ver>’ pre- 
cise information, other than this, that the material 
gets spongy, not only the surface, but the interior 
mass begins to swell, and loses its value as a re- 
fractory material. There are some seven clays 
which show' blistering, and therefore are not 
usable outside the range between 1400® and 3500° 
C. Those clays are Kilmarnock, Wortley, a 
Geiman clay (Grossalmerode), two Halifax clays, 
and two Stourbridge clays, the worst being Hali- 
fax clays.' In five Out of the seven clays the 
blistering is onir at the surface. There is a 
general swelling developed in two of them. These 
are Jhe two Halifax clays. That means that they 
are not capable of being used beyond the 1400® 
limit. 

It has been shown in the first place that 25 out 
of 27 of the samples of British clays, excluding 
for the moment Grossalmerode, are capable of 
being used between 1400® and 1500®. This doefc 
not mean to sav that they should all l>e used. Of 
these 2$, six undergo expansion between 1400® and 
3500® C. ; in other words, their behaviour becomes 
somewhat irregular,* ^perhaps somewhat anoma- 
lous, and on that ground one would perhaps avoid 
using diem. 

Besides the results f stated, the actmi structure 
of the burnt pieces to be examined. Some 

of these samples haile been sent on tO Mr. G. 
V, Wilson, who h^- previously done .valuable 
work for the and we hope he imU ;ex- 

them. Our Ft^ident, Dr. ^ Tmvers, was 
' also making some vsaduable suggestions during 
lunch hour abom the Possibility of X-my toplin- 
and ^ I hdpetlT may fee ^ex- 

ajBpEmation,' ')sl^gests, 
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The second paper was entitled ^^The Effect of 
he Rays from Radium^ X-raySj and Ultra-violet 
lays on GlassJ^ By J. R. Clarke, M.Sc., 
^InstP, 

The results obtained by previous workers are 
ummarised^ and then experiments, which were 
:arried out in order to ascertain the effect of par- 
icular oxides^ and to see whether the concentra- 
ion of the oxide had any influence on the colour, 
ire described. Seven lime-soda glasses, three of 
vhich contained selenium, and three cobalt, were 
exposed to the action of the a-h^+7-rays, ^+7- 
rays, y-rays, X-rays, and ultraviolet rays. The 
6 rst six were coloured brown by the /?-rays, and 
the depth of coloration corresponding to the 
range of the /Q-particles in the glasses, and the in - 1 
tensity of the coloration being greatest on the sur- 
face and decreasing towards the interior; it in- 
creased with increased selenium and cobalt con- 
tent. As the radiation was prolonged, the intensity 
increased to a maximum, which depended on the 
percentage of colouring agent, and then remained 
constant; the intensity in the interior tended to- 
wards the same maximum as that on the surface. 
The seventh, pure lime-soda glass, was only 
affected by the o-rays, being faintly coloured on 
the surface only. None of the glasses were 
coloured by y-rays, X-rays, or ultraviolet rays with 
the exposures given. 

Ail the glasses fluoresced when kept in ladium 
emanation, but a “fatigue” effect was observed at 
about the same time as the maximum intensity of 
coloration was reached. It is thought that the 
a-rays are the chief agents in producing fluores- 
cence, though the )S-rays are also effective. None 
of the glasses fluoresced under the action of 
X-rays, but the pure lime-soda glass and the 
selenium ^ glass fluoresced slightly when exposed 
to ultraviolet rays. All the glasses exposed to 
radium emanation exhibited thermoluminescence 
with disappearance of colour at temperatures of 
100*, 160®, and 235“. 

The colouring of the glasses is concluded to be 
due to the formation of colloidal particles in the 
glasses. It is suggested that the presence of such 
particles may be explained by the action of the 
a- or ^-rays on dissociated ions already present in 
the glasses. The fluorescence is held to be due 
to mechanical bombardment of the glass molecules 
by the rays. 


SOCIETY OF PUBLIC ANALYSTS. 

Ordinary Meeting June i, 1921. 

Mr. Alfred Smetham, President, in the Chair. 

A Certificate was read for the second time in 
favour of Mr. W. N. Stokes, B.Sc., A.I.C. 

The following were elected Members of the 
Society : Messrs. Thomas Henry Pope, B.Sc., 
F.LC., Willi^ Ellard Woolcott. 

The following papers were read : 

^^The Comfosition of Egg Powder By F. F, 
Beach, T. E. Needs, and Edward Russell, 
B.Sc., F.LC. 

The authors record the results of the examination 
of the so-called egg powders, comparing them 


with ordinary baking powders. A table of com- 
positions is appended and it is suggested that a 
standard based on certain specified figures might 
be laid down for a minimum percentage of actual 
egg in such preparations. 

^^The Colorimetric Method of Determining 
Hydragen-lon Concentration : Some Uses in the 
Analytical Laboratory^ By Norman Evers, 

B. Sc., F.LC. 

The colorimetric method of determining hydro- 
gen-ion concentration by means of indicators is 
described. Examples are given of its usefulness 
in replacing titration methods in the determination 
of the “acidity” or “alkalinity” of various products, 
and of the purit^^ of certain fine chemicals. 

^^The Estimation of Woody Fibre in Cattle 
Foods P By F. Robertson Dodd, F.LC. 

The author, referring to the discrepancies be- 
tween the results of different analysts working on 
the same sample by varying processes, suggests a 
modification of the method which would tend to 
obviate this. 

^^The Sfectro metric Examinatioji of Certain 
Fixed Oils as a Means of IdentificationP By H. 

C. T. Gardner, 

The author’s observations go to show that mere 
spectroscopic examination of a fixed oil is not of 
Itself sufficient, but that evidence of identification 
can be obtained, in the case of certain oils, by 
measuring the positions of the terminations of 
visibility, together with the extent of visibility of 
the absorption spectra of various oils. Generally 
dissimilar oils exhibit dissimilar limits of visi- 
oility of their spectra. 


NOTES. 


Royal Institution.— A General Meeting of the 
Members was held on June 6, Sir James Crichton- 
Browne, Treasurer and Vice-President in the 
Chair. Miss G. Caton-Thompson, Sir John Collie, 
Mr. N. G. Hallett, Dr. H. R.. Le Sueur, Mrs. 
Sidney Turner, Mr. J. Whitehead, and Dr. 
Leonard Williams were elected Members. The 
special thanks of the Members were returned to 
Sir Humphry Davy Rolleston for his present of 
a safety lamp which was in the possession of Dr. 
John Davy, brother of Sir Humphry Davy, and to 
Sir David L. Salomons for his present of a 
privately-printed “Life and Study of the Works 
of Breguet, the famous Watchmaker”; Arago’s 
watch and two others ef special interest, the first 
working aneroid made by Vidi m 1857, and a 
series of models illustrating the development of 
the chick. 

Conjoint Board of Scientific Societies,— The 
Fourth Report of the Conjoint Board shows that 
the Board has received evidence that scientific in- 
vestigation is being seriously hainpered by *the 
heavy cost involved in the publication of results. 
An exceptional number of papers are being com- 
municated to the scientific societies, including 
many held up during the war, while the resources 
of the societies, which have not increased, are in- 
sufficient at present prices to publish even the nor- 
mal pre-war number. The country is thus in 
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danger of being seriously handicapped at a time 
when the rehabilitation of industry is in most 
serious need of scientific assistance. Much of the 
Report is occupied with a short abstract of the 
Third Report of the Committee on the ** Water 
Power of the Empire.” It is shown that too little 
]s being done to ascertain the total resources, or 
to secure uniformity in investigation and record. 
It IS urged that steps should be taken to convene 
an Imperial Water Power Conference in London, 
at which the various Dominions and Dependencies 
of the Empire should be represented. The out- 
come of such a conference might well be the 
creation of an Imperial Water Power Board with 
extensive powers to carry out a comprehensive 
policy for stimulating, co-ordinating, and where 
necessary assisting development throughout the 
Empire. The Board has also dealt with questions 
relating to the formation of National Reserch 
Committees, in connection with the International 
Research Council formed in 1919, with the collec- 
tion of scientific data in the former German 
colonies, and with instruction in technical optics. 
The research on glues and other adhesives 
initiated by the Board as a war measure, at the 
instance of the Air Ministry, has now been taken 
over by the Department of Scientific and Indus- 
trial Research, 

Tenders Invited bor Caleium Carbide. — Ten- 
ders are invited up to noon on July 15 next by the 
Egyptian Postal Administration at Alexandria for 
the supply of 15,000 kg. of calcium carbide for 
acetylene gas light plants. Quotations should 
comprise free storage at the sole risk of the con- 
tractor, and free delivery (by periodical partial 
supplies during the year) at 62 railway or river 
stations specified. Representation by a resident 
local agent is necessary, but United Kingdom 
firms not represented may care to avail themselves 
of the services of firms with an Egyptian branch 
whose names can be obtained at the Department 
of Overseas Trade, 35, Old Queen Street, London, 
S.W. I. A copy of the above-mentioned specifi- 
cation is also available for inspection by United 
Kingdom manufacturers on application to the En- 
quiry Room of the Department. 

Artificial Resin. — The artificial resin of C. C. 
Bohler is prepared by heating anhydroformalde- 
hydaniline singly or mixed with small quantities 
of acids or alkalies, organic or mineral, at 100° 
to 200*^ C., and causing a reaction of vulcanising 
reagents, during formation of the resinous sub- 
stance, especially sulphur chloride, with the mix- 
ture of reaction or the final product. Example : 
Heat 100 parts of anhydroformaldehydaniline, i 
part concentrated HNO3 and i part sulphur chlor- 
ide first to expel water, and then until the moment 
of obtaining the degree of hardness and fusion 
point required, at 100° to 200® C. For vulcanisa- 
tion sulphur and selenium can be employed or 
their soluble compounds. — Maithres Grasses ^ Feb. 
15, IQ 2 I. 

Catalytic Hydrogenations on Copper. — One 
of the experimenters, Messrs P. Sabatier and 
Bennosuke Kubota, demonstrated that copper ob- 
tained by slow reduction at .200® C., of hydrated 
copper oxide was a hydrogenating catalyser {**La 
Catalyse,” 2nd edition). Continuing this study, 
the authors demonstrate that the aldehydes and 
aromatic cetones lead to carbides. With aceto- 
phenone one obtains ethylbenzoue at 350® 


Hydrogenation of benzoquinone gives hydro- 
quinone; that of phtalic anhydride phtalides with 
toluene, carbon monoxide and water , — Comftes 
RendnSj March 21, 1921. 

Recording Chemical Reactions Accompanied 
BY Pressure, by Photography. — Temperature of 
the reaction and corresponding pressure can be 
simultaneously recorded (P. Jolibois). The pres- 
sure is measured with an electric current inten- 
sity which is recorded by photography of the spot 
of a galvanometer. For this purpose a well- 
gauged platinum wire is placed in the manometer, 
inserted in the circuit of a Daniell element. 
When the mercury rises in the manometer, the 
length of the wire is diminished, and consequently 
the resistance of the circuit. Intensity increases 
with pressure. A clock which periodically breaks 
the luminous pencil enables one to mark the time 
on the clichds . — Comftes RendnSj, March 29, 
1921. 


NOTES AND QUERIES. 


A correspondent asks for information as to the 
process employed for producing a frosted or silky 
surface upon glass by means, other than sand- 
blasting. 


NEW COMPANIES. 


The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limitbd, Company Registration Agents, Chancery 
Lane, W.C.s?. 

SiDOCOs, Limited. — (174863) — Registered 25th May, igsi. To 
carry on the business of Chemists and Druggists, Nominal 
Capital . jf 10,000 in 10,000 Shares of £i each. iJirectors : To be 
appointhd oy Subscribers. Remuneration of Directors : £50 each. 
Cnairman : £100. Subscnbers : H. H. Walton, 275, Croxted Road 
West, Dulwich, S.E, ; M. Hackforth-Jones, Arkley House, Barnet, 
Herts, 

T. W. Ranson, Limited. — (174867) — Registered 25th May, 1921, 
7, Brazennose Street, Manchester. . o carry on the business of 
Manufacturers and Dealers of all kinds of Chemical inclnding 
Manures, Bones, Slag and Substances allied thereto. Nomina! 
Capital jCSjOoo m 5,000 Shares of each. Directors: T, W. 
Ranson, Westwood, Church Road, Unoston , P. A. Ranson, West- 
wood, Church Road, Unnston, Qualification of Directors* £1. 
Remuneration of Directors : To be voted by Company. 

W. J. Lewis, Limited — (174838}— -Registered 23rd May, 1921. 
3, HincWey Road, Leicester. To acquire and carry on the business 
of Pharmacists and DispensingChemists Nominal Capital : £5,000 
m 5.000 shares of £i each. Directors: E. A. A. Fry, 65, Hoard 
,R<jad, Leicester; S. J. Farr, 35 , Herschell Street, Leicester. 
Qualification of Directors. 100 Sbares, Remuneration of Direc- 
tors : To be voted by Company. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancei^ Lane, 
London, W.C.a., from whom aU information relating to Patents, 
Trade Marks aqd Designs obtained gratuitously. 

trOtest AppHc&itofts. 

1^81— Cbemische Fabrik vorm Sandos.— Process for manufacture 
of a new jweparation of hexame-thylene^ettamine. May 
i8th. 

13812 — Nitrogen Corporatkai.— Preparation hydrogen and 

ammonia. May^i-7^.^^ - ^ V ' 
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14035 — Soc. Anon, de Produits Chimiqiies Etablissements 

Maletra. — Continuous production of sulphates. May 19th 
14049 — Soc. Anon, de Produits Chimiques Etablissements 

Maletra — Process for production of acetaldehyde from 
acetyl^e. May 19th. 

Specification published this Week. 

163162— 'Ellis, G. B.— -Purification of ammonium salts. 

Abstract Published this Week 

LitkopQne.--Mr. R, Le Baker of St. Louis, U.S.A,, has been 
granted a Patent No. 161280 mthis country for an improved process 
of obtaining lithopone by the mutual preciptation of /me sulphate 
and barium sulphide, the zinc sulphate solution is first freed from 
iron by a preliminary heat and oxidation treatment in the presence 
of an alkaline-earth peroxide such as barium ot calcium peroxide 
and lead or zinc monoxide. The zinc-sulphate solution in the tank 
which is fitted with an agitator and is supplied with steam from a 
pipe, and compressed air from the tank, is treated with the powdered 
peroxide and zinc or lead monoxide in the proportion of about i per 
cent of the zinc sulphate in solution. The liquor is then passed 
through the filter-press to the tank where it is again treated with 
steam and air. After filtration which does not move the finely 
divided hydrated zinc oxide, the liquor is mixed with an equivalent 
quantity of barium sulphide solution in tank. The resulting 
precipitate is filtered ofi, washed, dried, calcined, quenched in cold 
water and ground wet. After another washing the pigment is 
filtered and dried. 

Messrs. Rayner & Co., will obtain pnnted copies of the 
published specifications and will forward on post free for the ofl&cial 
price of i/- each. 


NOTICES. 

EDITORIAL. — All Literary communications and Books, Chemical 
Apparatus, &c., for review or notice to be addressed to the 
Editor. ^ 

SUBSORIPTlONSy 12s. per annum, payable in advance, should 
be addressed to the Manager, 

BACK NUMBERS and VOLUMES can be purchased on applicatio 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 

ADYERTISEHENTS. 

All oommunioatlons for this Department should be ad" 
dr^ed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E.C. 4. 


MEETINGS FOR THE WEEK. 


Wednesday t June 15, 

Royal Microscopical, 5. 

Thursday, June 16. 

Royal Society. ‘ ‘ Velocity of Sound in Gases at high Temperatures* 
and the Ratio of the specific Heats,” by H. B. Dixon, Cohn 
Campbell and A. Parker. “The Ratio of the specific Heats 
of Air and of Carbon Dioxide,” by J. R. Partington, “ ‘Light 
Body ' Hydrophones and the directional Properties of Micro- 
phones,” by A. B. Wood and F. B. Young. “ Acoustic Dis- 
turbances produced by small bodies in Plane Waves trans- 
mitted through Water, with special reference to the single 
Plate Direction Finder,” by A, B. Wood and F. B. Young, 
“ Some Problems connected with Evaporation from large 
Evanses of Water,” by M. A. Gvblett. “ The Photographic 
Emciency.of Heterogeneous Light,” by F. C. Toy. 

Chemical Society, 8. 

Friday, June 17. 

Royal Instituti-^n, g. “ Chemical Combination and the Structure of 
the Molecule,” by Sir J. J. Thomson. 

CHEMICAL APPARATUS 
AH C REAGEN TS. 

Petre Ch^micais for Rosoaroh Work, 


JOHN J. GRIFFIN & SONS, Ltd. 

KINGSWAY^ LONPON, W.C. 


UNIVERSITY OF GLASGOW. 


A PPLICATIONS are invited for a Lecture- 

chip in Organic Chemistry ; salary ^8400 to ^8460 according to 
qualifications. AppUcations» stating teaching and lesearch 
experience and giving the names of three references, to be sent as 
soon as possible to Prof^ T. S- Pattbrson, Any available copies of 
testimonials may also be sent. 


analytical Chemist, 16 years’ experi- 

ence, research or routine, good mechanic, desires post m 
Works or Laboratory Write Box 835 , T. G, Scott & Son, 
68, Ludgate Hill, London, E.C. 4 . 


■D RICKLAYER seeks permanent employment 

-L-' la Chemical Factory. 15 years last place. Testimonials by 
Engineer. Apply Box 886, T. G. Scott & Son, 63 , Ludgate 
Hill, London, E.C. 4 . 


T. TYRER &C0.,Ltd. 


Stirling Chemical Works ■ 
STRATFORD, LONDOK, E. 


GHEHICALS for Analysis^ Beseareh, and Technical purposes 
TECHHIOAL EXPERIHEHTS carried out 

on a MANUFACTUR1N0 SCALE. 

Inquiries solicited from INVENTORS and PATENTEES 
especially foreign) under the New Act xgo6. 


Pioneer Movement for Bstabiishtng a British Bureau of Standards. 

8TEEL.S (Plafn Carlson and Alloy) AND CAST IRON. 

Analytically standardised by, and kisued under the auspices of Co-operatiiag Chemists representing different districts and sections of industry 


Works Chemists 
Referee Analysts 


Makers, Working to Specification. 
Independent. 


RAn.wrv ”0 Users, Issuing I Works Chemists .. .. Working to Specification. 

1 . independent. 

With every portion of standard turnings a Certificate is issued, showing the type of method used by each analyst, his results, and the average of at 

F Special Hematite Iron “B’\ and 8*99% Nickel Steel just issued. 

Already a^knowiedged and used by over 300 Works and Independent Analysts at home and abroad. 


Can be obtained of leading Chemical Dealers, or at Headquarters, 3, Wilson Street, Middlesbrough, 
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ATOMIC ENERGY AND SOLAR 
RADIATION: SUN-SPOTS AND AURORA. 

By F. H. LORING. 

The origin of the aurora in the polar regions 
where the magnetic pole plays an important part 
in giving rise to various electrical effects, as seen 
in the vacuum tube, has led to certain investiga- 
tions of this phenomenon. Some of these experi- 
ments will be briefly noted below; but first, an 
early account of the aurora itself, as given by 
Humboldt, is of interest, and it will serve to re- 
mind the reader of the complexity and beauty of 
the phenomenon. 

“.An Aurora Borealis {Northern Light, or Polar 
Light \ there is also an Aurora Austral is'l is always 


a sea ot tlames, the magnificence of w’hich no 
painting could express, and at each instant rapid 
undulations cause their form and brillmncy to 
vary. Motion appears to increase the visibility of 
the phenomenon. Around the point in the heaven 
which corresponds to the direction of the dipping 
needle, the ra'ss appear to assemble togethei and 
to form a boreal coi'ona. It is rare that the 
appearance is so complete and is prolonged to 
the formation of the corona, but when the latter 
appears it always announces the end of the pheno- 
menon. The rays then become more rare, shorter, 
and less vividly coloured. Shortly, nothing 
further is seen on the celestial vault than ivide, 
motionless, nebulous spots, pale, or of an ashy 
colour; they have already disappeared w’hen the 
traces of the dark segment, whence the appear- 
ance originated, are still remaining on the 
horizon.” 

De la Rive was probably the first one to sug- 
gest that the aurora was an electrical effect as 
exhibited in Geissler's tubes, especially under the 



preceded by the formation in the horizon of a sort 
of nebular veil, which slowly ascends to a height 
of 4*^9 ^*"5 3 ^, and even 10®. It is towards the mag- 
netic meridian of the place that the sky, at first 
pure, commences to get brownish. Through this 
obscure segment, the colour of which passes from 
brown to violet, the stars are seen as through a 
thick fog. A wider arc. but one of brilliant light, 
at first white, then yellow, bousds the dark seg- 
ment. Sometimes the luminous arc appears 
agitated for entire hours by a soj;t of effervescence 
apd by a continual change of form before the 
rising of the rays and co'iumns of light which 
ascend as^ far as to the zenith.. The more intense 
the emission of the polar light the more vivid are 
its colours, which from violet and bluish-white 
pass through all the intermediate shades of green 
and purple-red. Sometimes tlie^olumns of light 
appear to <pme out of the brilliant arc mingled 
with blackish rays similar to a thick smoke. 
Some^mes they rise AP. 

points of the horizon ; they* hhite themselves into 


modifying influence of a magnet. 

Sabine showed that there is a period of maxi- 
mum frequency of magnetic storms and aurora 
which coincide with the maximum appearance of 
sun-spots. 

Birkeland devised experiments by which he 
demonstrated that the magnetic storms could be 
imitated by placing a spherical body with mag- 
netic poles — ^termed *a terrella — inside a vacuum 
tube, the cathode representing the sun. For ex- 
ample, during an equatorial storm when the hori- 
zontal magnetic component is decreased, the con- 
ditions can be demonstrated by means of the 
terrella, which correspohds to the earth. In &is 
case the cathode rays encircle its magnetic 
equator. 

Stormer, in cq-operation with Birkeland, .vforked 
out the traiectmies oh electxihed. particles on 
entering the earth^s held, the results of which sup-^ 
port Birkeland’s theory that the phenomqnon 
arises frpm charged / 

Yillard, in 1906,* ^at ca^o4^ ias 
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influenced by a magnetic field, give rise to effects 
identifiable with those of the aurora. D. Owen 
gives in his book (“Recent Physical Research,” 
1913, chap, vi ) an account of some of the above 
experiments. See also Rutherford, “Radioactive 
Substances and their Radiations,” 1913, p. 654; 
the following references to literature being given : 
Birkeland, Arch. d. Sci, Geneva^ 1896; The Nor- 
wegian Aurora Polaris Expedition, 1902-3; 
Stormer Arch. d. Sci. Geneva^ 1Q07, 24; Vegard, 
Phil. Mag.j 1912, xxiii., 21 1; Darwin, Nature., 
1903, Ixviii., 496. 

V. M. Slipher {Astro'^hys. Joiirn.^ 1919, xlix., 
"266) gives evidence of the constancy of the pheno- 
menon indicating that normally the sun emits 
(according to the views here presented) a sufficient 
number of electrified particles to cause weak 
effects — in fact, in polar regions the aurora is a 
regular occurrence. Slipher states that during a 
period of si years, loo spectrograms were taken at 
the Lowell Observatory, of the night sky, and each 
one gave the chief auroral line. The wave-length 
of this line was found to be 5578*05. It had been 
thought that this line was due to the nitrogen pair 
AA 5560-5565 (see Stark, Ann. d. Physikj 1918, liv., 
598), but this supposition seems no longer tenable. 

Passing now to sun-spot phenomena, the follow- 
ing from the Encyclofcedm Britannic a will serve 
to introduce the subject : “Each spot shows, as 
a rule, one or more spots or groups of spots. 
Each spot shows with more or less completeness 
a ring-shaped penumbra enclosing a darker 
umbra; the umbra, which looks black beside the 
photosphere is actually about as brilliant as lime 
light.” This appearance can be illustrated by 
dropping a drop of blue-black ink on a piece of 
paper ; and, after blotting, dropping a small drop 
of Indian ink on top of the spot so as to leave a 
blue-black margin. This margin, of course, 
represents the penumbra. 

A. L. Cortie {Astrofhys. Journ.j 1907, xxvi., 
123), referring to the band spectra, due to radia- 
tion from sun-spots, and their identification 
as fiutings, remarks on the existence of | 
chemical compounds. For bands at the ex- i 
treme red have been identified by Hale ’ 
and Adams (see W. S. Adams, Astrofhys. 
Journ.^ 1909, XXX., 86) as produced by titanium 
oxide, and later, Fowler has ascribed the bands 
in the green part of the spectrum to magnesium 
hydride. The observed change in the spectrum 
of Mira Ceti — as the brightness and temperature 
of this star had increased, its band spectrum had 
gradually changed more to a line one — affords 
evidence that the band spectra of the sun-spots 
indicate a temperature of the vapour therein 
which is lower than that of the photosphere. 

Referring to the upper figure of the accom- 
panying diagram, this represents the spots as they 
appeared during the interval, May 13-16, 1921, 
when seen through an opera-glass, the sun being 
low, and slightly dimmed by haze. The change 
in position seems to agree with the sun’s rotation 
(25 days, 9 hours, 7 minutes), but ,no attempt is 
made to produce an accurate drawing. Accom- 
panying the recent auroral display there was a 
magnetic storm of unusual violence, which was 
recorded in the Press at the time. 

Referring to the other diagram (not drawn to 
any particular scale, and' not intended to conform 
to any detailed featitt'es of the sun’s structure. 
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some of which are superficially known) it will be 
seen that as the spots revolve, the ejected matter 
(bee previous paper in this Journal, vol cxxii., 
p. 219) represented by the long arrows, will pass 
within range of the earth and come under the in- 
fluence of its magnetic field, so that, assuming 
the ejected matter to be electrically charged par- 
ticles, when they strike into the earth’s 
atmosphere, they will give rise to the aurora. 

The blackness of the spots, perhaps, has a par- 
tial analogy in the Faraday and Crookes dark 
spaces, as seen in vacuum tubes, especially as 
according to the views here advanced the whole 
phenomenon is a bombarding process involving 
positive-rays, or atomic nuclei and probably nega- 
tive electrons. The radial arrows shown in the 
figure are intended to illustrate the bombardment 
or general course of these rays. 

There seems to be some evidence that the sun- 
spots are due to a species of eruption which has 
its origin in the nucleus of the sun. A gas com- 
posed of the above-mentioned particles might 
accumulate in large quantities in the central part 
or core of the sun, and work out gradually to the 
surface The sunspot period of maximum activity 
IS II years, which corresponds to about 158 revo- 
lutions of this body on its axis. 

A thinning of the envelope may take place at 
times or in areas, and considerable quantities of 
the particles of disintegration may pass completely 
away from the sun. This would perhaps-«account 
for magnetic storms when the spots are not in 
particular evidence, and certainly it would seem 
to account for^ the auroral line always being 
present in the night sky. 

The spots show evidences of being centres of 
powerful cyclonic disturbances, but the entire sur- 
face of the sun is in violent agitation, and the pro- 
minence flames have been known to extend out- 
wards 150,000 miles. The whole phenomenon is on 
such a gigantic scale one can hardly realise its 
magnitude. The^ spots themselves are often 
thousands of miles across. In the recent display 
their widest part was reported to be 80,000 miles. 

The reader should ^ of course ^ bear in mind that 
any views advanced which are not yet su'p'ported 
by reliable and re'peated experiments are subject 
to ^nodifLcatioHj when new evidence ts available. 

Summary. 

It was previously suggested that atomic nuclei 
and electrons were ejected from the more central 
part or nucleus the sun owing to a pressure 
effect therein. It is now further suggested that 
some of these particles from the nucleus of the 
sun escape more Or less radially through rifts in 
the solar envelope (which are the sun-spots) and 
when these particles enter the earth’s atmosphere 
the aurora is produced in accordance with the 
ideas of Birkeland and others. The recent sun- 
spot activity, together with the accompanying 
magnetic storm and aurora, is referred to. 

Notes. 

Referring to my previous paper (loc.^cit.)^ the 
following notes should be associated therewith : — 

(a) No mention was made of hvdro^n in the 
sun — of course, it is present in c^siderable 
quantities. 

(b) Probably lithium is present in the sun. See 
A. S. King, Astrophys. Journ.j 1916, xliv., 169. 

(r) The idea of the nuclear parts of atoms coming 
into conflict due to pressure was discussed. It 
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IS of inter-est to note C. A. Parsons^ {Inst, of 
Metals Journ.j 1918,- xx., 5) account of his 
attempts to produce diamonds- In these trials, a 
steady pressure of 15,000 atmospheres per sq. inch, 
with a momentary pressure twenty times as great 
was obtained, and it was stated to be about one- 
half that at the centre of the earth, while in many 
stars the pressure would be enormously greater. 
This value would be “only a fraction of one- 
thousandth part of the pressure at the centre of 
the large stars.'' In one experiment in which a 
steel piston was driven by the explosion of powder 
against a gas charge of oxygen and acetylene 
contained in a bored steel block, the pressure was 
supposed to be about 15,000 atmospheres per sq. 
inch, and the instantaneous temperature reached 
17,700® C. (calculated). See in this connection 
Chemical News, 1921, cxxii., 235 : a method pro- 
posed by Parsons to reach very high instantaneous 
pressures. 

(df) F rom certain mechanical or kinetic con- 
siderations, perhaps it is not correct to consider 
such enormous pressures, as suggested in the case 
of the disintegration of atoms in the sun, to act en- 
tirely as a displacement blow or shear, and conse- 
quently sfin energy j as it might be termed, may 
become a factor. Then, in turn, centrifugal force 
would have to be taken into account. However 
this may be, besides this latter consideration, the 
favourable chance positions of the atoms or their 
nuclei possibly enter into the problem. 

Corrections, — In my communication on page 
169 of this volume, a faulty sentence occurred in 
the tenth paragraph. It should read : “This ex- 
perimental work is of very far-reaching signifi- 
cance, and it is especially important 'in affording 
a powerful tool for investigating sub-atomic 
phenomena and revealing secrets which some 
years ago one would have considered beyond the 
power of man to' discover.” 

On page 219 of this volume, eighth paragraph, 
m two places the Greek letter “a” should be in- 
serted before the word -particles. This, of course, 
was a typographical error. 


THE MECHANISM OF FLOCCULATION 
IN SOILS.* 

By NORMAN M. COMBER, B.Sc., A.R.C.S., A.I.C. 

Tm texture of a mineral soil is determined by two 
chief factors, namely, the size of the particles and 
the arrangement of the particles. 

The sise of the ultimate f articles is manifestly 
permanent and unalterable for all practical pur- 
poses.^ Information regarding this factor is of 
great importance, and for the purpose of obtaining 
and expressing such information the soil particles 
are conventionally graded. In this country it is 
customary to divide all particles capable of pass- 
ing a 3-mm. sieve into six “fractions,” namely : 

Diameter. 

mm.C 

1. Gravel 3*00— I’oo 

2. Coarse sand ... i*oo— o’2o 

3. Fine sand 0*20— 0*04 

4. Coarse silt .. 0*04—0-01 

5. Fine silt o'oi— 0*002 

6. Clay below 0*002 


*A Contribution to a General Discussion on *' Physico-Chemical 
Problems Relating to the Soil heJd by The FaraiCay Society, on 
Tuesday, May 31, 1921. ^ 


The finer fractions are separated by sedimenta- 
tion ; the coarser ones by sieving. 

The arrangement of the 'particles in a soil is by 
no means permanent, but is liable to relatively 
rapid changes. Besides the obvious rearrange- 
ment w^hich will be caused by compressing or by 
loosening the soil, the smallest particles (the fine 
silt and the clay) become under certain conditions 
aggregated together to produce what is, in practi- 
cal effect, a lesser number of larger particles and 
a consequent lightening of the soil. This aggre- 
gation or flocculation process is affected by a num- 
ber of conditions such as freezing and thawing, 
sun-drying, and the presence of electrolytes. It 
is reversible, and defiocculation follows the re- 
moval of the factor causing flocculation. 

In this paper it is proposed to offer some obsep 
vations regarding this flocculation process as it is 
brought about by electrolyte in general, and by 
lime in particular. 

The Effect of Fertilisers on Soil Texture. 

It is well established by experience and experi- 
ment in the field, that the addition of certain fer- 
tilisers has an effect upon the soil texture. Thus, 
the excessive or prolonged use of nitrate of soda 
(which has been shown by Hall (see “The Book 
of the Rothamsted Experiments,” 1919, pp. 295- 
305) and his co-workers to give rise to sodium car- 
bonate in the soil) is known to enhance the sticki- 
ness of a soil, and to so deflocculate the clay that 
it is removed in measurable amount in a turbid 
drainage water. Laboratory^ experience abun- 
dantly confirms the held observation that small 
amo-unts of alkaline substances, such as the car- 
bonates and hydroxides of sodium potassium and 
ammonium, deflocculate soil clay, giving it the 
power of remaining in suspension almost indefi- 
nitely, making it very difficult to filter, and 
rendering it extremely sticky when in mass. 

By far the most striking and the most important 
case which arises in agricultural practice is the 
amelioration of the texture of clay soils which re- 
sults from the addition of lime. It is established 
by the experience of many generations that dress- 
ings of lime of the order of one to two tons to 
the acre greatly diminishes the stickiness of a 
clay soil, reduces the plough draught, and facili- 
tates drainage. The laboratory examination of 
the subject shows that this action of lime is due 
to the aggregation or flocculation of the particles. 

In farming practice, however, it is not an in- 
variable rule that lime thus improves the texture 
of all heavy soils. Field experience shows thal 
there is a distinction between heavy soils which 
respond, in respect of their texture, to dressings 
of lime and those which do not so respond; and 
this distinction is found to coincide with that be- 
tween heavy soils containing a dominant amouni 
of the clay fraction and those whose heaviness is 
due to a dominant amount of the fine silt fraction. 
Clay is readily fiocculated by lime^ fine silt is not. 

The Flocculation of Soils and the Isoelectric 
Point Theory. 

There have been very many investigations of tht 
power of various electrolytes and colloids tc 
flocculate suspensions of soil particles and oi 
kaolin. In general the results indicate a process 
analogous to the flocculation of su^>ensoid sols, 
and which admits of explanation on die basis of 
the isoelectric point theop^. 
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For instance, if a series of similar suspensions 
of soil particles is treated with colloidal feme 
hydroxide in amounts which gradually increase 
from one end of the series to the other, a point of 
optimism and immediate flocculation can be 
found, and amounts of the positive sol greater or 
less than that producing the optimum flocculation, 
have less effect. Similar results can be obtained 
by the use of ferric chloride, aluminium hydrox- 
ide^ and aluminium chloride, (the details of these 
experiments will shortly be published elsewhere). 
Such results are analogous to those obtained by 
Burton in the flocculation of metal sols by alu- 
minium salts (see Burton, “The Physical Proper- 
ties of Colloidal Solution,’' igi6). 

Again, with electrolytes as flocculants the 
valency rule is applicable as well to the floccula- 
tion of soil suspensions as to that of suspensoid 
sols. Hall and Morison (/. Agric. ScL^ igoy, ii., 
244) in a careful investigation of the flocculation 
of kaolin suspensions certainly failed to elicit the 
quantitative requirements of Whetham’s theory, 
but they showed quite clearly that the trivalent 
kations of salts had a flocculating power superior 
to that of divalent kations which in turn were 
more effective than monovalent kations. 

The flocculation of soil particles appears there- 
fore to fall fairly well into line with the floccu- 
lation of suspensoid sols and, with the floccula- 
tion of these sols, to be amenable to the isoelec- 
tric point theory. There is, however, one well- 
known exception which happens to be the only 
case of soil flocculation which is of great practical 
importance. The flocculation of clay by lime does 
not appear compatible with the electrical theory, 
since the hydroxyl ion will, according to the 
theory, tend to stabilise the suspension. 

Flocculation of Clay by Lime, 

The explanation of this anomalous case of 
flocculation which is commonly advanced is that 
lime added to the soil becomes converted into 
calcium bicarbonate which latter compound then 
acts as the flocculant. This explanation is, how- 
ever, difficult to accept for several reasons of 
which the following are the chief : — 

(1) It affords no explanation of the difference 
between the action of lime on clay and on fine silt. 

(2) If two similar clay suspensions are 
treated, one with calcium hydroxide and one with 
calcium bicarbonate in equivalent amount, floccu- 
lation is much more rapid in the former case. 
(The reverse is true of suspensions of fine silt, 
and, as shown by Hall and Morrison, of kaolin). 

The present writer has examined the effect of 
alkalinity on the flocculation, by calcium salts, of 
clay and fine silt suspensions (Comber, /. Agric. 
Sci.j 1920, X., 425). It was found that the floccu- 
lation of clay by calcium nUrate is greatly en- 
hanced. by the addition of a small amount of am- 
monium hydroxide j while the flocculation of fine 
silt by calcium salts is retarded by the addition 
of alkali. It must also be noted that the volume 
of the coagulum is noticeably large when com- 
pared with the volume of the coagulum formed by 
neutral salts. 

It seems clear, then, that the flocculation of clay 
by lime is a genuinely abnormal case in which the 
hydroxyl ion actually facilitates the action. 

The Mechanism of Flocculation in Soils. 

In endeavouring to find an explanation of clay 


in Soils 

flocculation in general, and of the abnormal effect 
of alkalinity upon the flocculation of clay by the 
calcium ion in particular, it i&> necessary to bear in 
mind two important and pertinent facts about clay, 
namely : — 

(1) Clay is very reactive. With solutions of 
neutral salts it enters into the process of base ex- 
change, and for this reason the flocculating effect 
of salts IS not to be interpreted as necessarily and 
entirely a direct effect of the kation of the par- 
ticular salt used. Also, clay is readily susceptible 
to dissolution by acids, and flocculation by acids 
will be complicated accordingly. 

(2) The clay particle in water does not present 
a shaip, solid-liquid surface. The relationship 
of clay to water is different from that of othei 
soil fractions, kaolin and ignited clay (see Keen, 
/. Agnc. Sci.j 1920, X., 44), and the peculiarities 
of clay in this lespect strongly indicate that the 
clay particle is related to the water through the 
intermediation of organic and siliceous colloidal 
matter. Unignited soil clay seems to stand apart 
from other fractions and from kaolin by reason 
of its marked protection by “emulsoid” material. 

Taking cognisance of these two facts about clay 
— its reactivity and its protection (regarding pro- 
tection of clay by humus, see Sven Oden, /. fur 
handwirt^ 1919, p. i77) — it seems clear that three 
cases of flocculating action may be possible, 
namely : — 

1. Direct flocculation in which the flocculant 
acts in the same manner as on unprotected and 
non-reactive suspended particles, the action being 
merely diminished or delayed by reason of the 
protection. 

There are probably few, if any, cases in which 
the flocculation of clay is exclusively of this type. 
The action of iron and aluminium salts and of 
the colloidal hydroxides of iron and aluminium 
may be predominantly a direct action. A concen- 
tration of these flocculants which produces a maxL 
mum effect is easily observable, and- in this les- 
pect the phenomenon seems to be analogous to the 
flocculation of metal soils. 

2. Indirect flocculation in which the products 
of a previous reaction, such as base exchange or 
dissolution, act as flocculants. 

When neutral salts are used as flocculants it 
seems assured that the action is to some extent of 
this second type. There is invariably a partial 
exchange of kations when neutral salt solutions 
are in contact with clay, the base exchange pro- 
cess is very rapid, and it appears inevitable there- 
fore that some part of the Tlocculating action is 
due to the kations brought imo solution from the 
clay. 

The flocculation of clay by acids seems also to 
be largely indirect and attributable to the action 
of aluminium, &c., dissolved by .the acid from the 
clay. ^ In the flocculation of kaolin. Hall and 
Morrison {loc. found that mineral acids were 
slightly better flocculants than aluminium salts, 
and suggest that the flocculating power of the 
latter may be partly due to the acid formed by 
hydrolysis. With soil clay the case seems to be 
the reverse of this. Using hydrochloric and alu- 
minium chloride in one set of experiments, and 
sulphuric acid and aluminium sulphate in another, 
and using several different clays, the present 
writer has found that the aluminium salts floccu- 
late soil clay much more rapidly than the corre- 
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bponding acid in equivalent amount (the details 
of these experiments will shortly be published else- 
where). It is therefore suggested that the action 
of acids may to some extent be asciibed to the 
bases they bring into solution, 

3. Abnormal flocculation in which the floccu- 
lant reacts with the protecting emulsoid matter 
forming a coagulum which entrains the particles. 

This type^ of clay flocculation seems to be of 
greatest agricultural importance, for it appears to 
provide a feasible explanation of the abnormal 
flocculation of clay by lime, the fact of which has 
been described above. 

When calcium hydroxide is added to a dilute 
silicic acid sol, a gelatinous precipitate is formed. 
This precipitate is not formed when a neutral cal- 
cium salt IS added to the neutral sol : it is pro- 
duced by the action of calcium 10ns, only w^hen 
the medium of action is alkaline. The precipitate 
has been investigated by Le Chatelier (‘‘La Silice 
et les Silicates,’’ 1914), who found that it consisted 
of silica w’lth varying amounts, of lime, and that 
the lime is easily and entirely removed by wash- 
ing. Another feature of this precipitate is its 
enormous volume : according to Le Chatelier i 
grm. of it settles to occupy a volume of 2 litres. 

Now if the protection of clay particles is in part 
due to colloidal silica, which seems certain to be 
the case, then the addition of lime — the addition 
of calcium ions and hydroxyl ions — will produce 
a precipitate such as that described. The produc- 
tion if such a precipitate, entraining the particles 
seems to be a satisfactory explanation of the 
flocculation of clay by lime. It accounts for the 
fact that alkalinity facilitates the flocculation 
since the formation of the precipitate is dependent 
upon alkalinity. It accounts for the reversibility 
of the action since the precipitate is hydrolysed 
by w^ashing. It accounts for the large volume of 
the clay coagulum since the precipitate is pheno- 
menally voluminous. Further, this theory of the 
abnormal flocculation of clay by lime, postulates 
nothing about clay other than a siliceous emulsoid 
protection which is already strongly indicated by 
quite independent considerations. 

The effect of small amounts of colloidal silica 
on the flocculation of finely divided particles in 
suspension was examined by using a sample of 
oxide of iron in the form of an impalpable pow- 
der. The oxide of iron, wLen shaken with pure 
water, did not remain long in. suspension, but 
traces of silicic acid sol gave not only stability 
to the suspension but also the power of being 
flocculated by calcium salts much more readily 
in the piescnce of alkali than in neutral suspen- 
sion. It Avas found in one case that o*6 mgrms. 
SiOs was able to affect 300 mgrms. of the oxide 
of iron in this respect. Evidently, therefore, very 
small amounts of colloidal silica in conjunction 
with finely divided particles can produce a system 
susceptible to the abnormal flocculation which is 
found in the case of clay. 

While, then, the mechanism of flocculation in 
soils does not generally appear to be essentially 
different from that of the flocculation of suspen- 
soid sols, the flocculation of clay by lime is a-prp- 
cess of a distinctly different type. Using the pre- 
valent terminology it is an ^‘emulsoid’' pheno- 
menon and is quite out of line with the floccula- 
tion of “suspensoids.” As an emulsoid pheno- 
menon it appears to be explicable on the basis, of 


the reaction between calcium hydroxide and 
colloidal silicic acid, and the assumption, which 
that explanation involves, of a particular colloidal 
condition which differentiates clay from other soil 
fractions and from kaolin, is consistent with the 
peculiarities of clay which have been brought to 
light by other investigations. 

THE PURIFICATION AND SOME 
PHYSICAL PROPERTIES OF CERTAIN 
ALIPHATIC ALCOHOLS. 

By ROGER F. BRUNEL, J. L. CRENSHAW and ELISE TOBIN. 

Concluded from 271 ) 


Iso-Butyl alcohol , — Boiling point: (i) thermo- 
element : boiled 4 hours with barium oxide, 
107*877® ; distilled from barium oxide without 
long boiling, 107*874-107*888® ; aluminum amal- 
gam, 107-881 (2) obtained by the authors at the 

Bureau of Standards, 107*89®. 

The data for distillation of two specimens 
follow. A third specimen was worked up from 
residues 

(A) 265 g. : L, below 107*86®, 15 g. ; II., 107*86- 
107*89®, 48 g- ; IIL, 107*89, 170 g. (B) I,, 107*88- 
107-89°, 14 g. ; n., 107-89°, 66 g. 

Particular attention is called to the densities of 
this alcohol, seen in the table below. In this case 
the density is of little value as a criterion of 
purity. 

sec.-Bntyl alcohol , — Since the^ thermometers 
gave concordant values for the boiling point and 
our supply of this alcohoFwas limited, it was not 
tested with the thermoelement. The thermometer 


readings are especially relable since thy lie so 
close to tJie 100° point, (r) Thermometers : 99*52®, 
99 * 53 ^ 99 * 53 ^ 

This was one of the alcohols most readily puri- 
fied. The data in the table below appear to be 
sufficient. 

M ethyl-iso -butyl carbinol : Aluminum amalgam 
dries this vei> slov\ly, partly, at least, because of 
the slight reactivity of the dndng agent' with the 
alcohol Itself. After several hours’ boiling a large 
part of aluminum had still not reacted. In addi- 
tion to this, the boiHng point of the alcohol is so 
far above 100® that the water has a particular 
tendency to distil out of the alcohol and collect 
in the condensed liquid in the cooler parts of the 
apparatus. It is difficult to pi event this altogether 
since too prolonged, vigorous boiling causes too 
much loss of vapour around the ground-glass 
stopper of the apparatus. 

The values obtained were from 131*78® to 
131*826®, and the higher value is more likely to 
be correct. The value obtained at the Bureau of 
Standards was much too low. The values on our 
thermometers were also unsatisfactory, varying 
from 131*77® to 131*85®. The value 131*82® ihust 
be nearly correct. 


This alcohol was easily purified. A good deal 
came over within a*oi® on the first di^tiltatlqn, 
and 72 per cent, of this, on redistillation, came 
over constantly. This, and other constanj: boiling 
po*rtions were distilled as follow^ 

(Al wt., 320 g. I.,. Below 131*79^® less than i 
g., total to 131-81° 13 , g.; IL, :3r8i°, 73 g.; III., 
131-81°, 166 g. ; IV., 134-81°, 50 g. ; ll, .III, 

IV.. 289 g. ' ■ - - -.j,., 
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Table I. 


I 

2 3 

4 

5 


Const, boiling portion. 

% of 

% of totsy^part distd. 


R T-l 

specimen 

df/dP. ® C. 

Ethyl Alcohol. 


100 

0-035 

78*32 


w-Propyl Alcohol 

A .. , 

56 - 78 

0*036 

97*19 

B ... , 

47 63 

— 

— 


Most probable values : 


97*19 



/j<?-Propyl Alcohol. 

A-III ... . 

00 

CO 

0*033 

82*26 

IV. 

— 

— 

B ... , 

70 81 

— 

— 

C ... , 

-- 57 

— 

— 

D (Res.) 

— 56 

— 

— 


Most probable values : 


82*26 


6 

078505 

079975 

079992 

07998 

078089 

078167 

078071 

078072 

078086 

07808 


7 

D 

V25 

1*3595 

1-3833 

1-3832 

1-3833 

1-3750 

1-3750 

1-3749 

1-3748 

1-3749 

1-3749 





12*93 


17*54 


17*61 




w-Butyl 

Alcohol. 




A 

— 90 

0*036 

117*71 

0*80560 

1*3974 

— 

B-V. 



0*80566 

1*3974 

— 

VI. 

••• 69 78 

— 

— 

0*80571 

1*3974 

— 

VII. 



— 

0*80586 

1*3973 

— 


Most probable values : 


117*71 

0*8057 

1*3974 

22*17 



/.y^?-Butyl 

Alcohol. 


1*3938 


A 

64 73 

0*036 

107*89 

0*79800 

— 

B 

— 82 

— 

— 

0*79800 

1*3939 

— 

C (Res.) 

* 72 77 

— 

— 

0*79802 

1*3939 

— 


Most probable values : 


107*89 

0*78801 

1*3939 

22*21 



-Butyl 

Alcohol. 




A-III. 

— — 

0*036 

99*53 

0*80270 

1*39495 

— 

IV. 

— over go 

— 


0*80276 

1*39495 

— 

B 

83 97 

— 

— 

0*80267 

1*39405 

— 


Most probable values : 


99*53 

0*80271 

1*39495 

22*1'; 


Methy ^-B uty l-carbinol. 




A-II. 


0*040 

131*82 

0*8025 la 

1*40895 * 


III. 

88 g6 

o*.8o238 

1*40895 

— 

IV. . . 





— 

0*80250 

1*40885 


B 

— - 84 



— 

0*80243 

1*40895 

— 


Most probable values : 


131*82 

0*825 

1*40895 

39-61 


(a) The fractions of Specimen A were tested in very humid weather. Possibly the values should 
have been identical. 


Author. 

Table II. 

B.p. 

^c. 

d«5 

A 

D 

Mendelejeff^ 

Ethyl Alcohol. 
78-303 


.. 

Ramsay and Young® 

78-33 

— 

— 

Noyes and Warfel® 

78-30 

— 

— 

Andrews^ 


0*78510 

1-35941 

Doroshevski and Dvorzhanchik* 





(24°) 1-35927 

Doroshevski and Polianski® 

78-35 

’ 

— 

Wade and Merriman^ 

78*39 



— 

Osborne^ KcKelvy, and Bearce® 


0*78506 

— . 

Robertson and Acree® 

, 

0*785085 

— 

Richards and Coombs^® 

•' 78-42 

— 

— 

Authors’ values 

78*32 

078505 

1-3595 

BriihP 

«-Propyl Alcohol. 
97*3-’ 5 

0-8005 (20°) 

1-3836 

Naccari and Paghani^® 


o-9ooi4 

— 

Perkin^® 

98 

o-8ooi 



Ramsay and Young^* 

97*4 

0-7995 

— 

Landolt and Jahn^® 

96*1 

0-8017 (17-8'’) 

1-3835 

Loomis^® ... 

97*2 

o'Sqoo (20°) 



Young and Fortey^^ 

97*19 

0-7994 (0°) 

— 

Holmes and Sagemann“ 

97*2-*4 

0-79972 

— 

Doroshevski and Rozhdestvenskii® .. 

97*26 

0-7994 (20°) 



Doroshevski and Dvorzhanchik®® 


(20°) 1-38365 

Authors’ values 

97*19 

0-7998=* 

1-3833 
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Table 1 1, (continued), 
w<?-Propyl Alcohol 


BriihP® 


82-83 

07844 (20°) 

1-3756 

Zander*® 


82*7-*9 

07794 (17°) 

— 

Perkin^® 

. . . 


0*78220 

— 

Thorpe** 

... 

81*6-82*1 

07811 (15°) 

— 

-ougmine*® 


82*04 

— 

— 

Doroshevski 


82*42®® 

0*7807®' (20°) 

— 

3oroshevski and Dvorzhanchik*® 


— 

— 

i’37534 

Authors’ values 


82*26 

^-Butyl Alcohol. 

0*7808 

1*3749 

Rahlbaum*® 


117*6® 

— 

1*39747 

Doroshevski and Dvorzhanchik*® 

. . . 

117*1 

— 

1*39749 

Authors’ values 


117*71 

w-Butyl Alcohol. 

0*8057 

1*3974 

Perkin^® 


107*6-8*3° 

0*79852 


Traube*® 




0*8000 (20°) 

— 

Landolt and Jahn®“ 


107*25 

0*7987 (17*5°) 

1*3941 

Maccari and PaglianP® 


... — 

0*7972 

— 

Doroshevski and Dvorzhanchik*® 


107*93 

0* 7976(15°) 

1*39396 

Doroshevski®^ 


107*5 

— 

Michael and Zeidler®^ 


107* 67-* 75 

— 

— 

Elichards®® 


io7*2-*3 

— 

— 

Authors’ values 


107*89 

-Butyl iVlcohol. 

0*79801®®. 

1*3939 

Pickard and Kenyon®* 


99° 

0*8039 

— 

Dogolenko®® ... 

Authors’ values ... 



0*8024-0*8031 (20°) 

— 


99*53 

0*80271 

— 

The temperatures in parenthesis are those of the the original 
lvalues given were calculated. 

determinations, from 

which the 


References , — (i) Z. Chem,^ 1865, 257. {2) /. Che^n, Soc.j 1885, xlvii., 654. (3) /. Amer Chein 

Soc,^ 1901, xxiii., 465. These authors state that they consider their value probably less reliable 
than that of Ramsay and Young. (4) Ibid.;, iqo8, xxx., 357, (5) C.A., 1908, ii., 2181. (6) 2 . 

fhysik. Che^n.y 1910, Ixxiii., 192. (7) /. CJiem. Soc.^ 191J, xlix., 1002. (8) /. Was/i. Acad. Sci., 

1912, ii., 95. (9) Am. Chem. J., 1913, xlix., 497. (10) /. Amer. Ckem. Soc.j I9i5> xxxvii., 1669, 

(11) Ann.j 1879, cc., 173. (12) Atti. Accad. Sci. Torino j 1881, xvi., 407. (13) /• Ckem. Soc._, 1884, 
xlv., 466. (14) Phil. Trans., 1889, clxxx., 140. (15) Z. fkysik. Ckem., 1892, x., 288. (i6) Ihid.^ 
1900, xxxii-j 594. {17) /. Ckem. Soc., 1902, Ixxxi., 725. (18) Ihid.j ipog, xcv., 1936. (ig) 

/. Russ. Pkys, Chem. Soc., 1910, xl., 1428. The formula of De Heen, which these authors recom- 
mend, was tested by them only between 10° and 20°. When tested by the results of Ramsay and 
Young, and Naccari and Pagliani for o®, it is not as satisfactory as the formula of the latter 
authors, which we have used. (20) C. A.j^ 1909, lii., 1355. (21) Further tests of this value will be 

made with material now being purified. (22) Ann., 1880, cciii., 12. (23) 1882, ccxiii., 155. 

(24) /, Che?n. Soc., 1897, Ixxi., 923. (25) Ann. chim. fhys., 1898, [7] xiii., 307. T26) Centralbl , 

1911, i., 465. (27) C. A., igio, iv., 1404. (28) Z. fhysik. Chem., 1898, xlvi., 628, 646. This 

author gives d-^l =0*80978, If we assume the temperature coefficient to be the same as that of iso- 

butyl alcohol, we obtain d|* =0*8059. (29) 1886, xix., 883. (30) Z. fhysih. Chem.j 1892, x., 

317. (31) Ann., 1912, cdxciu., 93 (32) /. Amer. Chem. Soc., 1915, xxxvii., 1669. (33) The density 

appears, in this case, to be easy to duplicate without a high degree of purity. Some years ago one 
of the authors (Ber., igri, xliv.“, 1004) obtained three fractions boiling, altogether, over a range 
of 0*24®, having densities of 0*79890 to 0*79802. (34) /. Chem. Soc., 1913, ciii., 1940. Value for 

25® by linear interpolation. (35) Z. fhysik. Chem., 190S, IxiL, 505. Values estimated from 
those given for 20® by comparison with Pickard and Kenyon^s values. 


Another specimen (B) distilled nearly as well. 

Table I, summarises the distillation data and 
physical properties of our specimens. Under Col. 
2 will be found the per cent of the material taken 
for the final distillation, which came over at con- 
stant temperature. Values are, however, lacking 
in some cases due to failure to record the total 
weight before distillation. These values do not 
fairly represent the purity of the specimens, since 
they imply that the material remaining in the still 
would not have come over at the correct tempera- 
ture, whereas all experiments with these residues 
indicated that the amount of high boiling impurity 
in them was small. More significant are the 
figures in Col. 3, which show the per cent of the 


amount actually distilled which was collected at 
constant temperature. 

The “most probable values” are not always 
averages of the results, but are based upon our 
judgment as to* the relative value of the tests or 
purity of the specimens. We believe the boiling 
points to be accurate to ±0*01°, except that of 
methyl - iso - butyl - carbinol. The refractivities 
appear to be accurate to 0*0001. In the case of the 
densities, however, while the determinations are 
accurate to 0*00002, the true densities of the sub- 
stances have not been established, in most cases, 
nearer than o*oooi. 

The values for dT/d:? are given in degrees per 
mm. pressure. The values of fhe moleculat re- 
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fractivity are calculated according to the 
equation : 

»r~x M 

M= . — 

)r+2 D 

In Table II we have quoted foi comparison 
some of the values to be found in the literature. 
Among the older values we have included only 
those which were determined with particular care 
or which are often quoted. Densities have been 
recalculated to 25° where they were not deter- 
mined at thiii temperature, and w'e have indicated 
in parenthesis the temperature of the original 
determinations in s^ich cases. For alcohols wheie 
there is no basis for such calculation, the values 
are not given. 

The reliability of the calculations of the densi- 
ties is open to question, but the differences between 
the values are in most cases greater than the pos- 
sible errors in calculation. The following appear 
to be the most reliable formulas (the references 
will be found in the table. 

For w-propyl alcohol, a formula of Naccari and 
Paglianij d-o-8203— wrhere log ^== 
6*90228, log ^ =3*66482, log ^7 = 2*10469 ( — 10 after 
each), and 0*8203 is the density at 0° This equa- 
tion fits the values of Ramsay and Young (0°, 15®, 
25®), Perkin (15®, 25®), Loomis (15°, 20°), and 
Doroshevski and Rozhdestvenski (lo*^; 20®), to 
within 0*0001, after calculation back to a value 
for d° in each case. (Although the density of the 
alcohols is affected by slight impurities, the form 
of the density-temperature curve is apparently not 
much affected). 

For iso-propyl alcohol, one of the equations 
given by Zander, Vf = Vo ( i +0*001 0743 0*063 28^*) 
which very nearly fits the values of Perkin (15°, 

25°). 

For w<?-butyl alcohol the equation of Naccaii 
and Pagliani, d= 0*81624— where log 
£Z = 6*875sr, log ^?~3’439i2, log r = i*86857 (-10 
after each), and 0*81624 is the density at 0°. This 
equation fits the values of Perkin (15, 25'") verj 
closely. 

The refractivit;ies can be calculated with more 
certainty, since Doroshevski and Dvorzhanchik 
showed that the formula / (i-^kt) holds for 

the common alcohols. Where the refractivity has 
been determined for two temperatures, a value for 
k can be calculated. We have used for iz-propyl 
alcohol, =0*032368 (values of D, and D.); iso- 
propyl alcohol, 0*032850 (authors^ values); iso- 
butyl alcohol, 0*03269 (D. and D.) 

No values are given in Table II. for methyl- 
/.?o-butyl carbinol. It has been prepared by Skita 
and Ritter 1910, xliiL, 3397), Pickard and 

Kenyon (/. Chem. Soc.^ iqn, xcix , 56), Guerbet 
(Com^, Rend.j, 1909, cxlix., 129), and others, but, 
although its boiling point has been know’n to be in 
the neighbourhood of 131®, no determinations of 
Its density or refractivity are recorded. 

The authors acknowledge with pleasure the 
courtesy of the U.S. Bureau of Standards in pro- 
viding opportunity for the first boiling point tests 
with one of their resistance thermometers, and, in 
particular, their indebtedness to Miss Amelia K. 
Benson, wnth whose assistance the tests were 
made. 

They also take pleasure in acknowledging their 
indebtedness to the Warren Fund of the Ameri- 
can Academy of Arts and Sciences for a grant 


v\hich covered the cost of materials for this work, 
as well as for the preparation of several alcohols 
on which the work is not yet completed . — Journal 
of the American Chemical Society ^ March, 1921. 


ELECTRIC OSCILLATIONS ALONG 
STRAIGHT LINES AND SOLENOIDS.* 

By Prof* J. S. Townsend, F.R.S. 

A NUMBER of experiments made by the author and 
Mr. J. H. Morrell to find the relation betw^een the 
frequencies of the normal oscillations of systems 
are described. 

As in the case of mechanical oscillations, it is 
iiecessaiy to distinguish betw’een a seiies of free 
normal modes of oscillation and a series of har- 
monic oscillations. In the free oscillations of a 
system having distributed capacity and inductance 
there is, in general, no exact relation betw’een the 
frequencies of the different modes of oscillation. 
A harmonic seiies of oscillations is obtained in 
nearly all cases where a fundamental oscillation 
of constant amplitude is maintained _ in a system, 
as, for example, wdien a tuning fork is maintained 
in vibration by an interrupted current, or a cur- 
rent is maintained in an oscillatory circuit by a 
thermionic valve. 

The oscillations of solenoids and parallel w’ires 
are discussed, and an estimate of the accuracy 
obtained in measuring wave-lengths by wires is 
given. 

A simple method, depending on haimonic oscil- 
lation, is described, whereby the lengths of short 
waves measured by means of parallel wires may 
be compared with those of long waves measured 
bv means of standard inductances and capacities. 

* Synopsis of Paper read before the Wireless Section ot the 
Institution of Electrical Engineers, June 8, 1921. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIE'^'Y. 

Ordinary Meeting^ June 2. 1921 

Prof. C. S. Sherrington, President, in the Chair 

The Bakerian Lecture was delivered by Dr. T. 
M, Lowry, F.R S,, and Dr. C. P. Austin, on 
^^Oftical Rotatory Dispersion, The following 
summary* was supplied by the Lecturer : — 

1. Although no case is known in ivhich Biot^ 
Law of Inverse Squares, a = ^/A-, is accuratolv 
true, the rotatory dispersion in a very large num- 
ber of organic compounds can be expressed by the 
simple dispersion formula, a=^ /(A“— A^^), which 
differs from Biot’s formula only in the introduc- 
tion of a “dispersion constant” Aj,-. 

2. This simple formula is a special case of the 

general formula a = /(A“-A„“), introduced by 

Drude as an approximation based upon the elec- 
tronic theory of radiation and absorption of light. 
Substances w+ich require more than one term of 
this equation are said to show complex rotatory 
dispersion. 

3. Tartaric acid and its esters give dispersion 
curves which frequently show (i.) an inflexion, 
(li.) a maximum, (iii.) a change of sign, and are 
then described as cases of anomalous rotatory 
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iisfersion. These can be represented by two 
.erms of D rude’s equation ; — 

■' K 

The anomalies mentioned above only appear (1) 
when the two terms are opposite in sign ; (ii) when 
if The wave-lengths at which the 

reversal, maximum and inflexion occur are given 

ay _ 

|i-V 

A — A2 

4* The lotatory dispersion in quartz was repre- 
sented by Drude by a two-term equation, in which 
he dispersion-constant of the negative term was 
aegligibie, so that 

k, k 


where Ai^==0‘Oio627, ^i = i2'2oo, and ^ 4 ’ = 5*046. 
Since k{>k, the dispersion-curve is complex but 
rot anomalous. In order to express the most 
*ecent measurements, it is necessary to assume 
inite values for both dispersion-constants, and to 
ntroduce a term to express the influence of the 
nfra-red absorptions; the infra-red term is, how- 
ever, very small and can be taken as a constant, 
50 that 


a= — 


A 

A--Ai= 



where A/ 5=0*0127425 A^^ =0*000974 

^=-0*1915, ^ ^1 = 9*5644, ^a = -2*3il4 

5. The anomalous dispersion of tartaric acid 
was attributed by Amdtsen in 1S58 to the presence 
two modifications of the acid differing in the 
sign of their rotations and in the magnitude of 
heir dispersions- This view has been confirmed 
;i) by the proof that the complex rotatory disper- 
sion of the acid and its derivatives can be ex- 
Dressed as the sum of two simple dispersions ; (ii) 
>y the discovery of certain ‘'fixed’’ derivatives of 
artaric acid which exhibit simple rotatory* disper- 
)ion. Attention is directed to some analogies be- 
,ween tartaric acid and nitrocampbor, which gives 
wo isomeric compounds in solution. 


PHYSICAL SOCIETY. 

May 27, 1921. 

Prof. Sir W. H. Bragg, F.R.S , President, 
in the Chair. 

A paper “On the Reflection of the X-ray Sfec- 
‘rnm of Palladinm from Fluorspar p was read by 
Vlr. H. PEi^iNG. 

An examination of the odd order spectra re- 
iected from the 100 plane of fluorspar, using 
palladium X-rays has been made with a view to 
est the Lewis-Langmuir theory of the motion of 
/alency electrons in compounds. Evidence, in 
:)artial confirmation of the theory, has been 
>btained. 

Discussion. 

Prof. Bragg said that t}ie relatively high naagni- 
ude of .the third order spectrum was most curioya. 
There was evidently something diffracting 
strongly about a third of the way between the cal- 
:inm and fluorine atoms : it -was possibly only a 
:oincidenoe, but this was yvhere the junction of 
hese atoms occurred. 


Prof. Rankine asked what was supposed to be 
the source of the diffraction, the nucleus or the 
electrons distributed round it. If the latter, what 
was the ]ustiflcation for assuming the diffraction 
to oiiginate from the planes containing the nuclei ? 

Prof. Bragg said the origin of the diffraction 
wa^ what they were all trying to settle. Possibly 
the paper he was just about to read would answer 
Prof. Rankine’s question. 

Dr. Hopwood was not clear as to wdiat the 
paper proved. Assuming the reflecting power of 
the calcium and fluorine atoms to be proportional 
to the atomic numbers the same magnitude for the 
faint spectra w'as apparently to be expected with 
or Avithout the tiansference of electrons of the 
Lewis-Langmuir theory. This being so, he did 
not see that the result was evidence one way or 
the other. 

Mr. Pealing said the discrepancy of the larger 
third order spectrum was more easily accounted 
for on the basis of the Lewis-Langmuii theo]y^ 

Dr. Hopwood thought this might be due to a 
single distortion rather than to a transfer of elec- 
trons from the calcium to the fluorine. 

A paper on “The Intensity of X-ray Reflection 
by Diamondf^ was read by Sir W. H. Bragg. 

The paper describes an investigation of the rela- 
tive intensities of the reflections of monochromatic 
X-rays by the various crystallographic planes of 
diamond. The special difiiculties due to the 
small size of available crystals and the modifica- 
tion of the usual method required to obviate them 
are discussed. An interesting feature of the re- 
sults is that they lie very* closely on smooth curves, 
which indicates that if the outer electrons of the 
carbon atom lie at any considerable distance from 
the centre they must be m motion over a wide 
range, or for some other reason must contribute 
little to the reflection. 

It is shown that the properties of the carbon 
atom in diamond are based on a tetrahedral and 
not a spherical form. The tetiahedra point away 
from any (111) plane in the case of half the atoms, 
and tow*ards it in the case of the other half. Con- 
secutive 1 1 1 planes are not exactly of the same 
nature and consequently some slight second order 
reflection from the tetrahedral plane might be ex- 
pected. This effect, though slight, has been 
found. 

Discussion. 

Dr. Andrade asked if surface tension effects 
entered into the pioblem. 

Dr. Rayner asked if there was any chance of 
obtaining the arrangement of carbon atoms in the 
benzene ring. 

Prof. Bragg explained that surface tension 
effects did not come in* dn reply to Dr. Rayner, 
he exhibited a model of the benzene group. 

Exhibit of Photographs by M. le Due de Broglie. 

Prof Bragg exhibited ^ and explained photo- 

f raphs by M. le Due de Broglie of the ‘‘Magnetic 
pectra’^ obtained when the )8-rays produced when 
X-rays stnke copper are deflected on to a photo- 
graphic plate by a magnetic field. 

A paper entitled “A Method for the Micros 
analysis of Gases by tlfe Use of the Pirani Pres- 
sure Gauge by the Ries^rch Staff of the General 
Electric Co., Ltd., was. read by Dr. N. R. 
Campbell. 
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Summary. 

(1) A method of analysis of gases at a pressure 
between o*6i and 0*001 mm. is described, based 
on the characteristic vapour-pressure temperature 
curve of any substance. 

(2) The method demands a gauge which will 
measure the pressures of vapours, as well as of 
permanent gases, over the range mentioned. The 
Pirani gauge is suitable for this purpose, 
especially if it is used in a way which is not new, 
but of which the advantages have not been suffi- 
ciently recognised. 

Discussion. 

Dr. J. S. G. Thomas asked if the method would 
discriminate between the higher hydrocarbons in 
coal gas, or between ethane and methane It was 
assumed that the heat lost by conduction at the 
ends of the supports was constant. He did not 
think this was justified, as it had been shown that 
at low pressures this loss depended on the pres- 
sure of the gas. Would the method discriminate 
between dry and wet gas at the same total 
rressure ? 

Dr. D. Owen expressed his admiration of the 
method, which appeared to be entirely new. To 
what pressures had the author gone down to in 
these experiments ? In addition to the Pirani 
gauge the McLeod gauge is referred to, but no 
others. Had Dr. Campbell any experience of 
other forms of low-pressure gauge and their 
properties ? 

Dr. Campbell, in reply, said it was easy to 
analyse any mixture of components which could 
be frozen out by liquid air. They had analysed 
the vapours from the pil used in their pumps, and 
he thought the higher ^hydrocarbons in coal gas 
would present no difficulty. He was afraid 
neither ethane nor methane would freeze out,- and 
so could not be treated by this method. As re- 
gards the validity of the assumptions of the heat 
loss for accurate work every gauge is separately 
calibrated, and no assumptions are made. The 
instrument could be used to discriminate between 
wet and dry gas, provided the total pressure is 
under 0*2 mm. He did not know how low pres- 
sures the Pirani gauge would do for, but for- very 
low pressures the Ionisation gauge would be more 
accurate 


NOTES. 


Lacquers^ Enamels^ Varnishes. — The manu- 
factures of the New Explosives Company are 
gaining very great appreciation in all industries. 
The manufacture of nkrocellulose for industrial 
purposes has been seftously undertaken by the 
Company at their StoT^^esiarket factory, and a large 
number of lacquers an^ varnishes have been pro- 
duced. We have had an opportunity of testing 
several of these productions, and have been par- 
ticularly interested in the black anti-corrosive 
enamels, in view of their use in places where heat 
and noxious fumes are present The results of 
tests extending over some months show them to 
be very valuable; they are easily applied, dry 
quickly, and keep their surface under conditions 
where most other paints fail. For "spraying” 
they are most useful 5 dead black particularly 


gives a fine surface for ironwork that is exposed 
to acid fumes, such as are met with in the chemi- 
cal laboratory, while for art ironwork it cannot 
be surpassed. 

Tenders for Disinfectants. — The Ministry of 
Communications, Belgrade, is inviting tenders to 
be submitted by June 22 for the supply of the 
following disinfecting materials : 40,000 kilos, of 
pink chloride powder (without iron supplements, 
and without free chlorohydrogen acid) ; 700,000 
kilos, of creosote (with the following specifica- 
tions — minimum 5 per cent of phenol, creso-l, and 
their "homologues” ; it should be liquid at 15“ C.). 
In the offers, which must bear a 10 dinars duty 
stamp, prices must be stated all charges paid 
Belgrade or port. They must be enclosed in a 
sealed envelope, and addressed “Ekonomsk 
Odelenje, Ministarstva Saobracaja.” On the en- 
velope should be written "Ponuda za licitaciju 
pinkhlorida 1 creozota.” A deposit of 10 per cent 
by SX.S. subjects, and 20 per cent by foreigners 
niust be made before or on the date of tendering. 
It is desirable for United Kingdom firms in- 
terested in Serb, Croat, Slovene State contracts to 
be represented in that kingdom. The Department 
of Overseas Trade is prepared to assist in the 
appointment of agents. 

British Science Guild.- Sub-Committee on 
Apparatus — The question of the quality, supply, 
and prices of British laboratory glassware, porce- 
lain, and chemicals, including research chemicals, 
ib under consideration by a Committee of the 
British Science Guild. The Committee, the 
Chairman of which is Sir. Richard Gregory, is 
anxioiis, in vie<f|, of the conflicting statements 
which have appeared from time to time on these 
matters, to obtain the views of scientific workers 
who have experience of recent articles of the kind 
described, both of British and foreign m«inufac- 
ture. It is obvious that the information can be 
of use only when it applies to goods of definitely 
known origin. The ipoints on which information 
IS desired are : the quality of the goods ; then- 
price as compared with that of imported articles 
of the same quality; the facilities for obtaining 
supplies ; and the effects, if any, on research work 
of restrictions imposed on the importation of Ger- 
man goods. The Committee would also welcome 
statements made, .or reasoned conclusions arrived 
at, by competent bodies who have investigated 
these questions recently, and from manufacturers 
who wish to add any further definite information 
to that which has already appeared in the Press. 
The information’^LOuld be sent to the Secretaries 
of the Committed Prof. J. R. Partington, East 
London College, or Mr. C, L, B tyrant, 23, Peter- 
borough Road, Harrow, as soon as possible. 

Metric System Adopted in Japan, — The new 
Weight and Meai^re Law as passed by the Diet 
was formally promulgated recently by the 
Japanese Government, thus rendering Japan one 
of the metric countries. Simultaneously with the 
promulgation of the new law, Director Kitsukawa, 
of the Weight ^d Measure Office, gave out a 
statement, sayingHhat even when the first weight 
and measure law was framed in 1893, Japan was 
desirous of adopting the metric system, but the 
nation was not teady to accept it, and the old 
systems were fully adopted. "Several times since, 
the wholesale reform of the weight and measure 
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systems has been attempted,” the official’s state- 
ment continues, “but it was quite difficult, before 
the war, to break with the old systems and adopt 
the new one to which the nation was but little 
accustomed. When the world war started, how- 
ever, the necessity of adopting the metric system 
was keenly felt, and the Government Bill was 
readily accepted by the Diet.” According to the 
Yokohama Chamber of Commerce Journal ^ within 
the five years beginning with the date from which 
the Law takes effect, all public works. Govern- 
ment offices, schools, and large factories will be 
made to adopt the new system, while the general 
public will be given 20 years’ grace. 

Action of High TEMPERAiuiiEs on Paraffin. — 
Crude Boryslaw petroleum (d. 0*856) was distilled 
by Messrs. Burstyn and W. Jakubowicz, after 
treatment with 50 per cent sulpuric acid (98 per 
cent at 40 C.), followed by washing. Accord- 
ingly as distillation is stopped at 150®, 200®, 250®, 
or 300® C., the proportion of paraffin obtained in 
the residue is 13*8 per cent, 12*8 per cent, 12*2 per 
cent, or 10*1 per cent. In any case the solidifica- 
tion point of the paraffin is 51-5® C. As there 
are not appreciable quantities of paraffin in the 
distillates, the differences in the amounts obtained 
are ascribed to the decomposition even at 125® C., 
due chiefly to the^ action of the air. For this 
reason distillation in a vacuum is recommended. — 
Matures Grasse Sj April 15, 1921. 


Italian Mercury Industry. — M onte-Amiata in 
Grosseto Sierra is the centre of the Italian mer- 
cury industry, the production of this district, about 
1000 metric tons of metal yearly, representing 
about the total for all Italy. It is estimated that 
this deposit can supply ore in much the same quan- 
tity for several hundreds of years. The ore-pro- 
ducing zone IS 40 kilometres long, running 
parallel to the Apennines, and covering an area 
of_ about 400 sq. kilometres. There are eight 
mines now worked. The ore is usually red sul- 
phide or cinnabar. The high cost of fuel (coal 
and wood) is the greatest burden in expenses for 
smelting. Ther are two types of furnaces in use, 
one for large pieces of ore, which are mixed with 
wood fuel, simple shaft furnaces, and the other 
a special type for smaller pieces. There are two 
causes which considerably affect cost price, viz., 
emanations of sulphuretted hydrogen, involving 
employment of powerful electric fans, and the 
nature of the soil which becomes saturated with 
water and causes falls of earth in the galleries. — 
Genie Civile April 9, 1921. 

An International Agricultural and Industrial 
Exhibition will be held at Riga from July 31 to 
August 28, 1921. The Exhibition will be undei the 
control of the Lettish Government. Full particu- 
lars and information can be obtained from The 
British and Russian Transport Co., Ltd., 6, 
Lloyd’s Avenue, E.C.3. 
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THE CHEMICAL NEWS. 

VOL. CXXII . No ^3193. 

EDITORIAL. 

.AlFTER much discussion and enquiry it has been 
decided to make an alteration in the appearance 
and also the title and contents of the CHEMICAL 
News. 

The needs of the advertisers have called for a 
better surfaced paper for the cover, and it has 
been thought that a distinctive colour will be more 
satisfactory than the present one, which has re- 
mained unchanged since the first issue in 1859. 

The great advances that have, within the last 
25 years, been made in the domains both of 
chemistry" and physics, and the fact that these 
advances have been largely absorbed in our 
national industries has brought the CHEMICAL 
News into the hands of manufacturers and mer- 
chants to a very much greater extent than in the 
past. 

We are, therefore, venturing to alter the latter 
part of the title to “Journal of Industrial Science” 
and to make an appropriate alteration to the title- 
page of the volume. 

These are matters of small moment. What is 
of more importance is that we propose for the 
future to make the first issue in each month four 
pages larger than heretofore, and to devote the 
four additional pages to the notice of the very 
numerous new books that are now appearing, 
dealing with chemical and physical science. 

Firmly believing that we shall before long enter 
upon a period when the present state of unrest 
and agitation will give place to one of serious 
work and production, it is our intehtion to lose no 
time in contributing our mite to the increasing 
activity in industrial science. We shall greatly 
value any suggestions and criticisms upon the 
course we are taking. 

The last Friday Evening Lecture of the Session 
at the Royal Institution was delivered by Sir J. 
J, Thomson, O.M , o-n the “Constitution of the 
.Atom.” The subject is one of fascinating interest, 
and will probably mark an epoch in our accepted 
ideas of the physical nature of atomic matter. It 
was pointed out that the recent discoveries of 
radioactivity had brought the chemist and physi- 
cist into very close relation, to their mutual advan- 
tage; certainly the old idea of a solid individual 
particle has gone, and in its place w^e have an 
atom of positive electricity surrounded by a more 
or less complicated system of negative electrons. 
This idea, originating in the investigations of Sir 
Ernest Rutherford, Prof, Soddy, and others, has 
been elaborated by Sir Joseph Thomson, and now 
stands upon an unassailable foundation. By 
means of a series of ingenious models and dia- 
grams, the details of the new system were ex- 
plained, and many of the well-known chemical 
reactions were made clear. 

At the conclusion of the lecture the opportunity 
w’^s taken to make a presentation to Sir James and 
Lady Dewar on the occasion of their golden 
wedding. The gift of the members of the Royal In- 
stitution took the form of a very beautifully figured 
gold vase, and was presented by His Grace The 
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Duke of Northumberland, who briefly reviewed 
the work of Sir James Dewar, and dwelt upon its 
world-wide value and importance. 

Sir James Dewar, who was visibly affected by 
the occasion, acknowledged the gift on the part 
of Lady Dewar and himself, and gave a short 
history of his long connection with the Institution, 
and of the vicissitudes through which it had 
passed. 

To the writer, whose acquaintance with the 
Royal Institution has been of very many years 
standing, the occasion was one of deep interest. 
Every detail of the work of Sir James Dewar from 
the far-away days when the vacuum vessel was a 
square-sided box of glass, past the early days of 
the compression of oxygen in brass pumps, 
through the brilliant researches and the glorious 
experiments that recorded the liquefaction of air, 
nitrogen, oxygen, and the inert gases of the atmo- 
sphere, passed through the mind in luminous suc- 
cession, together with the faces of many who at 
one time seemed to be part of the Institution — 
now, alas ! alive only in remembrance. One or 
two only are left, and the most prominent of these 
was Sir James, who occupied the same seat that 
he always holds (it is unthinkable to imagine him 
in any other part of the theatre), and it was a real 
pleasure to hear him speak of continued vigour 
and hope of further activity: a hope that we 
heartily endorse. 


POLYMERISATION AMONGST LIQUIDS. 

By WILLIAM R. FIELDING, M.A., M.Sc., Viet. 

Senior Science Master at King Edward VII School, Lytham. 

In a previous article (Chemical News, vol. exxii., 
No. 3170), I calculated the degree of polymerisa- 
tion {i) for a number of elements and compounds 
in the solid state. In the present article I pro- 
pose to find the relative sizes of the aggregations 
of certain substances at their boiling-points, and 
then to calculate f for a number of typical liquids. 
Assuming the truth of 

k 

Px 

I first made a comparison between the rates of 
polymerisation oh certain liquids at 302° A. For 
bromine, if W = 8o, and f-i, then 

^=^'57- The results are given in Table 1. 

Table I. 





Relative 

Minimum 

Substance 

w 

s. 

value of p 

value of p 

Br 

80 

0-1071 

I 

1*37 

H,0 ... 

6 

I 

*J*43 

i-g 6 

P (yellow) 

31 

0-2045 at 346® 
<0-2045 -F.P, 

>1-35 

>i*8s 

Pb 

207 

0-047 -653'' 



<0*047 ~F-P. 

>0-88 

>1-20 

Hg ... 

200 

0-0333 

1-3 

1-78 

Cl 

3S’5 

0*223 -240® 
>0-223 “302® 

<1*07 

<1*46 

Ga 

69*9 

0*0802 “392 



<0-0802 “F.P. 

>1-52 

>2? 08 

A1 

27 

o-3gx4 -947“ 
<0*39 “F.P. 

>0*816 

>1*12 

Cu 

63*5 

0*1556-1357'' 

<o*jS56“F P. 

>0*87 

>1-2 

Ag 

108 

, 0*07^8“ 1276° 

\ 




<0*0748 “F.P. 

>1*06 

>1-45 
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3 i ... 208 0’0363-6 o3° 




<0*0363 -F.P. 

>1*13 

> 1*55 

Zn 

65-4 

0*1786-732® 
<0*1786— F.P. 

>0*73 

>i 

3 n 

119 

0*0637-513® 
<0*0637 -F.P. 

>1*13 

> 1*55 

^gCl 

71-7 

0*129 —767° 
<0*129 —F.P. 

>0*92 

>1*26 

AgBr * 

94 

0*076 -”769® 
<0*076 -F.P. 

>1*2 

>1*64 

PbBra 

122 

0*078 -Sii® 
<0*078 —F.P. 

> 0*9 

>1*23 

Pbla 

154 

0*0645—648® 
<0*0645 — F.P. 

>0*86 

>i*i8 

LiNO, 

23 

0*390 “54Q'' 

<0*390 —F.P. 

> 0*95 

> 1*3 

NaNOa 

17 

0*430 —623® 
<0*430 -F.P. 

>1*17 

>1*6 

KNOa 

20 

0*333 -“633° 
< 0*333 -F.P. 

>1*28 

> 1*75 

AgNOa 

34 

0*187 “5iS° 



<0*187 —F.P. 

> 1-35 

>1*85 

KClOa 

24*5 

0*325 “ 550 ° 
<0*325 —F.P. 

>1*07 

>1*46 

CaHaOH 

Q*I 

0*648 

2-6 

3*56 

Raising the least value of ^ (i. 

0*73 

for zinc) 


to I, we obtain the minimona values at 302° A. 
(last column). Even these values may not be high 
enough, for 5^ for emery liquid must be at least 
I at the boiling-point. 

In Table 11 . I have compared the values of 
^ in the solid and liquid states. 

Table II. 

Solid. Liquid. 


Substance 

P 

Temp. 

P 

Temp. 

j 

Cl 

1*5 

172® 

1*37 

240“ 

1 

Br 

1*5 

266® 

1*37 

302° 

i 

P 

1*53 

298® 

>r8s 

F.P. 

t 

Bi 

1*51 

307" 

> 1*55 



Sn 

1*5 

323 

> 1*55 

i ) 

1 

Pb 

1*47 

307° 

>1*20 


I 

A 1 

1*72 

300® 

>1*12 

3J 

1 

Ga 

1*71 

291® 

>2*o8 


j 

Zn 

i*S8 

306® 

>I 

JJ 

1 

Hg 

1*45 

214® 

1*78 



[ Cu 

1*67 

330° 

>1*2 

JJ 


Ug 

1*62 

400® 

>x *45 

JJ 

, AgCi 

1*48 

330° 

>1*26 

JJ 

f AgNOa ... 

2*00 

330° 

>1*85 

3 

i NaNOa ... 

2*15 

3xb® 

>1*6 

JJ 

1 KNOa 

2*04 

303 

>i ‘75 

JJ 

KClOa 

2*01 

307 

>1*46 

JJ 

HaO 

3 

373® 


JJ 

There are at 

: least 

five elements in 

this list 


which are more highly polymerised (at the 
melting-point) in the liquid than in the solid 
state, viz., ; phosphorus, bismuth, gallium, mer- 
cury, and tin. (If data were available probably 
there would prove to be many more). Now mer- 
cury and phosphorus contract on freezing; so do 
copper, lead, tin, silver, &c. ; whereas bismuth 
expands on freezing, like water (see Roberts- 
Austen : “Introduction to the Study of Metal- 
lui^gy?” 5th edition, p. 16). Hence the difficulty of 
explaining the phenomenon. It is probable that 
solid phosnhorus consists of monatomic and di- 
atomic molecules, and when liquefaction takes 
place, some of the phosphorus molecules associate 
to form Pa, P4, &c., molecules. The same ex- 
planation might apply to bismuth, gallium, mer- 
cury, &c {see farther reference to this subject 
after Table VL). 


As I wished to compare the degree of poly- 
merisation of different groups of compounds be- 
tween 200-400® A., I tried to select two elements 
which are liquid within these limits, in the same 
group of the Periodic Table, if possible, so that 
I could assume with some justification that they 
acted somewhat similarly, either aggregated 
or polymerised to the same extent at corresponding 
temperatures. 

Assuming ^ = 1*37 for bromine at 302® A., then 
it is <1*46 for chlorine at 302® A., but >< 1*46, 
i.e,^ about 1*37 at 240® A. I made the bromine 
aggregation at 302® =2, i.e,j its vapicular weight 
is 160. Then, 

Tx:^x.? (observed) 


Rt 

Substituting 302° A. for T, 

1*37 for 

0*1071 for s at 302®, 

2 for Rt , 

then J^ = 22'J5. 


For chlorine (at 240° 

A.) 

Rt= 3 * 3 I, 

and 

vapicular weight - 1 18. 

Thus, 




Cl 

Br 

T 


240 

302 

Vap. wt 


I18 

160 


By inter- and extra-polation the vapicular 
weights corresponding to all temperatures quoted 
in this paper can readily be obtained (i® rise or 
fall in temperature =0*68 in V. wt.). Or a for- 
mula, similar to that used for solids, connecting 
vapicular weights and temperature, can be ob- 
tained as follows ; — 

240 -"AT ^ 302 — A T 

V'liS \/i6o 
jjf = - 136 

, T+136 



VVap. wt 

From data for chlorine, 

240+ 136 

=^-34*62 

10*86 

• _ a / Vapicular 

" 34-62 weight 

The results for water are given in Table III. 
The specific heats used are those obtained by 
Callender and Barnes (quoted in Edser’s Heat). 
There are several tables given in Landolt-Born- 
stein, “Physikalisch-Chemische Tabellen,” but 
they are all slightly different from each other, 
agreeing only in one respect, that the minimum 
specific heat is between 293® and 313® A. 


Table III. 


Absolute Temp. 

St 

®obs 

P 

273 (ice) {R=69) 

— 


3 

273 (Pi ==23*3) 

1*8904 

1*0054 

1*88 

283 

1*9175 

1*0022 

1*91 

293 

1*93 

1*0000 

1*93 

303 

1*9591 

0*9987 

i*g6 

313 

1*9673 

0*9982 

1*97 

323 

1*9887 

0*9987 

x *99 

333 

2 -OOQO 

roooo 

2*01 

348 

2*0240 

1*0024 

2*02 

363 

2*0441 

1*0053 

2*03 

373 

2 *0606 

1*0074 

2*04 
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Thus, throughout the liquid state there is a 
slight rise in the value of f. On melting, 
apparently, some of the trihydrol breaks up into 
dihydrol and monhydrol. Consider 100 molecules 
of trihydrol. Let x persist when the ice melts, 
the remaining (100— ;ir) molecules breaking up into 
(100— .r) molecules of dihydrol, and (ioc-~:r) mole- 
cules of monhydrol. There are now (^.oo—x) 
molecules of tri-, di-, and monhydrol present, 
whose average degree of polymerisation is 1*88. 

1*88 (200— ^) = 100x3 

jfc‘=4o -4 

Thus, 5Q’6 per cent of the trihydrol breaks up 
when ice is melted, and of the new molecules 
formed 40*4 are (HaOla, 50*6 are (HjOja, and 59*6 
are (HaO). That is, there is an increase in the 
number of molecules, yet a decided diminution in 
volume. Thus, at 273° A., water contains 40*4 
per cent by ‘weight of trihydrol, and hy number 
25*3 per cent of (HjOls, 37'3 per cent of (H20)2, 
and 37*3 per cent of H^O. 


This is assuming that none of the monhydrol 
molecules associate amongst themselves to form 
dihydrol. Supposing all the monhydtol becomes 
dihydrol, then the equation becomes 
f 300— 


I 88 


= 300, 


which gives a negative value for x. From 
Table III. it will be obvious that the mon- 
hydrol molecules could not all be transformed 
into dihydrol until above 330® A. (when ;^=2+) 
although a certain proportion may do so at any 
temperature betw'een 273® and 373® A. That 
something like this is occurring is evident from 
the irregular specific heats, and from the fact that 
the point of maximum density can be lowered by 
increasing the pressure, when 2^ would be altered 
too. 


The three kinds of molecules exist side by side; 
in varying amounts, until boiling-point, when 
liquid water is about two-thirds dihydrol (see 
Table IV.). At the conversion of 100 moJcules of 
trihydrol (ice at 273® A.) into 159 mixed molecules 
at the same temperature, there is a decided shrink- 
age in volume, showing that trihydrol has a big 
configuration, and monhydrol a small one, the 
dihydrol coming in between. Under increased 
pressure, ice (at 273° A.) liquefies, its volume is 
reduced, and presumably the bulky trihydrol con- 
figurations are broken down, thereby reducing the 
value of The relation between pressure and 
t will be dealt with later. 

The specific heat of trihydrol (ice at 273® A.) = 

9 

=0-504. 

6x3 

11*34 

The specific heat of dihydrol = -0*945 

Wx^ 

(at 273° A.). 

11*34 

The specific heat of monhydrol = =i*^o 

WX25 

(at 273® A.). 

I have calculated the relative sizes of these 
three molecules as follows : I have assumed that 
the size of the dihydrol molecule is the arhh- 
metical mean of the other two. 


Let size of trihydrol molecule 2 ; then size of 
dihydrol molecule is i+x; and size of monhydrol 
molecule is 2X. ii cc. of ice at 273 become 10 
cc. of water at the same temperature. There- 
fore, starting with 100 molecules of trihydrol, 

100x2= }j|{4o*4X2)-l-S9*6(i+;i^) + 59‘6(2;jr) j- 
= {J(8o'8+ 59*6+59*6^+ 1 19*2^) 

= |j(i 40 - 4 -+i 7 S- 8 ;jr) 

;t'=o*23i 

2^=0*462 



*. 1 + X = 

1*231 


The relative volumes are 

- 


(H,0), 

2 j 



(H,0), 

1*231 ^ 

[ or 2*664- 


(HaO) 

0 462 J 

f I 1 


Their relative 

densities 

can be obtained as 

follows : — 

Relative 

number 

Relative Relative Relative 


at 273 °A 

Vols. Weights Densities 

(HaO). 

.. 40-4 

2 3 

I'S 

(HaO)a 


1*231 2 

1*624 

(HaO) 

.. 59-6 

0*462 I 

2*164 


Total volume= 140*44-178*8 (where =0*231) 

= 181*7 

Total weight =300 
300 

Density = 1*651 

181*7 

The actual density of water at 373® A. is 1, sc 
that the densities of (HjOja, and (HaO) 

are 0*908, 0*983, and 1*310 respectively. 

What happens to water at 4® C. 

Let M additional molecules of trihydrol breah 
up between 273® and 277® A., and further, assume 
that none of the monhydrol is transformed intc 
dihydrol. The water formed at 273® has a volume 
of 140*44- I78*8;»r= 181*7. 

The volume at 277® A. (4® C.) will be 

2 (40* 4 — ?«) 4* 1 * 23 1 ( S9‘ 6-1- ?«) 4-0* 462 ( 59* 6+ w ) 

= (8o*8~2w)+(73’44-i*23m) + {27*5+o*462w) 
= i8i*7-o*307»t. 

The volume at 273® 

— =1*00013 

The volume at 277® 
i8i*7 

=1*00013 

181*7— o*307?w 

o*30704»J =0*0236 
w=<o*oS 

That is, only a very small quantity of trihydrol 
breaks up between 273-277®, and we can regard 
the point of maximum density as the close of the 
{Ha0)a'->(H^0}a4”H,0 actioB, or the completion 
of the melting process. 

After 377® A. both 

2(Ha0)3-^3(H30), and 
2(HaO) 

are proceeding, and a rough calculation o^l 
their relative importance can be made as follows 
From 277-373® there is an expansion. How 
2 {Hs0)3-^3{H20)s represents a contractiem from 
(2x2) to 3 (1*231) =0*307; and 2(Ha0)-^(H»0)a an 
expansion from (2X0*402) to 1*231=0*307- 

If both actions proceeded together at the same 
rate there would be no change in volume, so 
the second one, viz,, must ^ pro- 

ceeding more rapidly than the foiipor one, ! i I ^ 
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At 277® the composition of water is practically 
the same as at 273° A., viz., 40*4 molecules of 
(H30)3, 59*6 molecules of (HaOja, and 59*6 mole- 
cules of (H2O). 

The 59*6 molecules of (Ha0)3 will not undergo 
any further change ; but between 277-373 ® A. let 
X trihydrol molecules pass into A'H30+;ir(H20)a 

y trihydrol molecules pass into'^lHaOja 

z 

z monhydrol molecules pass into~ (HjOja 

The net increase in volume due to these actions is 

z 

~Ar(2~ 1*231 -o*462)4*y(2 — i* 846 ) 4 -y(^'^iS — 0*462) 

- -o*307.r-l-o* iS4y-f o* 153a. 
The volume at 277° is 181*7 and as the average 
coefficient of expansion of water is 0*00045 the 
volume is increased between 277—373® A. by 7*85. 
/. -o*307Ar+o‘iS4y+o*iS3a=7*85 

Le., -2^+y+a=Si*3 

No likely results are obtained by giving any 
value to the action (HaO)^— >(H20)2-hH20 

ends at 277° (under atmospheric pressure); un- 
less it follows the course. 

2{Ha0)3-->2(Ha0)a + 2H20 
-->2(Ha0)24*(H20)2 
'~>3(HaO)2 

Suitable values for y and z can be found so that 
f at 373° will be 2*04. This condition is satisfied 
when x=o, 7=13, and a“38*3. Water at 373® 
consists, then, of 

(H20)3 2r4 
(H30)2 98*3 
(H2O) 21*3 

These results are summed up in Table IV. 


Specific heat (273®) 
Relative volume 
Density 


Table IV. 

(H2O) 

0*5 

}:■ 


Percentage comf. of water 


.33 

0*908 


{H20)2 

0*945 

1*231 

2*66 

0*983 


(HaO 

1*890 

0*462 

I 

1 310 


10 

0 

By weight 

40*4 

39*7 

19*9 


By number 

25*3 

37*3 

37*3 

373 

By weight 

27*4 

65*5 

7*1 


By number 

18*6 

66*8 

14*5 


As the^ observed specific heats and the degrees 
of association of water are practically constant, 
compared with many other liquids, the product 
of and .y is almost constant between 273-373° A., 
ranging from 1*89 to 2*06. In finding the “mole- 
cular weight’ the polymericular weight) of 

a liquid (x) at 273® A., 

k 



W;. S.V 

For water, ^ = i*88 
0 = 1*0054 
w—6 

* = 11-34 

11-34 

••• 


and pp^ = 


WxSr 

12*36 

Wx Sx 


The values of ^ at other temperatures can be 
obtained from Table V. or Fig. i. 


Absol. 

Temp. 


273 

283® 

293° 

303“ 

313° 


Table V. 

Absol. 


pxs 
(See St, 
Table III). 

1*89 

1*92 

1*93 

1*96 

1*97 


R 

Temp. 

/>xs 

R 

11*34 

323'' 

1*99 

11*94 

11*52 

333 

2*01 

12*06 

11*58 

348° 

2*02 

12*12 

11*76 

363° 

2*04 

12*24 

11*82 

373° 

2*06 

I2*3(> 


r/GJ. 



The specific heats of a few liquid inorganic 
compounds have been determined, and from them 
their degrees of polymerisation have been calcu- 
lated. See Table VI. 


Table VI. 


Compound 

jAgCl 
lAgBr 
TlCl 
PbCl2 
PbBr* 

Pbl2 
fLiNO, 

NaNOa 
KNO3 
AgNOa 

KaCraOy 

KC103 

H2SO, (solid) 
H2SO4 (solid) 
H2SO4 (liquid) 
H2SO4 (liquid) 
fSOa (solid) ... 
SO3 (liquid) 
SO3 (liquid) 
NaaSaOs-SHaO 


NaaHP04.I2Ha0 


Absol. 

Temp. 

767 

769 

811 

811 

646 

549 
623 

733 

S18 

713 

550 

243 

273 

293 

323 

127 

253 

273 

329 


Liquid. 


St. 

0* 191 
0*146 
0*115 
0*148 
0*113 


®obs. 
0*129 
0*076 
0*059 
0*121 
0*078 
0*0877 0*0045 
0*958 0*390 


0*672 

0*677 

0*385 

0*509 

0*538 


0*430 

0*333 

0*187 

0*335 

0*325 


1*48 

X*Q2 

1*95 

1*22 

1*45 

1*36 

2*45 

1*56 

2*03 

2*o6 

1*52 

1*66 


Solid. 
p Temp 

1*48 330 


1*59 333 


0*8315 0*3447 2*41 
0*8524 0*3585 2*38 


2*07 

2*03 

2*00 

1*92 

2*01 

2*80 

2*48 


320 

320 

330 

309 

307 

243 

273 


CaCU.6HaO 
fNH, (solid) 
NHs (liquid) 


343 

340 

85 

273 


0*516 

0*532 

1*064 

1*492 

1*159 

1*858 

2*678 


0*313 

0*317 

0*569 

0*758 

0*552 

0*5 

0*876 


1*65 

1*67 

1*86 

1*96 

2*10 


1*81 127 


— 372 85 

-- . , . 3*05 — 

The results in Table VI. are not only interest- 
ing but perplexing. We should expect that p 
would be less in the liquid than in the solid state. 
Taking ice at 273° as trihydrol, p fo-r AgCl., 
KNO3, AgNOa, &c., is practically the same at the 
M.P. in both the liquid and solid states; so is it 
for H2SO4 and SOa- The polymerisation curve 
for H2SO4, &c., is practically continuous on 
change of state (see Fig. II.). There is a fall in 
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the value of i? on melting for KCIO3, 

H.O, &c ; but a rise in the cases of P, Bi, Ga, Hg, 
LiNOai?), AgBr, &c. _ To make i> always greater 
in the solid state than in the liquid state we should 
have to assume that ice at 273° was 01 

moic complex still, for all the values of 2^ (in the 
solid state) are based on (HjO)., at 273° (ice). 

When t IS greater in the liquid than in the solid 
state I should imagine it is for the same reason 
that i for water is greater at 373° than at 273° 
A. So^ solid phosphorus (Pj and Pa) on melting 

becomes more associated still, i,e,, P^, P^, See. 

In the liquid state f for NH^ is probably 3, so that 
N is pentavalent ; 

H\ H 

■H— N N— H 

r/ 


H' 


\Ts' 


/l\ 

H H H 

in the solid state animoma also contains either 
(NH,), or (NH,),. 


\ 

/ 

\ 

/ 




/ 

\ 

\i/ . 

N— 

— N— 

— N- 

N N- 

1 


\ 

/| 

1 

1 



or 

1 

■N— 



— N' 

N H 


/ 

\ 


\ 


/, / 1 \ \ 

It is possible to give s'ulphur a verj' high 

valency in both liquid SO. and HjSO,. Thus ; 

O, 


o) 


S =S1 


'O 


0 = 

s = 0 

or 

11 

0 = 

s = 0 

HO 


ho/ 

No 

HO. 

1 yyO 

\ 

hq/ 

<1 


HO. .0 
>S< 1 
HQ/ ipo 

HO. II .0 
>S< 1 
HQ/ \o 

We can divide the polymerisation curves intc 
five classes : — 

I. The sulphuric acid curve. 

2 The water curve. 

3. The P or S curve. 

4. X 
5 ^ V 


JUIC X Ui O V.U1VC, 

: } See Fig. III. 


The sulphuric acid curve shows a gradual and 
continuous fall in the value of ^ until the boiling- 
point, when becomes less than i {Le,j counting 
HaO, SO» as half molecules. ^ for these separate 
parts is i+). 1 


The water curve shows a distinct fall .in the 
value of ^ at the M.P , and again at the B.P. 
The P curve shows a rise probably at the B.P. as 
well as the M.P. X and Y are two theoretical 
curves. 



(To be continued). 


OSMOTIC PHENOMENA.* 

By CHARLES A. SHULL, 

The University of Kentucky, U S.A 


A THOUGHTFUL consideration of the various re- 
lationships which exist between plants and their 
environment, leads o-ne to the conclusion that none 
IS of gerater importance than the relationship 
established with the moisture of the soil through 
the roots and root hair mechanism. The funda- 
mental character of this relation is seen clearly in 
the facts that soil moisture is the dominant 
edaphic factor in the geographic distribution of 
vegetation, and that some of the most stfiking 
modifications in the form and structure of plants 
are produced by physical or physiological dryness 
of the environment. The deserts of the earth 
have a sparse vegetation not because of infertility, 
but from low soil moisture content. And the succu- 
lent types of plants found m xerophytic and halo- 
phytic habitats have been developed through the 
physiological conditions set up inside the plant 
incident to low availability of water. 

As has been shown recently by MacDougal and 
others, the course of carbohydrate metabolism is 
determined in certain sqccuients by the amount of 
water existing in the cells, and the probability is 
that most succulent plants have been modified by 
the osmotic conditions in their cells. Whenever 
the water content exceeds the critical amount, the 
carbohydrates form polysaccharides of low im- 
bibitional capacity. But if the saturation deficit 
becomes great enough, the tendency is for the car- 
bohydrates to go over into pentosans which are 
hydrophilous. In such case.s ,if in addition there 
is the production of much free acid during the 
carbohydrate transformations, succulence will 
probably result from the combination of circum- 
stances. Thus low availability of soil moisture 
may fundamentally change the metabolism of the 
plant, and modify its whole form and structure. 

Whether we consider the influence of the plant 
upon soil moisture, or yice wersa^ the influence of 
the quantity of soil moisture upon the plant, these 
influences must act through the same mechanism. 


*A Contribution to a General Discussion on Fbysieo-Cfeeiaical 
Problems Relating to the Soil '* held by tbe Fara^y on 

Tuesday, May ' . * ' ’ 



294 


Osmotic Phenomena 


the osmotically active membranes of the plant. 
Usually these are living membranes, but osmotic 
membranes of cellulose, and dead cells, as in 
seed^ coats, are now well known. 

When dry seeds with osmotically active coats 
are placed in moist soil, they absorb moisture with 
great power, such forces an imbibition, capillarity, 
surface force, hydration power of colloids, and 
osmotic pressure from internal salts being in- 
volved. The total power of the seed to ^ibsorb 
water is the resultant of all these forces working 
together. Opposed to these internal forces are 
external forces which tend to prevent intake of 
water. The surface forces of soils, capillarity, 
surface tension, adhesion, cohesion of water in 
thin films, osmotic action of solutes, &c., are 
pitted against these internal forces; and water 
movement into or out of the seed will take place 
in accordance with the lack of equilibrium be- 
tween the two resultant forces It is an interest- 
ing fact that seeds will actually germinate in a 
soil that has a moisture content below its wilting 
coefficient. 

As soon as the seed begins to germinate, the 
characteristic osmotic mechanism for soil water 
intake is established. The view point is general 
that the intake of water, its transfer through the 
plant body, and its distribution to the living cells, 
are processes involving osmotic action at various 
places in the organism. Although some sugges- 
tions have been made assigning to the root a 
rather passive role in water intake, it seems to me 
a mistake to adopt the idea that the root is mainly 
an anchorage organ, and that water merely filteis 
through the root under the negative pressure of 
atmospheric evaporation and the cohesion of 
water. The osmotic delivery of water by the root 
to the lower end of the cohesive water columns 
probably goes on at a rate determined by all of the 
physical and chemical conditions within the soil- 
root system, including the cohesive pull upon the 
root cells. And if this does not keep pace with 
evaporation, the deficit in the aerial portions be- 
comes greater and greater, and the tension 
stronger, until breakage of the column and per- 
manent wilting ensues. 

There is reason for believing that the drying 
power of the atmosphere, which fluctuates greatly 
with changes in relative humidity, averages not 
far from looo atmospheres. And this is the tre- 
mendous force which is responsible for the dis- 
turbance of moisture equilibrium in the leaves, 
generating in the cell walls bounding intercellular 
spaces, in the protoplasm itself, and in the vacu- 
oles of leaf cells, those imbibitional and osmotic 
forces which lift the water column of the trans- 
piration stream to the tops of even the tallest 
plants. 

The root hair itself is very w’ell adapted to its 
function as an absorbing organ. As Miss Roberts 
has shown, the wall of the root hair is usually the 
outgrowth of the middle lamella of the epidermal 
ceil. It is lined inside by a cellulose layer de- 
posited upon it by the living protoplasm. The 
external layer, ^efefore, is largely calcium pec- 
tate, and a pectin mucilage brings it into almost 
intimate contact with the particles of soil min- 
erals. As this pectic material is a hydrophilous 
colloid. It is highly adapted to imbibe surface 
moisture from the particles of soil with, which it 
is in contact. It is worth while to note in passing 
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that the whole problem of water intake and water 
outgo from the plant begins and ends in imbibi- 
tion, imbibition of water from the protoplasm ’and 
vacuole by the exposed cell walls in leaf inter- 
spaces, and imbibition of water from the surface 
of soil particles by the pectic walls of absorbing 
root hairs. 

There are several main problems connected with 
the osmotic phenomena of plant life which are 
worthy of consideration. These are, the nature 
of osmotic pressure itself, the cause of semiper- 
meability in membranes, and the cause of uni- 
lateral movement of water across the semiper- 
meable septum. Before considering the nature of 
osmotic pressure, the power of the plant to adjust 
Itself osmotically to its environment should be 
mentioned. It has been fully established by the 
work of Hill, Drabble, and Drabble, and Miss 
Roberts, that the plant increases or decreases the 
osmotic concentration of its cell sap :pari fassit 
with changes m the environment which determine 
the scarcity' or availability of water for the plant. 
Miss Roberts’ work is especially significant as re- 
lated to soil moisture, since she made her deter- 
minations on root-hair producing cells. She found 
that the osmotic pressure of the root hairs is main- 
tained a few atmospheres in excess of that of the 
surrounding medium. Such changes in the root 
cells are accompanied by corresponding changes 
in the osmotic mechanism more or less throughout 
the entire plant, so that appropriate osmotic 
gradients are constantly maintained. With plants 
growing in the soil, a similar gradient for mois- 
ture intake exists. At the wilting- coefficient the 
soil withholds water from the plant with a force 
of about four atmospheres, while the usual osmotic 
concentration of the sap of root cells of land 
plants is seven or eight atmospheres. In desert 
regions, of course, these pressures would run much 
higher. Under normal field conditions, there- 
fore, the pressure gradient in ordinary mesophytic 
plants should run from four to eight atmospheres, 
as the fluctuation of the water withholding power 
is from zero to four atmospheres. At the wilting 
coefficient the effectiveness of the intake gradient 
is lost because the rate of transfer of moisture 
from soil particle to soil particle toward the plant 
becomes entirely inadequate. And now, even 
though the plant’s ostnotic pressure rises rapidly, 
It does not succeed in securing the needed mois- 
ture, because it is trying, as it were, to draw water' 
from a dry well. Permanent wilting must quickly 
ensue in most cases after the soil reaches the wilt- 
ing coefficient. 

The main criticism to be made of the current 
discussions of the nature of osmotic pressure is 
that they attempt to simplify too much a process 
that must, like other life processes, be complex. 
We may attribute osmotic pressure to the differ- 
ence in free energy of the solvent and solution, 
or to the kinetic energy of the solute acting on 
the semipermeable membrane. It seems to me 
more appropriate to consider osmotic pressure a 
complex force, the resultant of numerous factors. 
The free energy of the solvent, the kinetic energy 
of the solute, the chemical forces of hydration, 
especially in more concentrated solutions, and the 
attraction of ions in solution for particles of water 
charged oppositely while passing through the 
differential septum, are all factors in producing 
osmotic pressuie, in the plant this complex force 
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is smallest in the root hairs, and progressively 
increases to the farthest limits of water transfer. 

The most important problems in connection 
with osmosis centre in the nature and causes of 
semipermeability in membranes. The sieve theoiy*, 
the various solubihty theories; the surface tension 
theory, and the hydrone theory are all \vell known. 
Every one of them has some supporting evidence, 
but all of them have their limitations, and prove 
inadequate to- account for the knowm facts, 

Armstrong’s hydrone theory has come particu- 
larly to my attention in connection with my own 
work. The assumptions which are made in this 
theory as to the character of semipermeable mem- 
branes and the salts which they eclude from pas- 
sage are of such a nature that they seem to me to 
necessitate the fundamental likeness in behaviour 
of all semipermeable membranes. If only hydro- 
nated membranes can exhibit semipermeabilit^*, 
and if hydronated membranes exclude all hydro- 
nated or hydrolated salts, then all membranes of 
this kind should have identical behaviour. The 
variability in behaviour of the natural semiper- 
meable membranes, then, is a challenge to the 
hydrone theojT- 

Again, it is not possible to attribute semiper- 
meability to sor^e particular chemical substance in 
the membran^ like tannin, or suberin, or cutin, 
&c. Many different kinds of membranes are semi- 
permeable, and no single substance, or class of 
substances, is common to them all. When copper 
ferrocyanide and other chemical precipitates, 
cellulose cell walls, or suberised cellulose, gelatin 
tannate, celloidin, cutinised tissue, parchment 
paper, and living protoplasm ail exhibit semiper- 
meabihty, it is certain that this peculiar property 
does not depend on chemical composition, but 
must be related rather to the structure of the 
membrane. 

There is one property which all of these mem- 
branes have in common. They are ail colloidal 
gels. It is my opinion that any theory of semi- 
permeability should frankly recognise this pro- 
perty, and be couched in the language of the phy- 
sics and chemistry of colloidal matter. 

Water can undoubtedly penetrate both phases of 
the colloidal gel; but salt molecules attempting 
to penetrate the membrane would probably be pre- 
vented from travellmg through the disperse phase 
by surface tension and other surface forces on the 
contact surfaces between die disperse and con- 
tinuous phases. If so, they would have to travel 
in the contiuous phase. 

Recently Free has proposed a theory of proto- 
plasmic permeability based upon this conception. 
He assumes that protoplasm is made up as a two- 
phase system in which the phases differ mainly in 
their ^ percentage of water content, arranged as 
colloidal globules dispersed in a colloidal medium. 
These two phases are supposed to be so related 
that interchange of water between the two can 
occur accordingly as changes in the physics or 
chemistry of metabolism, or of the environment, 
necessitate. By such changes, the colloidal glo- 
bules may increase in size while the continuous 
phase decreases; or, ince versa^ the globules may 
become smaller while the continuous phase separ- 
ating them increases in thickness at their expense. 
Conceivably the globules might reach such a size 
that the continuous phase would remain as the 
thinnest possible films between them, or they 


might enlarge until the gel is reversed, the dis- 
continuous phase becoming a continuous medium, 
and the former continuous phase becoming dis- 
continuous. 

Changes m permeability and semipermeability 
would be related to these phase interchanges 
Semipermeability would exist when the continuous 
phase^ existed in such thin films that molecular 
diffusion through it was impossible. Adequate 
provision is found here for natural differences in 
membranes, for they could hardly have identical 
behaviour unless the colloidal material were iden- 
tical in kind. Two different kinds of membranes 
could exhibit differences in reaction toward the 
same solution, and one would not expect to find 
semipermeability behaviour identical in all mem- 
branes. 

It seems clear to me that we must have a theory 
of semipermeability that recognises the nature of 
the membrane as Free’s theory does. Living 
protoplasm is an amphoteric substance with an 
isoelectric point; and it may react as an acid or 
base depending on hydrogen ion concentration. 
As It is played upon by various solutes, or by 
temperature, or light, changes in the permeability 
or semipermeability relations would undoubtedly 
occur according to the nature of the solutes, and 
the effects of other factors on the aggregation in 
the colloidal system. In non-living membranes 
like seed coats, the gels are much firmer, more 
difficult to change, and the characters more stable 
than in living protoplasm. But even here one* 
might expect changes from permeability toward 
semipermeability, or vice versaj with reagents 
having powerful effects on colloidal aggregation. 
In the problem of soil-moisture intake by roots, 
of course, we are dealing with a very delicate 
protoplasmic gel. 

Finally, the movement of water through the 
membrane offers an interesting problem. When 
the osmotic cell is completely surrounded by the 
solvent, like an enclosed sack, and if the mem- 
brane is elastic, one can think of the pressure 
moving the membrane outward in every direction 
to include mo-re water, rather than water moving 
in through the membrane. It is the membrane 
that moves. But in the living plant osmotic and 
imbibition forces set up a unilateral movement 
which has not been satisfactorily explained. The 
suggestions of Pfeffer as to protoplasmic differ- 
ences on 'Opposite sides of the cell, and of differ- 
ences in concentration on opposite sides of the 
vacuole are too well known to need discussion. 
Rhythmic pulsations of the osmotically active cells 
cannot be assumed, 

A suggestion which merits attention has recently 
been made by Loeb. In amphoteric membranes 
like the protoplasm of root hairs, and of vacuolate 
cells generally, the opposite sides of the membrane 
may be oppositely charged. If they were, Loeb 
points out that positively charged water particle^ 
would be driven through the membrane from |>0|i- 
tive toward negative side, where it would lose fti 
charge after completing passage. The loss hi 
charge allows other positively charged parties 
to follow ; and if a whole series of cells one after 
the other had such properties, the series w6uI4 
up a unilateral current of water; in the case of 
roots let us assume ..toward the open tracheae 
the vascular system. ^ Kt least this is 
possible factors to : 
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gradients, and might be responsible in part for 
the removal of water from the cortical cells into 
the open tracheae. Electric exosmose has been 
suggested to accoiint for the glandular secretion 
of water from cells of high osmotic concentration 
into ducts with lower concentrations. It can just 
as easily be a factor in the secretion of water into 
the tracheae of roots. 

The plant and its whole environment may be 
looked upon as a system in which atmospheric 
evaporation is the chief disturber of moisture 
equilibrium. In response to this disturbance, im- 
bibitional and osmotic forces are set up which 
reach back from leaves to roots through cohesive 
water columns. These water columns are fed 
from below by an active root system which de- 
livers its water by osmotic action and possibly 
electric transfer of w'ater. The w’ater is^ imbibed 
by the hydrophiie colloids of the root hairs, from 
the surface of contiguous soil particles, which in 
turn exert surface tension, surface, and capillary 
forces to draw moisture from particle to particle 
toward the plant. This disturbance finally reaches 
to the ground w'ater surface, which slowly lowers 
as the result of this upward movement of watei 
during periods of no precipitation, but is main- 
tained by precipitation from the same atmosphere 
wEich, when dry, disturbs the water equilibrium 

I am fully aware that there are many points 
which need investigation before an entirely satis- 
factory picture of the osmotic phenomena of plant 
life can be drawn. They are very complex pheno- 
mena, perhaps much more complex even than the 
considerations here brought forward indicate. But 
with a working hypothesis such as I have briefly 
outlined, w^e should be able by appropriate 'in- 
vestigations to throw much light on those more oi 
less obscure regions of the problem. 


NEW BRITISH CHEMICAL STANDARD 
STEELS. 

(Analytically Standardised Turnings) 

Two new plain carbon steels standards are now’ 
read for issue, viz., “M”, needed for some time 
mainly for colour carbon tests round about 0-23 
per cent, and “o 1” which fills the vacancy for a 
colour carbon standard of about 0*33 per cent, in 
addition to being available for the other elements 
shown below. 

The analyses have been undertaken as usual by 
a number of experienced chemists representing the 
following interests : British Government Depart- 
ment j U.S. Bureau of Standards; Referee 
Analysts, independent; Railw^ay Analysts, repre- 
senting users issuing specifications; Works 
Analysts, representing makers and users. 

The standard figures are as follows : 



* “M. 

“01.” 

Carbon 

O’ 228 

0*333 

Silicon 

0*057 

0‘i62 

Sulphur 

0*05* 

0*032 

Phosphorus 

... ... ... 0*04* 

0*031 

Manganese 

0*6* 

0*617 

Arsenic 

— 

0-024 

Chromium 

— 

0*0170 

Copper 

. — 

0*037 

Nickel 

— 

0*162 


approximate. 


The standards may be obtained either direct 
from Organising Headquarters, 3, Wilson Street, 
Middlesbrough; or through any of the leading 
laboratory furnishers at a price just sufficient to 
cover the cost. A certificate, giving the names of 
the analysts co-operating, the types of methods 
used, and a detailed list of their figures, will be 
supplied with each bottle. 


ILLUSTRATION OF MOLECULAR 
MOTION.* 

By J. NORMAN TAYLOR, 

Washington Preparatory School, Y M.C.A , Washington, D.C. 

A PROPER appreciation by secondary school 
students of the ‘‘habits of Nature,” which aie ex- 
pressed in abstract statements called “laW's” be- 
cause of their unfailing truth, is more readily 
brought about if concrete examples are given to 
illustrate their application. 

For instance, it is very difficult for an immature 
mind to appreciate the modern theory of the com- 
position of matter. When it is said that matter 
is not continuous but is of its ow’n nature discrete, 
i.e,j composed of unit particles knowm as mole- 
cules, it is difiicult for the studeht to grasp the 
full meaning of this abstract statement His idea 
regarding the behaviour of these molecules is also 
a vague one. It is ver>‘ hard for him to visualise 
the movements of particles infinitely small, con- 
tained in a transparent vessel, and themselves in- 
visible. If he can perform an experiment which 
will illustrate to him how' molecules move very 
rapidly in straight lines until they collide with 
each other or come into contact with the walls of 
the containing vessel, then he will be able to per- 
ceive that molecules are elastic. He will also be 
able to accept the postulate that the interstices be- 
tw'een the molecules must of necessity be larger 
than the molecules themselves. Furthermore, if 
a student is enabled, through an appropriate illus- 
tration, to understand that when heat is applied 
to the system the molecules move much more 
rapidly, then he will be in a much better position 
to take up the study of the gas laws. He wdll 
also be enabled to understand more thoroughly 
the kinetic theory of gases which is based upon 
all of these considerations. 

A device Dlustrating the assumed behaviour of 
molecules, and described by E. R. Stoekel in 
Science, xlviii., No. 1245, has been employed by 
the writer in assisting chemistry students to a 
better understanding of the molecular theory. 
It consists essentially of a hard glass tube about 
loin, in length and lin. in diameter, containing 
a pool of mercury which supports a small quantity 
of finely crushed material. In using this form of 
apparatus in the Association School laboratory it 
has been found that particles of cobalt glass of 
twenty mesh are very satisfactory. After pre- 
paring the tube, as here indicated, it is evacuated 
so that a pressure of less than a millimeter obtains 
and is then sealed from the pump. During the 
subsequent demonstration the tube may be held 
in the hand without inconvenience, but may if 
desired, be clamped to a standard. 

Upon the application of heat to the mercury 

and Matheptaiics^ 
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pool and upon gradually increasing the tempera- 
ture, the particles on the surface ^hvere carried 
away by the evaporating mercur\^” and moved 
alDout in the upper part of the’aibe in much the 
same manner as gas molecules are presumed to 
behave. 

After completion of the demonstration by the 
instructor each student may be allowed to verify 
the experiment. The use of this simple device 
excellently enables the student to form a clear 
mental picture of how the very small gas mole- 
cules are supposed to be in constant motion, and 
how the speed of this motion is altered by changes 
in temperature. 


NEW PROCESS FOR THE MANUFACTURE 
OF SODIUM PERBORATE, 

The New York Journal of Commerce of April 21 
contains an article on an invention which has just 
been patented by the Norwegian firm Fredrikstad 
Elektrokemiske F abriker, for producing sodium 
perborate, a bleaching powder which has been 
known and used^ since the beginning of the 20th 
century, but which has never been produced in 
Norway or in Sweden, 

The process consists of an electrolysis of com- 
mon borax in a weak solution. In this way the 
borax combines with a large percentage of oxygen. 
One of the disadvantages inherent in the pro- 
cesses utilised hithertd has been that a large per- 
centage of electric energy and borax were wasted. 
Another disadvantage was that only chemically 
pure borax could be used, and finally, a third 
disadvantage consisted in the difficulty of main- 
taining a continuous and constant production. 

Both of these last-named disadvantages have 
been overcome by adding to the original borax 
solution a certain amount of sodium cyanide. 
This addition makes all the impurities harmless, 
and prevents decomposition of the perborate, 
which is formed ^ in the solution. Accordingly, it 
is possible to utilise raw material less pure, and 
therefore less expensive, thus lowering the cost of 
production. Continuous production is also made 
possible. 

When the solution is saturated it is poured out 
and cooled; thereupon a certain amount of sodium 
superoxide is added which causes a rapid crystal- 
lisation of the perborate. 

This new bleaching powder has many proper- 
ties which make it suitable for a number of prac- 
tical purposes. It is, for instance, a very good 
antiseptic, and may be used in the treatment of 
cuts, wounds, &c., both as a powder and dissolved 
in cold water. It is particularly good as a bleach- 
ing agent in the textile industry, and in washing 
clothes. As a bleaching agent it is absolutely 
harmless. It may also be used for starching 
clothes. 


FORTHCOMING FAIRS. 


Royal Agricultural Show, Derby, June 28-July 
3. Includes agricultural machinery and forestry. 
London Fair and Market. Royal Agricultural 
Hall, Islington, July 4-15. Apply to Inter- 
national Trade Exhibitions, Ltd,, Broad Street 
House, New Broad Street, London, E.C,2- 


Confectioneis' and Bakers' Exhibition. Royal 
Agricultural Hall, Islington, September 3-9. 
Apply to> 31, Queen Victoria Street, London, 

E. 0.4. 

Shipping, Engineering, and Machinery Exhibi- 
tion. Olympia, September 7-28. Apply to Mr. 

F. W. Bridges, Exhibition Offices, 36-38, White- 
friars Street, London E.C.4. 

Grocers' Exhibition. Royal Agricultural Hall, 
Islington, September 17-23. Apply to 31, 
Queen Victoria Street, London, E.C.4. 

iith^ London Medical Exhibition. Central Hall, 
Westminster, SW.i, October 3-7. Apply to 
British and Colonial Pharmacist ^ 194-200, 
Bishopsgate, London, E.C.2. 

International Shoe and Leather Fair. Royal 
Agricultural Hall, October 3-7. Apply to 
Manager, Shoe and Leather Record^ 40, Fins- 
bury Square, London, E.C.2. 

Fifth International Commercial Motor Exhibition. 
Olympia, London, October 14-22. Apply to 
Exhibition Manager, Society of Motor Manu- 
facturers and Traders, Ltd., 83, Pall Mall, 
London, S.W. i. 

15th International Motor Exhibition. Olympia, 
and White City, London, November 4-12. Apply 
to Exhibition Manger, Society of Motor Manu- 
facturers and Traders, Ltd., 83, Pall Mall, 
London, S.W.i. 

7th Cycle and Motor-Cycle Show. Olympia, Lon- 
don, November 28-December 3, 1921 Apply to 
General Manager, British Cycle and Motor- 
Cycie Manufactures’ and Traders’ Union, Ltd , 
The Towers, Warwick Road, Coventry. 

Lemberg, Poland. An Industrial and Agricul- 
tural F air is being arranged in Lemberg, 
Poland, m September, by the Targi Wschodnie 
(Eastern Fairs & Markets, Ltd.), of Lemberg, 
a society organised to promote trade throughout 
Poland and South Russia. They would like to 
correspond with any companies interested in 
East European trade. Exact dates of Fair will 
be announced later. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting ^ June 9, 1921. 

Prof. C. S. Sherrington, President, in the Chair. 

The following papers were read : — ^ 

‘^Break-shock Reflexes and ‘Su^raynaximaV C on- 
traction-re sfonse of Mammalian Nerve-muscle to 
Single-shock StimidiP By Prof. C. S. SHER- 
RINGTON. 

The maximal twitch-contraction of tibialis anti- 
cus muscle (cat) evoked by a single break-shock 
applied to the cut motor nerve is compared with 
the same muscle’s contraction evoked refiexly 
{spinal preparation) by a single break-shock 
applied to an afferent nerve. The refiex contrac- 
tion is found to exceed the former when the break- 
shock for the former is even considerably weaker 
than that employed for the latter. Evidence is 
given that this is due to the reflex response being 
tetanic in nature. If the break-shock is, how- 
ever, quite strong {*.<?. above the limiting maxi- 
mal value of Forbes aiid Gregg) there is evidence 
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that it excites, even when applied to the motor 
nerve, a response of tetanic quality. The so- 
called ‘^over-maximal twitch” is in reality a res- 
ponse of this kind. Such responses are in this 
paper termed “supra-maximal responses.” 

Probablitiy is shown that a reaction of like kind 
obtains in the afferent nerve when the single-shock 
applied to it is of comparably high value. In 
this latter case there is added to the tetanic re- 
action of the spinal centre a tetanic reaction from 
afferent nerve-fibres themselves. But with weak 
and ^ moderate break-shock stimuli the seat of 
origination of the tetanic character of the reflex 
discharge appears to lie mainly, if not wholly, in 
the centre itself. It is inferred that it arises there 
from a process, a “charge” process which is rela- 
tively long-lasting in comparison with the cycle 
of a nerve-impulse, a process which is more in- 
tense and of longer duration when the afferent 
fibres excited are many than when they are fewer. 

^^Dictyokinesis i 7 t Germ Cells, or the Distribu- 
tion of the Golgi Aftfaratus during Cell Dimsio?i” 
By R. J. Ludford and J. B Gatenby. 

Matuiation mitoses in the germ-cells of Cavia, 
Mus, Helix, Limnaea, and Stenobothrus were ex- 
amined in order to ascertain the fate of the Golgi 
apparatus during cell-division. 

In all cases the Golgi apparatus is found to 
separate or break up into its constituent granules 
or rods, and these are distributed haphazardly to 
the two daughter-cells at mitosis. 

The Golgi apparatus is, in no case examined, 
divided out between the daughter-cells as care- 
fully and equally as are the chromosomes. This 
appears to show that from the point of view of a 
mathematical conception of the hereditary pro- 
cesses, the Golgi apparatus does not share to any 
important extent, if at all, in the transmission of 
factors from cell to cell. 

’‘‘‘The Effect of Red Fatigue on the White Equa- 
tion” By F. W. Edridge-Green, M,D. 

A white equation is formed by means of a mix- 
ture of a red of A6670-6770 A®, a green of A5144— 
5156 A% and a violet of A4250— 4267 A®, matching 
a simple white. 

When the eye is fatigued with light viewed 
through a red glass which transmits from 
to the end of the red end of the spectrum, or with 
pure spectral light in the region of and 

^e equation is again made, the amount of green 
is about half that required for the equation made 
with the ^fatigued eye. 

The white equation and its match cannot be due 
to similar physiological processes, or both would 
change in the same ratio. 

When the fatiguing light is in the region of 
AySo/i/t, no difference is seen betw’een the mixed 
and simple white. 

“A Method for Investigating the Hcemolytic 
Activity of Chpnical Substances” By E. FOOTER. 

1. A technique for the investigation of the 
haemolytic action of chemical substances is des- 
cribed! 

2. The relation between the time taken by a 
given quantity of haemolytic substance and the 
temperature at which it acts is expressed by a 
hyperbola. 

3. Equations are given expressing the rela- 
tion between the constants of such a hyperbola 


and the quantity of haemolytic substance to which 
the hyperbola applies. 

4. Certain general relations which have been 
found to hold for all substances examined in con- 
nection with this research are pointed out. 

$. A comparison between experimental and 
calculated results is given. 

^^The Develofinent of Vegetation in ike English 
Labes, considered in Relation to the General Evo- 
lution of Glacial Labes and Rock Basins” By 
W.' H. Pearsall. 

The data presented show that a very clos.e con- 
nection exists between the flora (and fishes) of 
the English Lakes and the physical and chemical 
conditions of their shores and waters. These 
lakes are of the same age (glacial), of similar 
origin, and lie among rocks possessing relatively 
uniform characters. It is therefore possible to 
attribute the differences they show to variations 
in the rates or errosion and sedimentation of the 
lake basins, due to inequalities in the durability 
of the underlying rocks In distinguishing rocby 
from relatively silted lakes, a contrast is therefore 
made between primitive and more highly evolved 
lakes, and it becomes possible to describe the stages 
in the post-glacial development of a rock basin. 
The conception has particular value biologically, 
since it permits the study of the post-glacial deve- 
lopment of vegetation. The two extreme phases 
here distinguished differ in the following par- 
ticulars : — 

*l^nD3itive. Evolved. 

Per cent of drainage svs- 

tem cultivable 5“”8 i7“45 

Per cent of lake shore 

rocky (to q w.) 73 ”47 27—12 

Per cent of Isoeies and 

Niiella ... 85-74 52-30 

Per cent of J uncus fiuitans 8—5 2—0 

Per cent of Potamogeton 

Naias .. i -3 30-55 

Phyto-plankton Desmids Diatoms 

dominant dominant 

Fish Chiefly Chiefly 

trout. perch and 
pike. 

Evidence is adduced for considering all these 
differences as ultimately dependent upon the 
physical condition of the lakes. 


CHEMICAL NOTICES FROM FOREIGN SOURCES 

Com'ptes Rendus Hebdomadaires des Seances de 
V Academia des Sciences. Vol. clxxii., No. 21. 

‘‘Acrylic Acid and Acrylic Ethers. Halogen 
Derivatives of the propionic Acids and Ethers.”-- 
MM. Charles Moureu Marcel Murat, and Louis 
Tampier. 

"Artificial Colouration of Cr^^stals obtained by 
the Solidification of a Molten Substance, and on 
Crystalline Diffusion.” — M. Paul Gaubert. 

"Contribution to the Study of the Oils obtained 
from Grape Pips.” — M. Emile A*ndr6. 

"Application of the Law of Mass Action on the 
Results obtained in the Reaction of ^-galactosidase 
on Galactose in Propylic Alcohol Solution.” 

No. 22. 

"Double Catalysis of Vanadic Acid and Oxy- 
genated Water.” — M. V. Auger. 
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Brierley & Kershaw, Limited.— ( 175042 )— Registered 4 th 
June, 1921 . To acquire and carry on the business of Makers of Flat 
and Spiral Spnngs, now carried on at “ Roach Spring and Temple 
Works”, Morton Street, Rochdale Nominal Capital 1 ^ 20.000 in 

20.000 Shares of £1 each* Directors W. H. Brierley, 83 , Southbank 
Road, Southport . (Governing Director). Qualification of Directors ; 

1.000 Shares. Remuneration of Directors To be voted by Company 
in General Meeting 

Franklin & Ryan, Limited —( 175033 )— Registered 3 rd Tune, 
1921 . 50 , Cross Street, Erith, Kent To carry on the business of 
Omnibus, Char-a-banc and Cab Proprietors and Haulage Con- 
tractors Nominal Capital £ 15,000 in 15,000 Shares of £i each. 
Directors* J. G Franklin, 50 , Cross Street, Erith, Kent , C Ryan, 
Herbert House, Oaklands Road, Bexley Heath ; T. N. Cannon, 
Mount Eagle, Bexley Heath Qualification oi Directors 250 Shares 
Remuneration of Directors* To be voted by Company in General 
Meeting. 

Wrench, Limited —( 175098 ) — Registered 7 th June, 1921 . To 
acquire and carry on the business of Wholesale, Retail, Manufac- 
turing and Dispensing Chemists and Druggists, Nominal Capital 
£ 1,000 in 500 Preference Shares and 500 Ordinary Shares of £i each. 
Directors: C. H Osmond. Qualification ot Directors* £100 
Remuneration of Directors : To be voted by Company Subscribers * 
F. W. Wrench, 12 a, Carlton Road, Bournemouth , Robina S 
Osmond, 15 , Florence Road, Boscombe. 

Kemco, Limited,— ( 175134 )— Registered 9 th June, 1921 . 36 , 

Trinity Street, Huddersfield. To carry on the business ot Pharmacy 
and Drug Store Proprietors. Nominal Capital £ 1,000 in 1,000 
Shares of £i each Directors. H. Dean, Parkston Grove, Honley, 
Huddersfield ; S. Kenworthy, 157 , Trinity Street, Huddersfield. 
Qualtfication of Directors* i Share 

W WiNDLE & Co., Limited.— (175146)— Registered 9 th June, 
1921. 452, Edgware Road, W.2. To carry on the business of 

Chemists and Druggists Nominal Capital £500 in 500 Shares of 
£i each. D, rectors : To be appointed by Subscribers Qualification 
of Directors. 1 Share Remuneration of Directors: To be voted 
by Company in General Meeting. Subscribers. G W. Knight, 
4*?2, Edgware Road, W a. ; Mabel R. Knight, 452, Edgware Road, 
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WETCARBONIZING, LIMITED. 

{In Liquidation). 

'T'HE Liquidator ofisrs for immediate sale the 

undermentioned materw. All enquiries to H W. Wadsworth, 
Esq., Ironhurst Peat Factory Ruthwell, Dumfriesshire 
Terms: Cash with order. Apparatus post free 

Thennometers in wooden cases. O-IKT'C. ) 

0 . 22 CfC. 1 2/6 each. 

0- 50'‘C. ) * 

1 Mercury Reservoir, 6 (K) ccs, 2s. 1 -sc. No 1 Blow pipe with taps, 
petrol gas, i 6 s. Two packets Filter Papers, 11cm, No. 50, 6 /- the lot, 

1 Set Analytical Weights with Certificate, 0 001 to 60 grams (gold 
fractions) ig3 the set 

1 Pipette ^ cc- bulb, 1/- Two Tubulated Bottles, 10 litres each, 
£2 lot. 

6 only W.M. stoppered bottles, 3(X) ccs. and 1-350 ccs. 9/- the lot. 

1 160-volt 1 K.W. Immersion Heater with one plate only, 30/- lot. 

Three G.M. Sieves, 200, 150 and 120 mesh respectively, £5 the lot 

1 Box (25) Soxhlet Extraction Thimbles. 25 by 100 mm., 10/- lot 
4 Resistance Nets, 5iQ ohms , 2/6 lot. One Liebig’s Condenser, No 
2228, 2 / 6 . 

Two Flex. Metallic Tubes, each 6 ft. long, 2/6 lot. 7 W.M. Flat 
stoppered Bottles, 300 ccs. 7/6 lot. 14 Specimen Tubes, 6 in by fin. 
corked, 2/- lot. Distillation Flasks, with side Tubes— 5 ofl 50 ccs., 
2 off 100 CCS. and 6-250 CCS. Squat Spout Beakers— 10 off 50 ccs., 
1-100 CCS. and 3-300 ccs. and 1 500 ccs , 3/- lot. 12ft |in. bore I.R 
Tubing and 4 |rft. ^^in. bore pressure tubing, 5/- lot. 

One set Fractional Weights 0*5 gnns. to 0 01 gnus., 15/- lot. 53 
Test Tubes, 6 in. by fin., 7/6 lot. 

The Liquidator also offers about 300 Bottles, Jars, Boxes, etc., 
containing Chemicals , Organic, Inorganic, Reagents, Indicators, 
etc., being the coinplete stock of a research laboratory. A list will 
be sent on application. Lump sura price wanted for the lot. This 
price to include bottles, etc., containing the material. Buyer must 
either make himself responsible for packing and despatching or the 
offer must be substantial enough to pennit of the Liquidator 
employmg a skilled Chemist for packing and despatching. 


"The owners of British Patent No. 155,627 

“EXPLOSIVES” 

desire to dispose of the Patent or to enter into working arrange- 
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from 
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59, Lincoln’s Inn Fields, London, W.C.2. 
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Arsenite ai^ arsenate, seperation 
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Back, S. and T. F. Harvey. {See 
Harvey, T. F.l 

Baker, J. L. and H, F. E. HuUon, 
lodimetric determination of 
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' Beach, F. F., T. E. Needs and 
Edvsard Russell, composition 
erf egg powder, 274 
Beniwl alcohol for toothache, 92 
BioghaiQ, Kathte^ E. and J* 
Haitfhton. {Sec Haughton, 
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Braley, S A. and F. B. Hobart, ] 
new method for the detection | 
and estimation of cobalt, 243 
Brazil, high-level diamond de- 
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Bnggs, H., adsorption of gas by 
charcoal, silica and other 
substances, 214 
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Russia 9 

Engineering Standards Asso- 
ciation, lOT 

Engineers' Association, 250 
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and O’Neal Mason. {See 
Evennan, I.) 

Browning, Glen, and William A. 

Moore. (See Moore, W. A.) 
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Burstall, Prof., possibilities of 
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ductivity of, due to changes 
of temperature, 75 
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the use of the Pirani pressure 
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by the activated sludge pro- 
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patent medicines in India, 
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Russ, S.) 
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for oxalic acid, 33 
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umes of, 62, 76 
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Poland, development of, 33 
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reactions accompanied by 
pressure, recording by 
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molytic activity of, 298 
Chemicals, manufacture of fine, 
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Chloroform solutions of hydro- 
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netic declination changes at 
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Parsons. (See Parsons, 
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catalytic activity of, 248 
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Corrosion of fireclay refractory 
materials by glass-making 
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determination of the 
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obtained on the solidification of 
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Crystalline medium, vibrations 
of, 178 

solids, influence of physical 
conditions on the velocity of 
decomposition of certain, 
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Currents, Ocean, dissipation of 
energy in permanent, 165 
Thermm transpiration, experi- 
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Cume, John, rate of change of 
glass composition in a tank 
furnace following a change 
in the batch composition, 67 

Curtman, L J. and N. H. Hecht. 
method for the rough esti- 
mation of iron and manganese 
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analysis, 254 

Cyanamide and dicyanamide in 
calcic cyanamide, 35 

Cyanogen, viscosity and mole- 
cular dimensions of gaseous, 
248 
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bromine, 23 
Darke, W. F , J. W. McBain and 
C. S. Salmon, the ultra- 
microscopic structure of 
soaps, 93 

Datta, S., spectra of the alkaline 
earth ^fluondes and their 
relation to each other, 258 
vacuum arc spectra of sodium 
and potassium, 165 
D’Albe, E. E. Fournier, latest 
form of the optophone, 235 
De Grammont, A., spectrum 
analysis. 58 

some technical applications of 
spectroscopy during the war, 
136 

De Mallemant, M. R., variation 
in the rotary power of 
tartaric acid, 202 
De Morms, Luiz Flores, and 
T. H. Lee. (See Lee, T. H.) 
DeRetz, M., Alsace potash mines, 
95 

De Vries, O., properties of 
rubber, 191 
Dehydration, catalytic, of amylic 
alcohol of fermentation, 69 
Dehydrogenation, catalytic, of 
alcohols, 366 
Deniges, M., estimation of phos- 
phates and aneniates, 11 
Dennison, D. M.,cystal structure 
of ice, 54 

Desch, Cecil M., physical 
chemistry of basic slags, 102 
Diamond cutting school in South 
Africa, 142 

deposits of Brazil, high-level, 
38 

ferrazite, a new associate of, 54 
ovexgrowths on, 147, 160, 170 
Diamonds. 9 

Diamondiferons deposits of 
South and South-West Africa, 
alluvial, 100, 113 
Diaphragms capable of contin- 
uous tuning, design of, 46 
Dicyanamide and cyanamide in 
calcic cyanamide, 35 
Diffusion, co-efficient of, of 
certain saturated solutions, 
260 

thermal, experiments, 

Digitalis leaves, 162 
Disc, vibrations of a spinning, 
224 

Disinfectants, tenders for, 286 


Distillation, fractional, with 
contact ring still-heads, 229 
Dodd, F. Robertson, estimation 
of woody fibre in cattle foods, 
274 

Dolomites, composition, 109 
Dowse, G. and E. Meigh, auto- 
matic glass feeding devices, 
218 

Dupree, Sir William, £20,000 for 
mdustnal harmony, 22 
Dye-stuffs (Import Regulation) 
Act, 1920, 81, 142 


jg^ARTH, cooling of, geologica 
effects, 259 

crust of, superior limit to age 
of, 150 

surface of, transmission of 
electnc waves around, 117 
Echinus miliaris, reversal of 
asymmetry m the plutei of, 

Economy, people’s union for, 22 
Eddington, A. S., a generalisation 
of Weyl's theory of the 
electro-magnetic and gravita- 
tional fields, 149 

Edminster, Floyd H.and Hermon 
C. Cooper, chemistry and 
crystallography of some ^ 
fluorides of cobalt, nickd, 
manganese and copper, SS7, 
43,52 

Edridge-Green, F, W., effects of 
red fatigue on the white 
equation, 298 

Egg powder, composition, 274 
Egypt* tenders invited for general 
stores, 262 

Einstein's lecture, postponement, 
262 

theory of gravitation, field of 
an electron on, 92 
Eldrm, a new plant constituent, 
138 

Electric oscillations along 
straight lines and solenoids, 
284 

oscillations, vacuum tubes used 
as detectors of, 259 

resistance, asbolute measure- 
ments of, 106 

resistivity of dilute metalhc 
solutions, 21 

waves, transmission around 
the earth’s surface, 117 
Electneity and matter, constitu- 
tion, 37, 146 

Electro-crystalline properties as 
conditioned by atomic 
lattices, 149 

Electro-magnetic and gravita- 
tional fields. Weyl’s theory 
of, 149 

Electrolysis and electro-synthesis 
193 

Electron, field of, on Einstein’s 
theory of gravitation, 92 
Elements, spiral classification of, 
121 

Ellis, C. D., magnetic spectrum 
of the ^-ray5 excited by the 
y-rays, 258 

Enamels, lacquers, varnishes, 286 
Energy, dissipation in permanent 
ocean currents, 166 

involved in the electric change 
in muscle and nerve, 223 
Enzymes of B. coli communis, 
127 

Eotvos, Baron R,, gravity torsion 
balance, 235 

Ethers, acrylic, and acrylic acid, 
298 

Ethylene, experiments on cataly- 
tic reduction to ethane, 248 
Ethylmagnesium bromide, action 
on dibenzylidene-cyclohexa- 
none and y-methyl-cyclohexa- 
none, 299 

Etna, augite from, 77, 90 
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anthocyanins and antho- 
cyanidiDS, 127 

Evennan, Irene, O’Neal Mason 
and Glenn Browning, com- 1 
position of dolomites, 109 
Evers, Norman, calorimetric 
method of determining 
hydrogen-ion concentration, 
274 

Ewmg, Sir Alfred, atomic process 
in ferro-magnetic induction, 
258 

Exhibition, Canadian National, 
190 

Daily Mail Efficiency, 70 
International Agricultural and 
Industrial, 287 
Printing Trades, 216 
Exhibitions, forthcoming, 297 
Exports by air in 1920, 131 


Frederikstad Elektrokemiske 1 
Fabriker, new process for 
the manufacture of sodium 1 
perborate, 297 
French glass industry, 155 
•Frequencies, method of 
measurmg, 236 

Fritch and Salisbury, Messrs, 
“Introduction to the Struc- 
ture and Reproduction of 
Plants” (review), 10 
Froidevant and Vandenberghe, 
Messrs. Analysis of am- 
moniacal mtrogen m fer- 
tilisers, 95 * 

Fuel economy and national 
prosperity, 245 

oil heaters for linotype mac- 
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261 

Furfural camphor and some of 
its derivatives, 299 


rpARADAY Society, 20, 117, 
200,299 

Annual General Meeting, 21 

General discussion on the 
failure of metals under inter- 
nal or prolonged stress, 105 
Fats and fatty acids, method and 
apparatus for routine deter- 
mination of melting-points of, 
130 

Ferguson, Allan, capillarity, 117 
Ferrai^ite, a new associate of the 
diamond, 54 

Ferric sulphate, manufacture of 
impure, simultaneous utilsa- 
tion of pyrites cinders and 
bisulphates for, 8 
Ferro-magnetic induction, atomic 
process In, 268 

Fertiliser expeonznents, critical 
study of, 137 

Fertilisers, ammoniacal nitrogen 
in, analysis, 95 

Nitrogenous, new method for 
manufacture, 8 

Fertilizing action of sulphur, 131, 
142 

Fielding, William R., Polymerisa- 
tion in the solid state, 13 

P^^merisation amongst liquids 

Findlay, Alexander, and Vernon 
Harcourt Williams, notes on 
electrolytic reduction of glu- 
cose, 145 

Finsbury Technical College, 239, 
263 

Fireclay refractory materials, i 
corrosion by glassmaking 
materials, 166 

Fireclays, British, shrinkage, i 
porosity and density after) 
firing at 1500® C, 273 
Firt^ Edith N. and W. E. S. 
Turner, shrinkage, porosity 
and density of British fire- 
clays after firing at 1600® C, 
273 

Fishes, fiat, asymmetry, meta- 
morphoses and origin of, 224 
Flint implement from Selsey Bill, 
a remarkable, 128 
Florentin and Kling, Messrs. 
(Set Kling) 

Flour and Hydrogen peroxide, 
34 

Fluid motion, stability of, 117 
Fluorides, alkaline earth, spectra 
of, and their relation to each 
oth^, 258 

of cobalt, nickel, manganese 
and copper, chemist^ and 
crystallography of, 27, 43, 52 
Fluorspar, reflection of the X ray 
^^ctrum of palladium from, 

Focal depth, problem of finite, 
revealed seisometers, 248 
Food values of bracken rhizomes, 

5 

Fowler, R. H. and E. A. Milne. 

(See Milne, E. A.) 

France, Australian gem trade 
with, 261 


^ALACTOSE, reaction of 
^ /S-galactosidase on, in pro- 
pyhc alcohol solution, 
application of the law of 
mass action on the results 
obtained, 298 

Galhum, further studies con- 
cerning, 173, 181, 197, 238 
Gallium ferrocyanide, use in 
analysis, 104 

Galvanometer records, method 
of analysing, ^5 
Gardiner, J. H., new departure 
in the glass industry, 1 
Gardner, H. C. T., spectrometric 
examination of certain fixed 
oils as a means of identifica- 
tion, 274 

Garner, W. E. and C. L. 
Abemethy, heats of combus- 
tion and formation of nitro- 
compounds, 165 

Gas, adsorption by charcoal, 
silica and other substances, 
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mantle industry » British, 125 
Gases, micro-analysis by use of 
the Pirani gauge, 285 
Gatenby, J. B. and R. J. Ludford 
{See Ludford, R. J.) 

Gauhert, Paul, artificial coloura- 
tion of crystals obtained on 
the solidification of a molten 
substance, 298 

Germ cells, dictyokinesis in, or 
the distribution of the Golgi 
apparatus during cell division 


Germann, Albert F. O., devitrifi- 
cation of glass, a surface 
phenomenon, 124 
Geni^y,industrialand economic 
situation in, 94 

Gilmour, Geoige Van B., detec- 
tion of adulteration in butter 
by means of the melting-point 
ot the insoluble volatile acids, 
130 


Glass bottle, action on ink, 130 
clouding of, 166 
composition, rate of chaise in 
a tank furnace following a 
change in the batch composi- 
tion, 57 

devitrification of, a surface 
phenomenon, 124 
effect of the rays from radium, 
X-rays and ultra-violet light 
on , ^4 

feeding devices, automatic, 218 
indasticy, French, 155 
industry, importance of quan- 
titative investigatioins in 
dealing with tcclmica! pro- 
blems m, 217 

industry, new departure in, 1 
making materials, corrosion of 
fireclay refiractory materials 
by, 166 

Glucose, ^ectrcfiytic rednoticm 
of, 145 


Glycerin substitute, glycol as, 
239 

Glycol as a glycerin substitute, 
239 

Goldsbrough, G. R., influence of 
satellites upon the form of 
Saturn’s ring, 259 

Gravitation, field of an electron 
on Einstein’s theory of, 92 

Great Britain, mineral resources 
of, 83 

Grey, E. C. and E. G. Young, 
enzymes of B. coli commums, 
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Greenwood, George, estimation 
of phosphorus m phosphor 
bronze, 225 

Griffiths, A. and Constance H. 
Griffiths, viscosity of water 
and low rates of shear, 236 
Constance H. and A. Griffiths. 

(See Griffiths, A.) 

E. A., liquid oxygen vaporiser, 
248 

Guanol, researches on the action 
of, 143 

Guild, J , , refractometry of prisms, 
129 

Guilliermond, Alexandre, “The 
Yeasts ” (review), 10 
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ing electron (C) ?, 8 
Hadfield, Sir Robert, K. Onnes 
and H. R. Woltjcr. (See 
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Hadfield, Sir Robert, S. R. 
Williams and I, S. Bowen, 
magnetic mechanical analysis 
of manganese steel, 46 
Haemolytic activity ot chemical 
substances, investigating, 298 
Hall, A. J. and A. E Everest. 

{See Everest, A. E.) 
Hallimond, A, F., the olivine 
group, 66 

Harrison, W. and F. S. Sinnaft. 
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Harrogate mineral waters, com- 
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Hartree, W. and A- V. HUI, 
method of analysing galvano- 
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Hartshorn, Mr.andE.S. Keeping, 
notes on vacuum tubes us^ 
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oscillations, • 

Harvey, T. F. and S. Back, esti- 
mation of strycnnine in scale 
preparations containing qui- 
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alkaloids, 188 

Haughton, J, L. and Kathleen E, 
Bingham, constitution of the 
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and zinc containing hi^ 
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Havelock, T* H., stability of fluid 
motion, 117 

Head, Henry, release of functioa 
in the nervous system, 234 
Health week in 1921, 159 
Hebrew University at Jerusalem, 
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Hecht, N. H and L. J. Curtman. 

(See Curtman, L. J.) 
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Hendrick, James, bracken rhi- 
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magnetic susceptibility ci 
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Hilton, H., vibrations of a 
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Hmshelwood, C. N. and E. J. 
Bowen, influence of physical 
conditions on the velocity of 
decomposition of certain 
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(See Braley, S. A.) 

Hodkin, F. W. and W. E. S 
Turner, relative advantages 
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Howes, Horace L., luminescence 
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(See Baker, J. L.) 

Humphrey, R. H., note on the 
hot wire inclinometer, 127 
Hutin, M., simultaneous utilisa- 
tion of pyrites cinders and 
bisulphates for manufacture 
of impure ferric sulphate, 8 
Hydration, catalytic, of nitriles, 
142 

Hydrazine, estimation of hypoch- 
lorites and chlorates by, 268 
Hydrazines, preparation of some, 
40 

Hydrides, metallic, and the action 
of hydrogen on the metals, 241 
Hydrogen, action on the metals, 
241 

chloride, chloroform solutions 
of, 62 

ion concentration, apparatus 
for determining, 327 
ion concentration, calorimetric 
method of determining, 2f74 
peroxide and flour, 34 
Hypochlorites and chlorates, 
estimation by hydrazine, 288 


on thermal diffusion, 225 
Ice and water, 249 
and water, colour and mole- 
cular formula of, 905 
crystal structure of, 64 
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India, demand for piatent 
medicines in, 246 
Indicator, a new, 4 
Induction, ferro-magnetic, atomic 
process in, 258 

Ind^trial harmony, £20,(XX) for, 

league, labour and disillusion- 
ment, 253 

Ink, acidity of, and action of 
bottle glass on, 130 
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nologists, 156 

Inti^rals, transformation of, 117 
Interference methods, recent 
applications of, 179 
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manganese, Influence of low 
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properties of, 213, 235 
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systematic quaHt^ive analy- 
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Jakubowicz, W. and M. Burstyn 
{Sec Burstyn, M ) 

Japan, augite from Nishigatake, 
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reactions accompanied by 
pressure, by photography, 276 
Joly, J., quantum theory of colour 
vision, 223 


TZAS, Nemec and Varchav, ac- 
tion of selenium on moulds, 
22 

Kaye, G. W. C. and T. H. Laby, 
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associate of the diamond, 54 
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229 

Lewis, William C. McM., 
“System of Physical Chem- 
istry " (review), 10 I 

Light, absorption by electrically ’ 
luminescent mercury vapour, j 
214 I 
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extreme ultra-violet spectrum 
of, 201 

Nicolas, M., fertilizing action of 
sulphur, 131 

Nitre cake, methods of complete 
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on the m^netic properties of 
alloys of iron with nickel and 
manganese, 213 
Optical Society, 141, 238 
rotatory dispersion, 284 
Optophone, 2^ 

Orifice flows, effect of viscosity 
on, 236 

Osmotic phenomena, 293 
Ossa, B. Diaz, boras and saltpetre, 
262 

Osides, cuprous, by reduction, 99 
magjnetic susceptibility of cer- 
tain natural and artificial, 128 
Oxley, A. E., a force field disso- 
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the assimilation of carbonic i 
gas by green, 143 
cytolo^of the Statolith appara- 
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of the scientific work of the 
late Lord Raleigh, 2(X) 
Porter, Lyman E. and Philip E. 
Browning, use of gallium 
ferrocyanide in analysis, 104 
Postemak, M. S., constitution of 
the paramolybdates, 81 
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Saha, M. N., a physical theory of 
stellar spectra, 92 
Saline solutions and albuminous 
substances, intertraotion 
between, 68 

solutions, displacement of 
metals in, 26 

Salisbury and Fritch (S« Fritch) 
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Sutton, J. R., overgrowths on 
diamond, 147, 160, 170 
Swain, E. H. F., camphor 
Rowing for Queensland, 239 
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of the atom, 2^ 

Thoraiey, T. and S. H. Blichfeldt. 
(See Blichfeldt, S. H.) 
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I tions along straight lines and 
solenoids, 284 


Travers, Morris W., clouding of 
glass, 166 

importance of quantitative in- 
vestigation in dealing with 
technical problems in the 
glass industry, 217 
Trechmann's tin, indentity with 
stannous sulphide, 57 
Tuberculosis, coal wastage 
increases, 18 

Tucker, W. S,, and E. T. Paris, 
a selective hot-wire micro- 
I phone, 46 


Tumour growth, local and 
generalised action of radium 
and X rays upon, 68 

Turner, Donald, and W. E. S. 
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POLYMERISATION AMONGST LIQUIDS. 

. By WILLIAM R. FIELDING, M.A., M So , Viot. 

Semor Scieoc^ Master at Kmg Edward VII School, Lytham. 
(Concluded from vol. cjckIi, p. 393.) 

Below I have calculated if for a number of 
typical organic compounds. The results for some 
hydrocarbons are given in Table VII. 

Table VII. 

Absolute 


CompouTid 

Temp. 

1 ST. 

^obs 

P 

rcsH,, .. . . 

••• 273 

2-682 

0*512 

5*23 


... 2g8 

2713 

0*527 

5 ‘i 5 

CrHjj 

... 2^ 

2*683 

0*504 

5*32 

CgHift 

. 298 

2* 66 1 

0*505 

5*27 

^8^11} 

’ • 345 

2-767 

0*578 

4*79 

CgHji,, 

... 298 

2^63 8 

0*503 

5*24 

1 CioHaa 

298 

2*631 

0*498 

5*28 


3bo 

275b 

0*590 

4*67 



298 

2*618 

0*501 

5*22 


298 

2‘6p9 

0*500 

5*22 



. . , 298 

2*601 

0*499 

5*21 



... 298 

2*590 

0*497 

5*21 



... 298 

2*586 

0*497 

5*20 

iCjaHj, 

, . 298 

2*579 

0*496 

5*20 

[ 

... 403 

2-688 

ro6o 

2*53 



... 443 

2*732 

1*500 

1*82 

/CeHa (solid) .. 

■ • 223 

— 



5*40 

CeHi (solid) ... 

... 263 

— 

— 

3*82 

CftH* (solid) ... 

... 273 

r- 

-( 

3*14 

3*64 

CftHa (liquid) 

. . 283 

1*7688 

0-4066 

4*35 

Ca.H« (liquid) 

... 293 

1*791 

0423 

4*23 

UeHa (liquid) 

-• 313 ^ 

i%8i9 

0-4233, 

4*29 


323 

i*'838 

0-4502 

4*09 

CeH,, 

367 

... 298 

I *893 
2-497 

D- 48 i 
- 0-506 

3*94 

4*93 

... 

... i8i 

f 



CeKaCH, 

... 248 

1786 

0-380- 

4-69-, 

CgHaCHg * . . 

... 293 

r $97 

0-4^2 

4 -6 o 


..V '358 



S 7 * 



(solid) 

. . i223 — 

— 

5*3 

C,.H. 

(solid) 

... hss — 

— 

4*2 


(solid) 

..]3i8 — 

— 

4*2 

I CigHg 

(solid) 

-1338 — 

— 

4*3 


(liquid) 

• • 356 1-723 

0*396 

4*3 

CloHg 

(liquid) 

... 368 1-733 

Conclitsions, 

0*427 

4 *c 


L The parafiins (^tu rated hydrocarbons) are 
highly but almost equally polymerised near their 
boiling-points y 

2. The unsaturated hydrocarbon, amylene, is 
much less polymerised than the corresponding 
paraffin, although it has two free bonds, which 
would, one would h^ve thought, have given it 
additional associative power. Compare C»H, and 
C.H,, 

3. Benzene and naphthalene follow the phos- 
phorus curve at their melting points. 

4. The introduction of more hydrogen into the 
benzene ring, i.e.^ the saturation of an unsaturated 
compound, still further raises f {c.f, CgH, and 
CsH,,). 

5. The introduction of a side chain, e.g., 
-CH3, hardly affects, but naphthalene is 
slightly more polymerised than benzene. 

6. From the graph it will be seen how much 
more rapidly ^ (for naf^thalene) falls in the solid 
than in the liquid state. 





2 


Polymerisation Amongst Liquids 


The influence of the halogens is shown in 
Table VIII. 

Table VIII. 


Compound 

T 

St 

^obs 

P 

CH, CHCU 

4.243 

0*4557 

0-2293 

1-99 

CHCh 

273 

0-4730 

0-2323 

2*03 

CHCI3 

333 

0-5035 

0*2384 

2*11 

CCI4 

273 

0-3683 

0* 2010 

1*83 

CCI4 

343 

0*3939 

o* 203 1 

1*94 

C2H, C^H.Xl 

262 

1*395 

0-4276 

3*26 

C^H^Br 

168 

— 

0*195 

— 

CoH^Br 

244 

0-808 

0*205 

3*94 

^ C.H.Br 

2S1 

0-8434 

0* 2 1 64 

3-90 

c;h,i 

243 

0-5606 

0-1567 

3*58 

c:hj 

273 

0*5825 

0*1616 

3*6 o 

C2HJ 

303 

0-6031 

0*1 666 

3*62 

C2HJ 

333 

0-6173 

0-1715 

3*60 

C.H4CL 

273 

0*9168 

0-2922 

3*14 

C^H^CU 

303 

0-9833 

0-3054 

3*22 

C2H4CI2 

333 

0*9711 

0-3186 

3*05 

CoH4Br2 

293 

0*495 

0-174 

2-84 

C.H4 CXI4 

243 

0*394 

0-1925 

2*04 

CXI4 

273 

0*410 

0-198 

2-07 

C2CI4 

373 

0*445 

0-228 

1*95 

C3CI4 

413 

0*454 

0-243 

1-87 

CeH. C4H3CI 

308 

1-2585 

0-3252 

3*87 


Conclusions. 


1. The introduction of a halogen either into a 
saturated, unsaturated, or ring compound has the 
effect of reducing and the more complete the 
substitution of hydrogen the lower does i become 
(compare C«He and C«H,C1; CaHsBrand C2H4Br2). 

2. In some cases there is a rise in the value of 
p with temperature, e.g., CHCI3 and CCI4 (com- 
pare HsO). 

3. The polymerisation curves for CgHgl, 
CsHjBr, and CaH^CU are practically horizontal. 
It almost looks as if the specific heat of CaHsCl 
was inaccurate, as the polymerisation curve for 
this compoimd should be above, and not below, 
that of the corresponding bromine compound. 
Compare the results for CaH^Cla and CaH^Bra. 
See Fig s. 


F/GS. 



The results 

for the 

alcohols 

are given in 

Table IX. 

Table 

T 

IX. 

St 

®obs 

P 

HOH 

*• 273 

— 

— 

1-88 

CH,.OH 

... 280 

2*1515 

0-5901 

3-64 

CH„OH 

... 306 

2*215 

0-645 

3'43 

C,H,.OH ... 

... 182 

— 

0-457 

___ 

C,H,.OH 

••• 253 

2*154 

0-5053 

4*26 

CaH^.OH 

313 

2*342 

0-6479 

3’6i 


••• 353 

2*384 

0-7694 

3*09 

C.H.OH 

... 269 

2*256 

0-5186 

4*35 
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C,H,OH 

•• 293 

2-328 

0*570 

4-02 

w C4H,0H 

... 340 

2*456 

0-689 

3‘56 

iso C4H9OH 

. . 206 


0-508 

— 

iso C^HgOH 

. . 283 

2*347 

0-5022 

4-67 

iso C4H9OH 

• •• 313 

2-392 

0-6482 

3-69 

iso C4H9OH 

.. 358 

2-481 

0-8413 

2-95 

amyl C,H„OH 

224 

2*224 

0*455 

4-88 

amyl C,H„OH 

263 

2-290 

0-482 

475 

amyl CsHnOH 

348 

2*482 

o-6q5 

3'57 

iso CsHjiOH 

. . 270 

2*315 

0-4985 

4-64 

iso CsHuOH 

310 

2-41 1 

0*600 

4*02 

C.H.OH 

... 293 

1*610 

0-561 

2*86 

C^H.OH 

.. 367 

1-700 

0*561 

3*02 

C4H,.CH,0H 

... 380 

1-842 

0*558 

3*03 

CH9OH 

... 295 

1-884 

0-565 

3*33 

(:h»oh 

CH.OH 

CO 

0 

1-898 

0-501 

3*21 

ilioH 

CH,OH 

. . -306 

1*705 

0-576 

3*12 

CAv. . ... 

c.h/ ., . . 

. 182 

223 

2-215 

0-514 

0*517 

4*28 


271 

2-305 

0*523 

4*40 


303 

2-383 

0*547 

4*35 


Conclusions. 


1. On substituting an organic radicle for one 
of the hydrogen atoms in water, p is considerably 
increased. 

2. On graphing p against absolute temperatures 
it will be seen that the cuives of methyl, ethyl, 
propyl, butyl, and amyl alcohols are almost 
parallel to each other, especially in their latter 
portions, so that at any temperature common to 
all curves the increment in the value of f due to 
= CH2 is maintained.^ As we mount the series, 
the more polymerised is the alcohol at the melting- 
point; but at their boiling-points the values of 
f are all approximately equal to 3-f, compared 
with p-2 for water, and 3^=4+ for ether Thus, 


\0 204 

h/ 


C,H.. 


H>“ 


c,h/ 


0 


3*09 

4*35 


3, The curves for zj<?-alcohols are below those 
for normal alcohols, but at the boiling-point the\ 
are ver^^ much alike (see Fig. 6). 



(In Fig. 6 “ Isopropyl” should read ” Iso butyl.”) 
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4 The effect of substituting a second organic 
radicle in the water molecule (e,g.j to form an 
ether) still further accentuates the above changes. 

5. The effect of introducing the hydroxyl 

group into the benzene ring or the side chain of 
an aromatic compound is to reduce ^ (compare 
with Nos. I and 4). . ^ 

6. Glycol and glycerin are not so highly asso- 
ciated at the boiling-point as methyl alcohol, the 
first of the monohydric alcohols; neither are they 
so highly polymerised as the hydrocarbons from 
which derived. 

CH,.H CH^.CHa 

CH3. OH CHaOH. CH3OH 

CH,.CH, .CH, 
CH,OH.CHOH.CH,OH 
T 306 308 306 

f 3-43 3*21 3‘I2 

The results for a few fatty acids are given in 
Table X. 

Table X. 


Absol. 

Temp. 

St 

Sobs 

P 

rHXOOH (solid) 

273 

1*025 

0*430 

2*38 

H.COOH (liquid) 

310 

1*286 

0*552 

2*46 

^H.COOH (liquid) 

330 

1*309 

0*515 

2*54 

(CH3COOH (solid) 

277 

1*258 

0*627 

2*00 

CH3.COOH (liquid) 

308 

1*572 

0*51 18 

3-07 

CH3.COOH (liquid) 

323 

1*591 

0*537 

2*96 

IQH3.COOH 

343 

I *808 

0*536 

3*37 

IC2H,.C00H 

35 1 

l*8n 

0*560 

3*23 

C3H, COOH 

333 

1*916 

0*526 

3*64 


Conclusions. 

1. Formic and acetic acids, and probably the 
other members of the series, too, follow the phos- 
phorus curve on melting. 

2. As we ascend the series there is a rise in the 
value of f, coinciding with an increase in the per- 
centage of carbon (the most important polymeris- 
ing element present) from 26 per cent in formic 
to 54 per cent in butyric acid. 

3. For the acids included in this table, f is 
less than for the corresponding hydrocarbons from 
which they are derived, which contain much more 
carbon. 

A few nitriles are dealt with in Table XL 
Table XL 



T 

St 

Sobs 

P 

CH,CN 

... 321 

1*746 

0-541 

3*22 

C.H^CN 

“• 330 

I *880 

0*538 

3‘50 

C^HXN 

... 340 

2* II I 

0*547 

3*86 

C3H11CN 

-- 359 

2*264 

0*542 

4*17 


Conclusions. 


1. The nitriles are slightly more polymerised 
than the acids they yield on hydrolysis. 

2. As the percentage of carbon rises from 58*8 
(CHs CN) to 74*2 (CsHii.CN), ^ changes from 


3*22 to 4*17. ^ 

Other well-known compounds are included in 


Tables XII.— XV. 

CH,v 

> CO 

CH,/ 

Table XII. 

243 1*887 

0*4825 

3 ' 9 i 


273 

1*955 

0*5064 

3*86 


293 

2*003 

0*528 

3*79 


303 

2*024 

0*5302 

3*81 

C,H,.CO.CH, 

333 

2*075 

0*5540 

3*75 

383 

1758 

0*474 

3*71 


CeH, CO.CeH, 


„ (solid) 234 

1*214 

0* 2300 

5*28 

„ (solid) 295 

1*257 

0*305 1 

4* 12 

,, (liquid 205 

1*532 

0*3825 

4*00 

The effect of nitration is shown 

in Table XIIL 


Table XIII. 



fC.He (solid) ... 

273 

— 

— 

3*64 

ICgHe (liquid) ... 

283 

— 

— 

4*35 

iCaHg (liquid) ... 

367 

— 

— 

3*94 

ICsHa.NO, 

280 

1*305 

0*3524 

3*70 


293 

1*323 

0*358 

3*69 


366 

1*400 

0*402 

3*48 

/CioHg (solid) 

318 

— 

— 

4*13 

CioHa (liquid) ... 

356 

1*723 

0*396 

4*35 

J CioHg (liquid) ... 

368 

r -733 

0*427 

4*06 

CxoH,.N 02 (solid) 

3^6 

I* 120 

0*274 

4*09 

CioHy.NOa (liquid) 

331 

1*392 

0*360 

3 •'87 

'^CioHy.NOa (liquid) 367 

1*424 

0*390 

3-65 


Table XIV. 



NH, (solid) 

85 

— 

— 

3-72 

NHj (liquid) 

273 

— 

— 

3-05 

C.H..NH. 

283 

1*730 

0*497 

3-48 


366 

1*846 

0*538 

3‘43 

(C.H.),.NH 

326 

1*698 

0 464 

3-66 


339 

1*714 

0*482 

3-56 

C.H. 

283 

— 

— 

4-35 


313 

— 

— 

4-29 


367 

— 

— 

3-94 

There is a gradual gradation in the degree of 


polymerisation as we pass from CeH# to NH*. 
The results for CS, are given in Table XV. 


Table XV. 

T St S bs t 

CO3 (solid) ... 140 — 2*82 

CSa (liquid) ... 177 — 

243 0*432 0*2303 1*88 

273 0*449 0*238 1*88 

303 0*464 0*240 i;g3 


In Table XVL I have compared my results with 
those obtained by other investigators. The fol- 
loAving is the key to the Table : — 

R,S,= Ramsay and Shield's original surface ten- 
sion method. 

R-R.I. = Ro&e-Innes' modification of the R.S. 
method. 

B=Batschinski's ditto. 

F = The present method. 

Table XVL 


Compd. 

Temp 

R.S. 

R-R.I. 

B. 

F. 

Water 1 

f 273 

3*8 1 

1*707 

2*82 

1*88 

1 

[ 373 

2*66 

1*405 

1*10 

2*04 

CHaOH 

/?i 83 

— 

2*65 

— 

— 

280 

— 

— 

— 

3*64 


1 2S9 

3*43 

— 

— 

— 


293 

— 

— 

3*43 

— 


306 

— 

— 

— 

3*43 


^ 339 

3*24 

2*17 

— 

— 

C*H.OH ^ 

/ 183 

^ — 

2*03 

— 

— 

253 


— 

— 

4*26 


289 

2*74 

— 

— 

— 


293 

— 

— 

4*43 

— 

1 

313 

— 

— 

— 

3*61 


333 

— 

— 

3 * 6 $ 

— 


351 

2*43 

1*46 

— 

— 


^ 353 

— 

— 

— 

3*09 

C,H,OH 

^ 269 

— 

— 

— 

4*35 


290 

— 

— 

5*03 

— 


293 

— 

— 

— 

4*02 


340 

— 

— 

— . 

3-56 


1 353 



3-15 

— 


r.H,.COOHf 289 
. J 343 
3SI 
V 406 

R |A- 
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C^H^OH / 290 — — 

\ 340 — — 

I 353 — — 

CeH^.OH ( 275-293 1*01 — 

t 293 — — 

CH, COOH / 289 3-62 


I 308 - — 

1 323 — — 

373 “ — 

\ 391 2-9 1*79 


2' 13 3*47 


Here T = T 

Ri 

— . :;=a constant 

R 

T+S 63 

Now = \/Meiticular weight 

37*7 

r T +563 “ 

—Rx average at. wt. 

L 37*7 J 

j T,+ I 36 ] “ 

and I I —RjX average at. wt. 

I 34*6 J 


' FJG^ (To show change m value, of ^ R) 


40 


30 As 


20 \ 4 ^ 


Q3 


SQ 70 SO no fSO 790 230 

TEMP 

Batschinski’s and my results are often in close 1 


agreement, especially for the alcohols and acetic 
acid, 

Af'pendix. 

In the preceding paper nothing has been said 
about changes in the value of R (aggregations) on 
melting, &c,, although changes in -p and have 
been noted. The vapicular ^veights were chosen 
without reference to the melticular weights. 

At the M.P. (solid state) 

Txp-Ks 



R 

(liquid state) 

-i, 

R, 


ps R, ps 


R P^s^ p,s, 


T, + I36 
34*6 

-Xt563 

.37*7 


ps fT,4-i36 


PiS^ 1 X 4-563 


= a constant 


constant 


Substituting the values for water we can find the 
constant and then Rj wfith respect to R at the M.P. 
For water : — 

^5y==r5 

PiSi^2 

T=273 
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fT.4-136 -1 * 

[409 ' 

.T+503 J = 

1836 . 


4-178 


- 273 

k ^ =o‘igi 

water ^ 

Keeping R for ice at 273^ = 69 
Ri for water at 273® = 17-5 
In Table III., Ri for water at 273° was 23*3. 

to get Ri in the liquid state, relative to the 
value in the solid state, multiplj" the values pre- 

17 ' 5 

viousiy obtained for liquid state by or 0*751. 

E.g,j Ri for bromine at 302° was taken as 2, 
.*. if R = 5 for bromine at its M.P., Ri at 
17*5 

30 . = . X ^^.3 = :-5 + 

If R or Ri for any substance came to less than 
the number of atoms in the compound (or one, if 
an element), all values of R and Rj must be 
raised to give these minimum values. The 
changes in the aggregations for water are shown 
in Fig. 7. 


THE PHYSICAL PROPERTIES OF THE 
SOIL IN RELATION TO SURVEY WORK.* 

By G. W. ROBINSON, M.A , Adviser in Agricultural Chemistry 
University College of N. Wales, Bangor. 

Considerable difficulty has been experienced in 
the correlation of plant and soil surveys. This 
may be attributed to a large extent to the defects 
of existing methods of soil classification. In the 
classification of any material, whether soils, 
plants, or animals, the method to be adopted is to 
a large extent arbitrary*. For example, soils may 
be classified on a purely genetic basis, and, from 
the geological point of view, this classification is 
the one naturally to be adopted. From the point 
of view of plant physiolog\% however, a genetic 
classification may be of little use. 

In many regions the genetic classification proves 
quite satisfactory even from the point of view of 
plant physiology, and the properties of a soil may 
be^ closely correlated with the conditions of its 
origin. Geology and climate are the principal 
factors in soil formation. Under conditions such 
as obtain over most of England and Western 
Europe generally, the influence of geology on 
soil is well exemplified. Hall and Russell, in 
their survey of the soils of Kent, Surrey, and 
Sussex, were able to classify soils satisfactorily on 
a geological basis. Under more extreme condi- 
tions of climate as exemplified by the semi-arid 
regions of South-Eastern Europe, and the extreme 
humid regions of our own islands, the influence 
of geology on soil is much less marked. Accord- 
ingly we find the Russian school of soil workers 
classifying soils largely on a climatic basis. 

Working in North Wales, the writer has found 
the correspondence between geology and soil much 
less marked than in England. The rather ex- 
treme humid conditions may account for this to a 
large extent. Other observers have not^ that 
under extreme conditions Of climate, whether of 
temperature or rainfall, the influence of the parent 
rock is reduced to a minimum. The lack of 


* A contribution to a Gen«?aJ Discus^km on “ Pbysico^li&EnicaJ 
Problems relating to ibe ISoil*" beW by The FaraOay Society, on 
Tuesday, May 31st, igai. 
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correlation between geology and soil need nc^, 
however, prevent the investigator from establish- 
ing soil types. The question, of course, anses 
whether soil types always exist or whether in some 
cases soils are unclassifiable. In some districts 
the isolation of soil types is an impossible task. 
Among the glacial soils of certain districts of 
North Wales it is possible to find a continuous 
gradation from sands to clavh without any definite 
grouping. In other areas soil types do undoubt- 
edly exist, and a laige number have already been 
described. , . 

This leads to the question of the criteria used in 
boil classification and the isolation of soil types. 
At present, mechanical anaUsis is the general 
criterion used for the characterisation of pils. In 
tins country the soil is separated into six grades 
of particles, varying from fine gravel to clay. 
There are, however, throughout the world, a ^rge 
number of different conventions as to the limits 
of the size of the different fractions. Uniformity 
is impossible, as each countiy has accumulated 
too many data to effect a cliange. It is thus im- 
possible to compare an English soil with, say, a 
Hungarian or a Swedish soil. Even in the case 
of the clay fraction where the upper diameter 
limit is taken as 0*002 mm., any comparison is 
vitiated by the different methods of separation in 
use. Another drawback to mechanical analysis 
namely, the discontinuity of grouping, has been 
overcome by the elegant apparatus devi^d by 
Sven Od^n, whereby the mechanical analysis of a 
aoil can be expressed as a continuous curve. 

The main defect of mechanical analysis, how- 
ever, as a basis for soil classification, is that it 
only gives information as to the properties of the 
soil by inference. The mechanical analysis will 
tell us little about the properties of the soil be- 
yond what is contained in the practical maiTs 
classification into sands, loams, and clays. Indeed, 
within certain limits, the same information might 
be gleaned by the ordinary* methods of silicate 
analysis. In other words, the information given 
by mechanical analysis only differs in degree from 
that given ^bv chemical analysis. The formula 
of an organic compound describes its constitution, 
but its properties are given by such constants as 
melting-point, boiling-point, and refractive index. 
The mechanical analysis of a soil is analogous to 
the constitutional formula of an organic com- 

^^M^ckanical analysis is of undoubted value from 
the point of view of the genetic classification of 
soils. It enables the investigator to group to- 
gether soils of similar origin. Apart ^ from its 
diagnostic value, it gives certain indications as to 
the actual properties of the soil, but these are only 
imperfect and indirect Attempts have been made 
to correlate cropping fvdth mechanical analyses. 
The correlation is, ei course, complicated by 
climatic and economic ^factors, but even allowing 
for these, the correlation obtained is imperfect, 
and it may be doubted whether the mechanical 
analysis of soil can dq^more than standardise the 
practical man’s, clas^ation of soils into h^vy, 
medium, and light. ' . 

It is profeah^y this defect in mechanical analysis 
which is responsibly for the di»ppointing results 
obtained from soil surveys. Soil survey work has 
been in progress in Ms country for is years or 
more, while ecologic|4 ■ studies have been •carried 
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on for an even longer period. Yet the actual pro- 
gress in. the correlation of plant and soil surveys 
IS almost negligible. 

In North Wales one frequently finds tracts 
where the edaphic conditions as indicated by the 
natural vegetation vary sharply from point to 
point without any apparent change of soil type. 
Differences in the air and water conditions of the 
soil are probably the main factors causing these 
variations, but there is no reliable quantitative 
method of expressing them. The mechanical 
analysis is almost useless, and can only occasiop- 
ally be correlated with the natural vegetation. I 
am speaking, of course, of a province where the 
climatic conditions are somewhat extreme, but the 
same difficulty must^ frequently arise in districts 
of more moderate rainfall. 

In the opinion of the writer, the only remedy for 
this, and the only way to get a fresh impetus for 
the field study of soils is to examine the soil from 
the point of view of its actual properties. To say 
that a soil contains 20 per cent of clay does not 
give a picture of the actual properties of the soil 
except by inference. In fact, certain materials, 
such as kaolin and finely ground slate, give as 
much clay by mechanical analysis as fairly heavy 
soils, although they lack the characteristic pro- 
perty of clays, namely, plasticity. Further, 
among the plastic clays, the amount of clay by 
mechanical analysis cannot be correlated com- 
pletely with the texture. 

Although the original data of mechanical analy- 
sis are quantitative, the deductions from them are 
certainly not quantitative. The most valuable 
data about the soil are those which give direct 
information as to the properties of the soil as 
they affect plant life. In the opinion of the 
writer, the data in question would be given by a 
series of physical constants comparable to those 
which are indispensable to the description of a 
newly-discovered element or compound. 

An example of this method of investigation is 
furnished by Atterberg^s work on the plasticity of 
soils. From the agricultural point of view, in- 
forination as to the working properties of a soil 
is highly desirable, and the figures given by Atter- 
berg’s methods are of direct importance. His 
'‘Plasticity Numberi’ gives the range of water con- 
tent over which a soil is plastic, while the figures 
obtained by him for the cohesiveness of soils 
(festigkeit) give direct information as to the resis- 
tance of the soil to comminution by the ordinary 
operations of tillage. 

Pore space as a physical constant for the soil 
would be of considerable use. Owing to the diffi- 
culties of obtaining a sample of the soil without 
disturbing its field structure, a satisfactory routine 
method for determining this value has not been 
devised. The methods of Kopecky and Trnka are 
instances of attempts to solve the problem. Could 
a satisfactory method be devised, it would be easy 
to determine to what extent it is specific for a 
given soil, and to follow the variations due to 
season and soil treatment. 

Closely connected with pore space is the deter- 
mination of water-holding capacity. Here again, 
some confusion reigns, partly due to the same 
difficulty of obtaining a sample with unaltered 
field structure. A constant to represent the per- 
meability of soil for water and air would be of 
considerable value. Green and Ampt’s methods, 
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if they could be applied to investigation of ^ natural 
soils, would be very suitable. The specific sur- 
face of soils has undoubtedly a physiological sig- 
nificance as a measure of the degree of dispersion. 
The methods of Mitscherlich, Hilgard, and others, 
for the measurement of hygroscopicity are worthy 
of attention, and it ought to be possible to devise 
some rapid routine method applicable to the study 
of soils on an extended scale. The problem has 
also been attacked by measuring dye absorption 
In the opinion of the writer this method is not to 
be recommended, as it is liable to be complicated 
by chemical reactions between the dye used and 
soil constituents. 

There are, of course, other physical properties 
of the soil on which quantitative ideas are needed, 
and it is to be hoped that the recognition of soil 
physics as a branch of investigation at Rothamsted 
will lead to a useful development of the work be- 
gun in this country^ by Warrington. 

Whatever physical measurements may be de- 
vised for the investigation of soils, there are cer- 
tain desiderata if they are to be of use in field 
study. Firstly, they must deal with the soil in 
its natural structure. The soil of the laboratory 
is an artificial product. Results obtained on it 
are apt to be misleading on the chemical side, and 
even more so on the physical side. The methods 
devised should also be capable of being repeated 
in large numbers. The soil is such a compli- 
cated object of study that statistical methods have 
to a large extent to remedy the unreliability of 
single observations. Methods to be devised for 
the physical investigation of the soil may have tu 
sacrifice a little accuracy in order to make it pos- 
sible to multiply observations in large numbers 
for the purposes of statistical treatment. 

If reliable methods could be devised for charac- 
terising the physical properties of soils by a series 
of physical constants, the edaphic classification of 
soils might be placed on a much surer basis than 
at present and correlation with vegetation and 
agricultural conditions might be expected. The 
physical properties of a soil as expressed by such 
a series of coristants would be of importance from 
the point of view both of plant physiology and of 
practical agriculture, since they would give quan 
titative expressions for factors which directly 
affect edaphic and cultural conditions. Supple- 
mented by a few chemical and economic data, the 
agricultural properties of a soil could be com- 
pletely characterised. 

The investigation of the physical properties of 
the soil must in future be one of the most 
promising lines of inquiry. The soils of our 
country do not, as a rule, show any striking defi- 
ciencies in plant food capital and such deficien- 
cies as do occur are easily made good The ulti- 
mate productiyeness of our soils is largely a 
matter of physical properties. With the new im- 
petus given to the physico-chemical study of soils, 
of which this discussion is an evidence, it may be 
expected that the routine methods in use by field 
investigators will be more in the nature of physi- 
cal determinations than of chemical analyses. 


Royal Institution.— The General Meeting of 
the Royal Institution will be held on Monday, 
July 4, ig2i, at 5 o^clock. 
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Rubber Rings 

RUBBER RINGS IN CONNECTION WITH 
TEST-TUBES. 

The placing of a rubber ring around a test-tube 
about I in. from the mouth has many advantages, 
as well as rendering the test-tube less liable to 
breakage in washing, knocking together, &c. 

Having all my test-tube stands in use, and 
wishing to keep several others in a vertical posi- 
tion, the difficulty was soon overcome by driving 
one or two nails or long pins into the edge of a 
shelf and supporting the test-tubes in between the 
nails, as in Fig, i. 



The use of a rubber ring on a test-tube has 
many other advantages, two of wffiich are as 
follows : — 

1. The tube can, if desired, be laid down on 
a bench (assuming, of course, that it is not too 
full) without losing any of the contents (see 
Fig, 2). 

2. The ring permits the test-tube to be held in 
the fingers while very hot, during boiling pro- 
cesses, &c. The tube may also be supported by 
a hole in the shelf. 



Fig 2 

These rings are easily obtainable in all sizes, 
and should be about gin. in thickness. 

W.K,F. 

NEW BRITISH CHEMICAL STANDARD. 

Hematite Iron 

This standard, which is now’ available, has been 
prepared under the auspices of a body of analysts 
in order to meet a long-felt need in settling dis- 
putes as to the amount of phosphorus, sulphur, 
&c., in the purer varieties of hematite iron, as 
explained in a paper in the Proc. Cl€*v. Inst. 
Engineers (Middlesbrough)^ No, 4, Februar5% 
1920. 

The analytical standardisation has been care- 
fully undertaken by a selection of experienced 
chemists representing all the chiefly interested 
parties, viz., one Government laboratory, three 
special hematite iron makers, four s]pecial hema- 
tite users, three independent analysts, and the 
U.S. Bureau of Standards. 

The analysis is as follows : phosphorus 0*025 
per cent; arsenic 0*031 per cent; sulphur 0*031 
per cent; and titanium 0*108 per cent. 

The standard may he obtained either direct from 
Organising Headquarters, 3, Wilson Street, 
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Middlesbrough, or through any of the leading 
laboratory* furnishers at a price just sufficient to 
cover the cost. A certificate, giving the names of 
the analysts co-operating, the types of methods 
used, and a detailed list of their individual 
figures, w’ill be supplied with each bottle. 

RADIUM.* 

Chemical Effects of Radimn Emanation. 

Dr. Lind is conducting a new* series of experi- 
ments on the chemical effects of radium emanation 
in gas reactions. Improved apparatus was in- 
stalled for eliminating hydrogen and oxygen gases 
from the ernanation w'ith additional equipment 
for final purification by liquid air. In a study of 
the combination of hydrogen and oxygen produced 
by a particles, it w*as discovered that the recoil 
atoms also produce chemical action proportionate 
to the ionisation. 

Re deter imnation of the Spectrum of the Radium 
Emanation. — In co-operation with Prof. R. E. 
Nyswander, of Denver University, Dr. Moore and 
Dr. Lind continued the w’ork of redetermining the 
spectrum of radium emanation. A number of 
lines have been successfully photographed and 
measured, and their identiy as part of the spec- 
trum has been established with certainty; some 
of these coincide with the principal lines observed 
by other authorities, and the rest are apparently 
new lines. 

Some w’ork w’as also done in photographing the 
spectral lines of krypton and zenon furnished and 
purified by Dr. Moore. 

Redetermination of Radium-Uranium Ratio . — 
Dr. Lind, of the station, and Prof. L, D. Roberts, 
of the^ Colorado School of Mines, concluded their 
investigation on , the redetermination of the 
radium-uranium ratio, which they found to be 
3*4ox io-’±o*o3. Results w’ere published in June, 
1920, number of the Journal of the American 
Chemical Society. 

Dr. Lind also prepared the third section of a 
series of papers ^ on methods of determining 
radium, published in the Journal of Industnal 
Engineering Chemistry. The paper deals espe- 
cially with improvements in electroscopes in 
recent years, and use of the X-ray electroscope in 
examining radioactive ores and other radioactive 
products. 

Radium, Fractionation. — Dr. Moore and Dr. 
Lind assisted the officials of the Minerals Recovery* 
Co., of Denver, in overcoming difficulties they 
have experienced in radium fractionation. This 
company purchased and is operating the plant for 
treating carnotite ores built by the National 
Radium Institute. 

Luminous Paints — Experimental study of the 
properties of radium luminous paint continued 
throughout the year. Photometers for luminosity 
measurements weVe standardised, and a table pre- 
pared to convert the readings in centimetres into 
microlamberts. 

A method was worked out for the preparation 
of pure zinc sulphide, and a quantity of the pure 
nonluminous salt was obtained. The action of 
radium emanation on the pure salt is being studied 
and this study will be continued on the prepared 
phosphorescent material. 

♦Extracted fro^a the Tenth Annual Report of the Director of the 
Bureau d. Mines, foe year ended Jnne 30, 19^. 
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OX CHEMICAL AFFINITY. 

By A KOREVAAR. 

When w e peruse the chemical literature and 
notice the meaning of the word affinity, it soon 
becomeis clear that two different things are called 
by this name. In the first place, we know the 
classic deiinition of affinity coming from the 
Greek philosophers, and which denotes a force, 
acting between combining aluma In the second 
place, modern chemistn” shows us the thermo- 
dynamical conception of affinity, created by van’t 
Hoff, which defines affinity as the maximum ex- 
ternal A\ork done by the chemical reaction at con- 
stant temperatuie and volume. 

\\'e, therefore, find the chemists using t\^o quite 
different derinitions of chemical affinity. It is to 
be expected that such a state of affairs will cause 
a confusion in our science, and this is really the 
case The different text-books on chemistry de- 
fine affinity quite differently. One maintains the 
classical definition, a second gives the thermo- 
dynamical one, and others mix both definitions up 
in a wonderful way, some even advocating re- 
moving this vague idea from chemical science 
This last would not be right Neither the 
classical nor the thermodynamical conception is 
indefinite; but we must always remember that the 
word affinity denotes two quite different ideas. 
At present this is not generally known. This 
appears clearly from the confusion on this point, 
existing in our text-books, as shown by the follow- 
ing examples : 

Lewis, m his ‘‘A System of Physical Chemistry,” 
1920, li.j 330, gives the definition b>\ vaffit Hoff; 
HoUeman, in his text-book of inorganic chemistry, 
1906, p. 47, the classical conception. Ostwald, in 
his "‘Grundlinien der anorganischen Chemie/’ 
1904, p. 88, discusses the classical conception and 
advises not to use this idea, because he thinks it 
in contradiction with certain phenomena which, 
on p. 104 appear to be the reversible reactions. 

J. W, Mel lor, in his “Modern Inorganic Chemis- 
try,” 1912, p. 94, deals first with the classical con- 
ception, but does not stick to it further on, while 
R, de Forcrand, in his *^Cours de Chimie,” 1919, 
does not speak at ail about affinity, 

Ostvvald^s attitude in his “Der Werdegang emer 
Wissenschaft,” 1908, ib quite remarkable. In this 
book, Chapter VI deals with affinity. In fact, 
in the beginning the author writes about affinity, 
but soon he enters into thermodynamical con- 
siderations without giving an analysis or descrip- 
tion of the idea “affinity,” and the reader gets the 
impression that the author does not know what he 
shall say on this point. 

The cause of ail this is quite clear. The authors 
are not conscious that two different ideas are 
called by the same name “affinity.” 

We^ hope that this short explanation may cause 
the different authors to revise their texts on this 
point, and that they will not only rigidly separate 
the classical from the thermodynamical concep- 
tion; but also that they will call these different 
ideas by different names. The best were perhaps 
to continue to call the classical conception by the 
name “affinity,” and to denote the thermodynami- 
cal one by the maximum extern§.l work of the 
reaction. 

O. Sackur (“Die cbemische Affinitat und ihre 
Messung”. Vieweg, 1908) has contributed to a 


great extent to the existence of the above- 
mentioned confusion. His book on chemical 
affinity is well knoun and justly admired, as it 
gives a clear and simple treatment of the maxi- 
mum external work, and its applications to chem- 
istry. But this author has totally forgotten that 
the ciasbical conception of affinity has still a right 
to exist. Sackur begins in the first chapter ivith 
a histox'ical development of the idea of affinity, 
and we might expect that, in doing this, he w’ould 
have discovered the confusion of ideas in question 
But the author has failed to do so, and therefore 
it IS worth while to trace the historical line once 
more and show how it has been possible that 
chemical science gave birth to tw^o different de- 
finitions of chemical affinity. 

We may say that the conception of affinity a 
force between the smallest particles, or in the 
middle ages, ivhcn the atomic theory was denied 
on the authority of Aristotle, as a force between 
the elements, remained invariably the same till 
the end of the 18th century. It is true that the 
nature ot these forces was differently explained. 
The Greeks had an antropomorphistical concep- 
tion of affinity, and this character w'as preserved 
till the 17th centuri'. The foice, driving different 
substances together, was compared with love be- 
tween tw’o human beings. With the rise of the 
mechanical contemplation of nature in the 17th 
and i8th centuiieb, the ideas on the nature of 
chemical force became more sober. Lemery 
(1675) thought the atoms w'ere provided with little 
hooks for sticking to each other. Neivton classi- 
fied the chemical force under the gravitation of 
the smallest particles; but according to him it was 
not necessary that this force was, as with visible 
masses, inversely proportional to the distance. 
This latter restriction was dropped by Buffon 
(1770), who saw no difference between chemical 
force and gravitation. 

In all of these theories the driving force of a 
reaction was considered acting between the small- 
est particles of the combining substances. The 
difficulties arose when Berthollot proved experi- 
mental Iv that the progress of a reaction not only 
depends on the nature of the reacting substances, 
but also on their quantity, or, as Guidberg and 
Waage proved aftenvards, on their concentration. 
These researches led, in 1864, to the formulation 
of the law of mass action, Guidberg and Waag's 
views are of the greatest importance for our pur- 
pose, and so ive will pay some further attention 
to them 

Guidberg and W aage published their view*s in 
three treatises, ivhich are collected in Astwald's 
Klassiker, No. 104, under the title . “Untersuch- 
ungen uber die Chemischen Affinitaten ” The 
treatises are dated 1864, 1867, and 1879, and we 
are not surpnsed that the ideas of the authors 
have developed in that course of time. In fact, 
rve shall see that their conception of chemical 
affinity has undergone radical changes. Their 
views may" be summed up as folloivs : 

A substance A and a substance B combine, by 
the operation of cohesive forces between the mole- 
cules, to^ a compound AB. When a substance C 
reacts with AB according to the equation 
AB-fiC = AC+B, 

then, AC is principally produced by cohesive 
forces between A and C. But the forces between 
A and B, and perhaps also betw^een B and C, have 
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all eicited their influence on the reaction, so thaf 
the force that finally produces AC is the result of 
the co-operation of different forces. This result- 
ant force h is the coefficient of affinity. According 
to these investigators, the driving force of a re- 
action lb not oiuy proportional to the coefficient of 
affinity, but also to the concentrations of the re- 
acting substances. While foimerly only the affinity 
was considered to be the driving force of a re- 
action, according to the new conception, the 
affinity is only a pan of the driving force. The 
affinity has to he distinctly distinguished from the 
driving force of a reaction^ they are tiuiie different 
things. 

Guidberg and Waage expressed the driving 
force of a reaction by the product of the concen- 
trations of the reacting substances and the ^ co- 
efficient of affinity k. When these concentrations 
are denoted by and then the diiving force = 
k'kq. The authors originally thought that in de- 
termining kj they had found a measuie for the 
affinity, for k was the resultant of the forces, 
acting between the molecules; but on this point 
they changed their views fundamentally. This 
appears form their treatise of 1879, where the idea 
of mobile equilibrium is developed in the follow- 
ing way. 

To explain a reaction according to the equation : 

A-fB=A'-f-B', 

it is insufficient to accept cohesive forces between 
the molecules, but it is also necessary to keep 
account with the motion of the atoms and mole- 
cules. The equilibrium is not a state of repose, 
it is a mobile equilibrium, the reactions in both 
directions going equally fast. The authors give 
a sketch of a kinetical deduction of the law of 
mass action. If f and q are the number of mole- j 
cuies of A and B in the unit of volume, then th,e | 
number of collisions between the molecules A and | 
B IS represented by the product fq* When each 
collision caused a reaction, the reaction velocity 
would be —Q^Qj Q being a velocity coefficient, 
dependent on temperature. Of ^ molecules of A, 
only a part a will be in a condition to cause a re- 
action during a collision. Of q molecules of B, 
a part h is in a similar condition. So that af 
molecules of A will combine with hq moleules of 
B, and the reaction velocity is iQafbq or kfq 
when It is clear that this formulation is 

based on a quite different conception of h. At 
present this constant k is the product of a velocity 
coefficient Q and two constants a and which are 
perhaps best called activfe^ coefficients. For the 
present it is impossible to determine these con- 
stants separately. 

Concerning their views on chemical affinity', we 
conclude from their treatises the following : Guid- 
berg and Waage certainly adopt the classical idea 
of affinity, viz., the affinity being a force acting 
between the molecules. This is clear from their 
former treatise, and appears in the mathematical 
treatment of the problem from the meaning of 
k. Their later considerations about the mobile 
equilibrium do not contradict the classical defini- 
tion of affinit\% but the meaning of k has become 
much more complicated and their conception of 
affinity is not clearly defined. I^^he great import- 
ance of Guidberg and Waage’s work does not lie 
in the sphere of affinity, and their great success is 
due to the formulation of the law of mass action, 
which became the basis of chemical statics and 


dynamics. At present, the names of these investi- 
gators are always connected w ith the law’ of mass 
action, but never wnth chemical affinity, though 
this vras originally the object of their researches 
Though they did not do it themselves, and 
though, as far as w‘e know’, others did not do it 
either, w'e may diaw' fiom Guidberg and \yaage’s 
treatises a conclusion of importance. e have 
learned to make a sharp distinction betiveen 
affinity as a force, acting between the smallest 
particles and the driving force of a reaction. 
This is clearly expressed in their original formula 
Driving ioxc^^^hfq. 

The driving force of a reaction is quite different 
from the affinity. 

Though we are convinced that k is in some way 
connected wnth the affinity, it appears from the 
later treatise of Guidberg and Waage that this 
connection is not a simple one. It is true that 
they succeeded m determining k, but the ydid not 
know the exact meaning of k. This is the reason 
that all determinations of affinity have failed. 

In 1883, van’t Hoff showed that the driving 
force of a reaction can be measured by the maxi- 
mum external work at constant temperature and 
constant volume which is done by the systern in 
passing from the initial state to the equilibrium 
point. This thought has been of the greatest im- 
portance for chemical science, but it was a great 
pity that van^t Hoff called the driving force a 
reaction, affinity (Worlesungen fiber theoretische 
und physikalische Chemie,*’ igoi, i., 171) and in 
consequence, considered the maximum external 
work of a reaction a measure for affinity. ^ 

In the preceding pages we have emphasized the 
difference between the driving force and affinity. 
By calling the driving force, affinity, van^t Hoff 
has made the clear distinction between these tw'O 
different ideas very vague. This was unneces- 
sary. The maximum external work is a sharply 
S defined idea, which does not need any other name, 
and It w’as a pity, for it caused a confusion, 
which, as w^e have seen, remains in our text-books 
up to the present day. 

After this digression we return to Sackur’s his- 
torical treatment of affinity. Sackur did pot 
understand the confusicm of affinity and driving 
force. According to him, the thermodynamical 
conception of affinit>^ has gradually developed 
from the classical one. If this w’ere true, the 
modern formulation would have made the ancient 
one superfluous, for then the modern one, by a 
broader development of the idea, would have 
opened a new insight, given us a new view-point, 
which would have included the old one com- 
pletely. This did not happen, and Sackur writes 
unjustly that van't Hoff succeeded in "^eine gluck- 
licke Definition der Aff^mtatskrafi auf Bust alien., 
die alien hisketigen Erfahrungen Rechnung trdgt 
und gleichnetUg die quantitative Messung in 
mechanischen Massen ermbglicktR 

No, van’t Hoff has mixed up the ideas of driv- 
ing force and affinity ; but, by calling the driving 
force affinity,^ the classical idea of affinity does not 
become superfluous- Th^efore it is not true that 
van^t HofPs affinity, as Sackur says : ^allen 
igen Erfahrtmgen.Rec^wmg trdgt. 

It is better that the ms^imum external work of 
a reaction remains ffite maximum external work. 
Then, it is clear to everybody that the affinity is 
not meant. That is "the question, and' as Sackur 
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did not understand it, bis much-read and other- 
wise excellent book is also responsible for the 
confusion which prevails in this sphere of chemi- 
cal science. — Joiinial of Physical Chemistry^ 
April, 1921. 

PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting j June i6, 1921 

% 

Prof. C. S. Sherrington, President, in the Chair. 

The follomng papers were read : — 

^^Velocity of Sound in Gases at High Temfera- 
inreSj and the Ratio of the Specific HeaisP Bj* 
H. B. Dixon, F.RS., Colin Campbell, D.Sc., 
and A. Par^R, D.Sc. 

^^The Ratio of the Specific Heats of Air and of 
Carbon Dioxide P By J. R. Partington, D.Sc. 

The ratio of the specific heats, y~c-.^lc^, has 
been determined by the method of adiabatic ex- 
pansion for the gases air and carbon dioxide. 
The gas was contained in a i20-htre vessel, and 
the temperature change immediately after expan- 
sion followed by a platinum thermometer, with 
compensating leads of wire 0*001 mm. diameter, 
the resistance of which was observed by an 
Einthoven string galvanometer of o*oi seconds 
period The fundamental temperature measure- 
ments w'ere made ' by a mercur>' therraometer. 
The results were calculated by the characteristic 
equation of D. Berthelot, so that deviations from 
the ideal gaseous state were allowed for. The 
final results, which are believed to be accurate to 
I part in 1000, are: y for air at 17° C. = 1*4034; 
y for carbon dioxide at i7®C. = 1*3022. From these 
numbers the specific heats of the gases were cal- 
culated by Berthelot’s equation, with the following 
results : r-.^for air at 17° C. =0*2387 cal. ; c—p for 
carbon dioxide at 17° €.=0*1996 cal. All the 
values refer to atmospheric pressure. 

^ Light Body^ Hydrophones and the Directional 
Properties of Microphones^ By A, B. WOOD, 
D.Sc., and F. B. Young, D.Sc. 

Prof, W. H. Bragg’s theory of the vibration 
under water of a rigid body of low density has 
been tested. It is found that a light prolate 
ellipsoid actually possesses directional properties 
by virtue of its^ shape. Quantitative results ob- 
tained agree with calculated values supplied by 
Prof. Lamb. 

Owing to the pronounced intrinsic directional 
pioperties of the microphone (when suitably 
mounted), a spherical *^2ight body’^ hydrophone is 
practically equal in directional efficiency to one 
of ellipsoidal form. 

Though ^‘light body*” hydrophones are not so 
sensitive as hydrophones of other types, a minia- 
ture spherical one proved of great value as an 
experimental exploring instrument. 

*^Acoustic Disturbances produced by Small 
Bodies in Plane Waves transmitted through 
Water J, with Special Reference to the Single Plate 
Direction Finder P By A. B. WOOD, D.Sc., and 
F. B. Young, D.Sc. 

The experiments were undertaken primarily 
with the object of elucidating the action of the 
'^single plate direction finder” — an instrument de- 
signed for detecting the direction of a source of 
sound submerged in water. 


« Sound distribution was explored round a num- 
ber of discs immersed at a distance from a small 
submerged source of sound. By means of a pair 
of miniature hydrophones — one bi-directional, the 
other non-directional — it was possible to chart (i) 
direction of oscillation of the water particles; 
(2) relative amplitude of the movements; (3) rela- 
tive amplitudes of the pressure oscillations. 

The charts obtained fall broadly into two 
classes, according as the discs are solid or contain 
air-filled cavities, ver^^ minute air-filled spaces 
giving marked effects. Charts are shown of sound 
distribution round both the bi-directional and the 
uni-directional direction finders. 

The behaviour of a typical baffie-plate is in- 
vestigated, No satisfactory theory of the baffie 
can be offered to cover all experimental facts. 

An Appendix deals with the exploration of the 
acoustic field produced on the reservoir by a small 
source of sound. 

^^Some Problems connected with Evaporation 
from large Expanses of WaterP Bv M. A. 
Giblett. 

The water which falls as rain, <&:c., is originally 
evaporated from the earth’s surface, in particular 
from the oceans. It is therefore important to 
ascertain how the evaporated water distributes it- 
self in an atmospheric current during its progress 
across a water-surface, and how the amount of 
water rendered available depends on the length 
of the path over the surface and on meteorological 
conditions. 

These problems are considered for a current of 
air of uniform speed, moving over a water-surface 
of uniform temperature. In the immediate 
vicinity of the surface is a thin layer of air 
through which w’ater-vapour diffuses slowly by 
molecular processes, but above this is a rapid 
transition to a tuibulent regime^ where diffusion 
becomes much more rapid. Account is taken of 
the complex molecular processes at and near the 
water-surface, by means of an empirical evapora- 
tion formula, and the problem is treated as one of 
eddy-diffusion with this as boundary condition. 

Formulae are obtained for humidity at any point 
of the air-current, and for rate of evaporation 
from stretches of water extending any distance 
downwind. Introducing numerical values for the 
constants in the empirical formula, the distribu- 
tion of water-vapour is obtained for some typical 
cases, and an estimate made of the rate of 
evaporation from long stretches of water under 
various conditions of wind, water-surface, tem- 
perature, and turbulence. The formulae are em- 
ployed to examine the nature and magnitude of 
the effect which each of the last-mentioned ele- 
ments may exert, w'hen varied within their natural 
range, and to compare the evaporation under 
different sets of possible conditions. The results 
emphasize, amongst other things, the control 
exercised by atmospheric turbulence over evapora- 
tion from large areas. 

^^The Photographic Efficiency of Heterogeneous 
LighiP By F. C. ToV, M.Sc., A. Inst. P. 

This paper investigates the question of the 
action of heterogeneous light on the photographic 
plate. Tvro possible laws of action are dis- 
cussed : — 

(x) All the different radiations composing the 
heterogeneous beam may act simultaneously but 
independently, Le., each may act as though the 
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Others are not present, 

(2) All radiations may act simultaneously, but 
not independently. 

This question is investigated theoretically, and 
it is shown that the possibility^ of testing it experi- 
mentally depends on the form* of law connecting 
the probability of a single grain of the photo- 
graphic emulsion being made developable with 
the intensity of the exciting light. The form of 
this law, recently proved experimentally by Slade 
and Higson, is considered, and a result is deduced 
which can be directly tested by experiment. From 
the evidence thus obtained it is concluded that 
over the spectral range used in the experiments 
(A4350 to A4000) radiations of different frequencies 
do not act independently in producing the photo- 
graphic effect, but simply as a total amount even 
when a difference in quality exists. 


N0TICES_0F BOOKS. 

Famous Chemists: The Men and Their Work, 
By Sir William Tilden, F.R.S., D.Sc., 
LL.D., Sc.D., Professor Emeritus of Chemis- 
try in the Imperial College of Science and 
Technology. London : George Routledge & 
Sons. New York: E. P. Dutton & Co, 1921. 
Price i2s. 6d. net 

The above work by Sir William Tilden is not a 
history in the usual sense of the word, it is rather 
a series of sketches collected with much apparent 
care of the lives of many men of the past whose 
names and work are familiar enough in the 
scientific world, and well-known to the educated 
public. The work is of peculiar interest, for the 
author has related in a very charming manner 
many details m the lives of those great men of 
whose labours we are reaping the fruit, while he 
has unconsciously added not a little of his own 
personality. As a result, the book has a fascina- 
tion that those who knoiv the author can very 
fully appreciate. 

Sir William, in arranging the material for his 
book has taken for a guiding principle the Evolu- 
tion of the Atomic Theory from the early idea of 
the chemical element, the Laws of Combination, 
Application of the Atomic Doctrine to the ex- 
planation of chemical phenomena, the application 
of the idea of Valency to the constitution and 
structure of the Molecule, and the study of the 
Properties of Atoms. The men whose lives are 
recorded are those who have taken a leading part 
in researches in this domain. 

The material of the work is arranged in ten 
groups, commencing with Robert Boyle as the 
father of chemistry in 1691, through the period 
of the Phlogistians, to Scheele in 1786, and then 
on to the Anti-phlogistic Revolution in 1794, 
where we have the melancholy history of Lavoisier 
told with a pathos that enhances the interest in 
one of the saddest deeds of the French Revolu- 
tion ; the account is so vividly told that in reading 
it one seems to be carried back into the scenes of 
that very dark time. The animosity of Murat 
brought about by the fact that he once attempted 
to make himself prominent in connection with 
physical science and had propounded a "Theory 
of Fire^^ that was condemned by Lavoisier in no 
measured terms — the disgraceful behaviour of the 


chemist Fourcioy — the lodgment in the Port-libre* 
prison — the frantic efforts of his devoted wife to 
obtain his release — the pathetic letter that he wrote 
to her begging her not to exhaust herself in use- 
less efforts, and the last scene, when, having first 
witnessed the end of his friend and father-in-law 
Paulze, he was placed under the axe, constitute 
one of the saddest pages in human histur\. “The 
world has seen many revolutions since that day, 
and other revolutions will arise so long as injustice 
continues to be imposed by the few on the many ” 

The application of Electricity to the service of 
Chemistry is introduced by a clearly-written bio- 
graphy of Sir Humphry' Davy, ivhich is very fully 
illustrated; the Poet-Chemist seems to live again, 
and in reading the account one passes from one 
place to another in the life of this remarkable 
man wuth an interest that makes it difficult to lay 
the book aside; in these days of after- war dark- 
ness, with strikes, labour troubles, murders, and 
the nauseating activity of the divorce courts, it is 
interesting indeed to follow the mind of Davy in 
one of his early poems. 

Is this a time of minstrelsy, 

When Nature rests in deathlike sleep, 

And roots and buds and herbage lie 
Embalmed in cerements deep. 

It is a time of minstrelsy, 

For round these walls what magic forms 
Appear m grace and harmony , 

The pencil ot the artist warms 
The coldest scenes and powers sublime. 

Awakening moral forms of things, 

And new creations steal from Time 
His scythe, and close bus wings. 

It IS a time of minstrelsy. 

For social converse wakes the mind 
To pure and happy sympatlyr ; 

And elegance and taste refined. 

Call to the hospitable board 
The force of reason, and the flow 
Of memory with wisdom stored 
Which might awake a grateful glow 
In Fancy e’en though checked by age. 

Make sunshine m the darkest day, 

And kindle in the coldest sage 
Some strain of vocal minstrelsy 

Many illustrations are given, including the 
humorous sketch of the Theatre of the Royal In- 
titution by Gillray, where Davy, acting as assis- 
tant, is seen administering a dose of some gaseous 
compound to a trustful member of the audience 

The life history closes with a reproduction of 
the tomb of Davy in the cemetery of Geneva. 

I'he life of Faraday falls on to Group VI., 
"Electro-Chemistry,^^ and there is to be found a 
fund of information that fails in interest only by 
the fact that the history has been written so fre- 
quently. 

In the chapters headed "Molecules and Atoms 
Defined’^ are to be found the lives of Avogadro 
and Cannizzaro, followed by Liebig, Dumas, 
Frankland, and Williamson, and the last groups 
are devoted to Mendeleeff, Crookes, and Ramsay. 

The life and work of Crookes is given in great 
detail, accompanied by a good recent portrait that 
was taken in his study, together with several 
photographs of the Laborato^ in Kensington Park 
Gardens; the account is strictly accurate, as can 
be vouched for by the writer, who acted as his 
private assistant from, 1881 until his death. Sir 
William Crookes was very retiring, and but little 
is known of his private life. 

The life of Ramsay has more the character of 
Aarrative than that of Crookes; the brilliant re- 
searches that led to the discovery of the inert 
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gases of the atmosphere are in themselves suffi- 
cient to fill a volume, and indeed that has already 
been done by Sir William himself in his '‘Gases 
of the Atmosphere.” In the sketch before us, the 
life and the work of the man are happily blended 
together, and the reproduction of some letters 
written from Bombay and on board ship on the 
occasion of an official visit to India are full of 
human interest and touches of humour that will 
be prized by those who had the pleasure of his 
acquaintance. 

The book ends with an “Epilogue” in which the 
recent developments in chemical theory brought 
about by the demonstration of the properties of 
radioactive matter are briefly reviewed. 

The work is certainly one of the most interest- 
ing that has appeared since the war, and by its 
publication the author has brought a real pleasure 
within the reach of all lovers of pure science, and 
many a tired one will be grateful for a few hours’ 
quiet spent over “Famous Chemists: The Men 
and their Work,” 

J.HG. 


Bibliotheca Cheviico-Maiheuiatica Catalogue of 
Works in Many Tongues on Exact and 
Afflied Science. With a Subject Index com- 
piled and annotated by H.Z. and H.C.S. 
With 127 plates, containing 247 Portraits and 
Facsimiles. VoL I. London : Henry' 
Southern & Co. 1921. In two volumes. 
Price 3 Guineas net. 

This remarkable work (the writer of the pre- 
face modestly calls it a catalogue), was com- 
menced in iQc^, and gradually assumed the pro- 
portion in which it now appears, occupying two- 
well-bound volumes, and extending to 964 pages. 
The work is claimed to be the first historical cata- 
logue of science that has been published; it is 
certainly the most complete that we have seen, 
and will undoubtedly be welcomed by all lovers 
of books. The illustrations, which form the 
striking feature of the work, are half-tone plates 
printed on special paper, and include besides fac- 
similes of illustrations and portraits, textual pas- 
sages from the more important works ; it is 
claimed that many of them are reproduced for the 
first time 

The boc^cs are arranged in alphabetical order, 
together with the price, bibliographical parficu- 
lars, and historical references. 

The yalue of the work is still further enhanced 
by the inclusion of a very’’ complete Index, which 
embraces not only the books in the catalogue, but 
also those of further lists that have been pub- 
lished since the “Chemico-Mathematica” was 
l^mted ; this, although it lacks the interest due to 
the illustrations that are given in the main volume 
^ valuable asset. The authors express 
their indebtedness to Heinrich Zeitlinger of Linz 
a well-wisher of learning and of England,” to 
whom IS due the greater part of the work. 


Extra Pharmacopoeia of Martindale and Westcott. 
Kevised by W. Harrison Martindale, Ph D 
F.C.S., and W. Wynn Westcott^ MB.’ 
(Lond). p.P.H. Seventeenth Edition. Vol* 
IL London : H. K. Lewis & Co , Ltd. 1921! 
Price 17s. 6d, 

This volume forms an addition to Vol. I., which 
was issued in June, 1920. The authors state in 


their preface that they have submitted many of 
the statements that have appeared in recent scien- 
tific literature to laboratory test ; the general re- 
sults of these experiments are g'iven in alpha- 
betical order in the early pages of the book. These 
practical notes cannot fail to be of value. The 
section includes a short but comprehensive 
accoimt of the science of Radiology Ultra-Violet 
Light. Of course, it is not intended to be other 
than a condensed note, but the condensation has 
been pushed to such a degree that w’e almost fear 
It may be misleading. In referring to the theory 
of Isotopes, we notice the bald statements that 
“Mercury is composed of five or six isotopes, Neon 
is a mixture of isotopic elements of different 
w'eights, as is also Chlorine.” Should this meet 
the eye of a pharmaceutical student with but little 
knowledge of modern science, the result liiight be 
confusing. 

The Bacteriocidal and Clinical notes are ex- 
tremely good and valuable. The general con- 
tents and scope of the work are so well known that 
it is not necessary to go further; but enough has 
been said to make it clear that it has been brought 
quite up-to-date and contains its full value of 
information. 

J.H.G. 

The Condensed Chemical Dictionary, Compiled 
and Edited by the Editorial Staff of the 
Chemical Engineering Staff of the Chemical 
Engineering Catalog (F. M. Turner, Jr., 
Technical Editor). Pp. 525. New York ; 
The Chemical Catalog Co., Inc., i, Madison 
Avenue. 

This book gives a list of chemical substances in 
alphabetical order, giving their synonyms (if any), 
colour, and projierties, constants, solubility, con- 
tainers, uses, railroad, shipping regulations, (&c. 

This should prove a valuable help to not only 
the non-technical mind, but also to the chemist, 
who comes up against substances of which he 
wants a little knowledge, but being not directly 
concerned with it in his everyday routine of busi- 
ness, has generally to search through either one 
of the big dictionaries on chemistry or an 
academical treatise. 

To give an example of the method employed in 
this book, one is taken at hazard : — 

D ioxyantkraqtmwne ( C hrysamne) 
CuH»0.(0H)3 I : 8. 

Colour and properties ; Reddish-brown needles. 
Constants : Melting-point igr® C. Soluble in 
alcohol; sparingly soluble in water. 
Derivation : F rom dinitroanthraquinone (1:8) by 
reduction and subsequent diazotization. 
Method of purification : Cr^'stallisation. 

Grades : Technical. 

Containers : Wooden kegs. 

Uses : Dyestuffs. 

Fire hazard : None. 

Railroad shipping regulations; None. 

The dictionary is primarily compiled for the 
use of exporters and importers, brokers, lawyers, 
insurance companies, and many other classes of 
firms and individuals who have frequent need for 
information regarding chemicals and chemical 
products. Beside the dictionary proper there are 
a few pages relegated to the definition of imits, 
also temperature conversion tables, &c. It should 
prove very useful to those for whom it is intended. 

N.B.M. 
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Elementary Practical Chemistry. Part /., 
General Chemistry. By FRANK CLOWES, 
D.Sc. (Lend.), and J. Bernard Coleman, 
A,R.C.Sc Seventh Edition. Pp. xvi+24,1. 
London : J. & A. Churchill. 1920. Price 6s. 

This little volume is esjjecially intended for 
pupils of secondary schools, and other students 
who are not training for the profession of consult- 
ing and analytical chemistry. It accordingly com- 
prises a course of instruction which gradually pre- 
sents the principles of chemistry to the student by 
means of a selected series of experiments. 

It commences with a description of the metric 
system of iveights and measures, and the deter- 
mination of density and temperature. Concise 
directions are then given for the preparation and 
use of some simple bench apparatus, such as the 
making of a wash-bottle, and the mounting of a 
platinum wire. The student next studies the com- 
position of air and water, the process of combus- 
tion, and the properties of some important non- 
metals and metals and their compounds. 

Many quantitative experiments are given, in- 
cluding some which illustrate the laws of chemi- 
cal combination and of chemical equivalence, and 
the relation of acid to alkalis as regards their 
neutralising power. 

The book is divided into fourteen sections, the 
last being comprised of miscellaneous exercises, 
such as the preparation of crystalline salts, &c. 
An Appendix, is added in whiclx is given a list of 
atomic weights, chemical equivalents of elements, 
conversion of tables of thermometer scales, and 
other data useful to the student. 

N.B.M. 

A Text-book of Organic Chemistry. By A. F. 
Holleman, Ph.D, Edited by A. JAMIESON 
Walker. Fifth Edition. Pp. xviii. -1-642 
iQ2o. London : Chapman & Hall. Price 
18s. 6d, net 

The first English edition of this text-book was 
published in 1903, and it has just api:)eared in its 
fifth edition, which shows how much the authoris 
work has been appreciated. In the two parts the 
whole held of organic chemistry is well covered. 
The first part deals with the aliphatic compounds; 
the second with the cyclic compounds. There are 
illustrations occurring through the book to render 
the text more easily understood. The book has a 
good index, which runs into 32 pages 

N.B,M. 

Laboratory Manual of Organic Chemistry. By 
Harry L. Fisher, Ph.D. Pp. x+331. Lon- 
don : Chapman & Hall, Ltd. 1920. Price 
I2S. 6d. net. 

The book is divided into two parts : Part I., 
headed “Laboratory^ Experiments,” gives a series 
of experiments both on the detection of organic 
radicles and the preparation of organic com- 
pounds. This part includes 66 experiments, and 
the author has marked the most important of them 
wdth an asterisk; that is to say, students who are 
not taking chemistry as a profession but must 
have a general groundwork in the subject, such as 
medical students, would only tackle those so 
marked. 

Part II., entitled “Organic J^ombustions,^ deals 
with the quantitative analysis of organic radicles; 
division A dealing with the determination of car- 
bon and hydrogen; division B with nitrogen. . 

N.B.M. 


Die Schwimmanfbereitung der Erse. By Dr. 

Paul Vageler. Dresden and Leipzig : 

Theodor Steinkopf. Price 4s. 4d. 

The use of flotation methods for the concentra- 
tion of ores has been greatly extended recently, 
and is now widely employed in various parts of 
the world, and for many different kinds of ores. 
More than 70 million tons of ore are now treated 
by flotation ‘processes annually, and there is every^ 
reason to believe that this does not represent by 
any means the maximum amount that can be 
reached, although it does not appear at all prob- 
able that wet methods will ever be entirely super- 
seded. This book, -which is a short resn7ne of the 
work that has been done upon the theory^ and 
l^ractice of these processes, comes at an opportune 
moment, and will be found to give a useful out- 
line of the subject. The factors to be taken into 
account in applying the method are reviewed 
shortly, and such questions as the choice of oils 
are well discussed and summarised. The author 
is inclined to claim too much for- German skill 
and enterprise, and the references to English and 
American literature are distinctly inadequate, 
while the lists of potent specifications include only 
those taken out m Germany. Hence there are 
many omissions of very important patents which 
considerably reduces the value of the book. The 
author attributes most of the advances that have 
been made to the work of Gorman chemists, and 
evidently considers that the methods of “patent 
trial” adopted by the scientific men of other 
nations are hardly to be regarded as true re- 
search work. However, the book has a real value 
as a careful compilation and summary’, and in 
many^ cases it indicates the directions in which 
useful research work is waiting to be done. 


CHEMICAL NOTICES FROM FOREIGN SOURCES. 


Comftes Rendus Hebdomadaires des Seances de 
r Acad hide des Sciences. Vol. clxxii.. No. 23. 
“On Titanium Peroxide.” — By M. Maurice Billy. 
“Contribution to the Study of Oils derived from 
Grape Pips.” — By M. Emile Andre. 

“On Some New Sulphonate Derivatives of Oxin- 
dol and Isatin — By MM, J. Martinet and O. 
Domier. 

“Allotropic Modifications -of Oxides,” — By 

Mdlle. S. Veil 

“Preparation of Mixed Secondary and Tertiary 
Phenolic Amines.” — ^By M. A. Mailhe and F. de 
Godou. 

No. 24. 

“Surface-tension of Mercury in Different Gases.” 
— ^By M. Jean Fopesco. 

“Molybdo-malates of Asamonium and Sodium.” 
By M. E. Darmois. 

“Action of Sodium Carbonate on Chrome Alum 
Solutions.” — By MM. L, Meunier and P. Caste. 

“Dehydration of Phenyl- r-dime^y 1-2* 2-butanol- 
I, and Diphenyl 1-3, diin^thyl-2*2-propanal-i.” — 
By Mdlle. Jeanne Ape^t 
“Composition of thd Essence of French Tnrpen- 
! tine, and of the Bnmide of «-Pinen€.”— -By M. 

! Pauselle. j 

I “The Tetrahydroh^htols,” — By MM. A. 

. Brochet and R. 

“Influence of Ammonium Molybdate on the 
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Rotatory Value of Mannite.’^ — By M. Georges 
Tauret. 

“Decomposition of Metallic Alcoholates and 
Phenates by Heat.” — By M, J. F. Durand. 

“Stereoscopic Photography of Crystals.” — By M. 
Maurice F rangois. 

“Some Cr>"stalline Rocks of Albania.” — By MM. 
Jacques Bourcart and Rene Abrard. ^ 


NOTES. 


Unladen Weight of PTeavy Motorcars.— The 
General Secretary of the Commercial Motor 
Users’ Association (Inc.) draws attention to the 
importance of seeing that the unladen weight 
which is painted on the offside of every heavy 
motorcar corresponds with the unladen weight 
as shown on the licence. Proceedings were re- 
cently taken by the police in the City of London 
where the weights shown on the licences were 
7i tons and the weights on the vehicles were 5 
tons, being the old registered weights. In a 
number of cases these proceedings were with- 
drawn, owing to the intervention of the Ministry 
of Transport at the instance of the Association. 
The Heavy Motorcar Order, 1904, now been 
amended by increasing the maximum unladen 
weight of heavy motorcars to tons, and the 
maximum combined unladen weight of a heavy 
motorcar and trailer to gf tons. Users of heavy 
motor vehicles who desire further information 
are recommended to communicate with Mr. F. G 
Bristow, General Secretary^ Commercial Motor 
Users’ Association (Inc.), 50, Pail Mall, London, 
S W.i. 

British Engineers’ Association. — Although 
the British -Engineers’ Association, being a purely 
trade association, confines its activities to the pro- 
motion of the commercial interests of the en- 
gineering industry, and plays no part in labour 
disputes or wages negotiations, it is vitally in- 
terested in their effects upon output, costs of pro- 
duction, and selling prices. As representing the 
commercial side of the industry, i.e.j the side con- 
cerned with the profitable disposal of the products 
of their joint labours it may claim to speak alike 
in the interests of employer and employed. The 
present situation in the engineering trades is so 
grave, and the consequences to the nation threaten 
to be so serious, that the Council feel it their duty 
to present the following facts and reflections for 
the earnest consideration of all engaged in the 
engineering industry, both masters and men, and 
of every thinking citizen. Even before the 
national stoppage of work in the coal mines, a 
critical situation was rapidly developing in the 
engineering industry, because our costs of pro- 
duction were far too^ high in relation to the pur- 
chasing power of an impoverished world, m which 
many prospective customer countries were further 
restrained from buying by adverse exchanges, en- 
tailing insupportable losses. A contributory 
cause of our loss of trade was the ability of the 
United States, Germany, and Belgium to under- 
sell us. To the extent that Germany has been 
able to produce and export the depreciation of her 


exchange has enabled her to quote prices with 
which the British engineering manufacturer could 
not possibly compete. In a lesser degree this also 
applies to Belgium. In spite of the strenuous 
efforts of directors and managers, of which we 
have abundant evidence, our engineering firms 
are quite unable to secure the volume of business 
required to replace the orders executed during 
the last six months, or now rapidly approaching 
completion. The fact is that although the world 
is in urgent need of vast supplies of products of 
engineering industry, to make good the losses due 
to the war and increase the future rate of wealth 
production, these supplies cannot be ordered until 
prices are brought within the purchasing power 
of the customer. This applies even to the home 
market, where many big schemes are being held 
in a state of suspense because of the prohibitive 
cost of cariying them into execution at present 
prices. To the extent that our competitors can 
undersell us, they will not only capture the over- 
seas trade, but also invade our defenceless home 
market. It must not be imagined that the re- 
sumption of coal-mining will, by itself, revitalise 
the engineering industry, even though the settle- 
ment be on terms consistent with a low enough 
price for industrial coal. It cannot be too clearly 
and widely understood that the engineering in- 
dustr>" has no chance of recovery unless and until 
a substantial reduction has been made in the costs 
of production. This is the problem to be salved, 
and failing its solution, other considerations will* 
be of little more than academic interest. At some 
time, in the not very distant future, masters and 
men in the engineering trades will be compelled 
by the pressure of stern necessity to compose their 
differences and agree upon a modus vivendi. All 
their thoughts and energies will be needed for 
the task of salving the industry by which they 
live. Delay in making this great constructive 
effort will merely increase the amount of leeway 
to be painfully and laboriously recovered, and 
imperil the chances of ultimate success, — D. A. 
Bremner, Director. 

Reactions of Carbon Monoxide and Iron 
Oxides. — Moissan demonstrated that when CO 
reduces ferric oxide, Fe^O^, FeO, and finally Fe 
are successively produced. The two last reactions 
are limited by oxidation of iron and ferrous oxide 
due to carbonic anhydride, M G. Chaudron re- 
sumed these experiments, utilising a device en- 
abling the employment of the interferential 
method for analysis of the gaseous mixture. The 
three solid phases coexist in equilibrium at 580® 
C., and at a lower temperature the ferrous oxide 
gives a magnetic mixture of iron and oxide. This 
last transformation is reversible . — La Nature^ 
March 19, 1921. 

The Non-Toxicity of Copper Salts for Mil- 
dew. — Since 1886, subsequently to the work of 
Millardet, the employment of copper salts 
seemed to be essential in the composition of anti- 
cryptogamic mixtures. M. and Mme. Villedieu 
have already contradicted certain hypotheses 
hitherto accepted, regarding the formation of a 
hydrocarbonate which, dissolving in rain water, 
would “give a medium where life of zoospores 
would be impossible. The new note demonstrates 
that the conidia of mildew develop, and then, in 
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turn, germinate in a cupric solution. The action 
of the mixtures hitherto employed is not then in 
any way due to the metal, suppression of which is 
to be considered in the composition of anticrypto- 
gamic mixtures. — Comfies Rend us ^ Feb. 7, 1921. 

A NEW organisation, under the title of The 
Federation of British Propaganda Societies has 
been formed, the object of which is to co-ordinate 
the work of propaganda societies and, as far as 
possible, prevent overlapping. Already about 15 
propaganda societies have expressed their willing- 
ness to join. His Grace The Duke of North- 
umberland has consented to act as President, and 
Sir Henry Birchenough, K.G M.G., is the 
Treasurer. The General Secretary is Mr. David 
Gilmour, O.B.E., Sicilian House, Southampton 
Row, London, who will be willing to give further 
information to any of our readers. 

Output of Bromine in U.S.A. in 1920. — The 
New’ York Journal of Co 7 nmerce states that bro- 
mine, which is derived from brines pumped from 
deep wells in Michigan, Ohio, and West Virginia, 
was produced by eight firms in the United States [ 
in 1920. The output, according to the United 
States Geological , Survey, Department of the In- 
terior, was 13160,5841b., valued at ^745, 381, a de- 
crease of 37 per cent in quantity, and nearly 40 
per cent in value from the output of 1919 The 
quantity produced, however, was greater than in 
any year before igi8. The average price per 
pound received by the producers rose from 13 
cents in 1910 to $1*31 in 1916, and was 64 cents in 
1920, which is more than three times the average 
price in the year before the war. The New York 
quotations on bulk bromine, which ranged from 70 
to 90 cents in the summer of 1920, were 50 to 52 
cents in December, and are now about 40 cents. — 
Defartment of Overseas Trade . 

An Industrial Optimist. — Mr. H. G, Williams, 
M.Sc., a member of the Industrial League and 
Council seems to be an optimist of the first ivater 
Months ago he was predicting what at the time 
seemed an impossible fall in the cost of living, 
but events have substantiated his assertion, and 
now he is equally emphatic on the point of a trade 
revival. With the nation still in the throes of 
countless industrial differences, on the verge of 
maturing to formidable dimensions, one must, in- 
deed, be sound of heart to acquiesce with him in 
his optimism. Yet, so accurate has Mr. Williams 
been in his prognostications heretofore, that he 
may infuse a degree of confidence where pessi- 
mism prevails. It was towards the close of Jan- 
uary this year that he wrote : ‘‘By May, retail . 
prices should be about a fifth lower than they were i 
on November ist, 1920, and the cost of living 
should then be about 120 per cent above pre-war 
level. I venture to predict that by the end of the I 
summer the level will have fallen to about double 
pre-war prices, i.e.j 100 per cent.” Were it not 
for the coal dispute, there is not the slightest 
doubt that the index figures for the cost of living 
published on May i would have been well below 
the prophetic figure of 120 cited by Mr. Williams, 
instead of standing at 128. How near he will 
prove to be accurate in his contention that the cost 
of living will be down to 100 per cent by the 
close of the summer reinains to be seen. In the 
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current issue of the Industrial League Journal he 
says : “The w^orid-wide indications at the moment 
show the beginning of a general revival of com- 
mercial confidence. A world revivaLin trade may 
be predicted with considerable certainty, and this 
country' will share in that revival provided that 
British goods can be offered at prices sufficiently 
attractive. This will probably involve employers 
and employed making adjustments in their minds 
as to the money value of the profits and .wages 
which they can reasonably expect to obtain, but 
even more important is the increase in individual 
production wffiich will ensure lower selling prices 
without the necessity of any serious low’ering of 
the standard of living, though, temporarily, both 
employers and employed may find themselves 
forced to accept a low'er standard than they have 
enjoyed in the recent past.” Mr. Williams has on 
more than one occasion voiced the opinion that it 
will not be long ere the cost of living wdll be down 
to 75 per cent above the pre-w^ar figure. It seems 
like anticipating the millenium. 

The Polish 'Potash Industry. — It is quite 
probable, when the frontiers of New Poland are 
definitely fixed, that the districts of Steppenitz 
and Kalusz, comprising deposits of salt and 
potash, in East Galicia, will be allotted to this 
countiy'. Hitherto potash has only been mined at 
Kalusz, the deposit being industrially workable, 
m the opinion of experts. The Kalusz deposits 
contain chlorides and sulphates of potassium and 
magnesium, and the uppeSr bed sylvinite and kain- 
ite. The bed of kainite is 10 to 12 metres thick, 
and in some places 17. There are four distinct 
beds of potash. The sylvinite bed is about two 
metres thick, and contains 25 to 60 per cent of 
potassium chloride. The second bed is 1-5 metres 
thick, and has 12 per cent potassium chloride, be- 
ing situated 30 metres below the kainite deposit. 
Below the chief deposit there is a third sylvinite 
deposit, consisting of two beds, containing 42 per 
cent potassium chloride, 12 to 80 metres thick 
It is not yer\' probable that the potash mines of 
East Galicia wdll be of great importance to 
foreign markets, and the Kalusz mines can only 
be of local importance. — Chimie et Industrie^ 
May, 1921. 


NEW COMPANIES. 


The under-mentioned particnlars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C.a. 

Climax Manufacturing < ompany. Limited. — (175211) — 
Registered 15th June, 1921. 28^, Victoria Dock Road, West Hdim, 
Essex. To carry on the business of Chemists and Druggists. 
Nominal Capital: £1,300 in 1,200 Shares of £i each. Directors: 
A. Curtis, Groveley, Feltham Hijt, Middlesex ; D, Cable, 5, Avon- 
dale Road, Mottingham, Kent; S. J. CoxwelL Milton X.odge, 
First Avenue, WestcUft-o»t-Sea. Quaiificatioii of Directors: ^loo. 
Remuneration of Directors . To be vcked by Company. 

Kleaneese Soap Compant, Limited.— (1752195 — Registered 
15th June, ig^i. 47, Church Street, Stoke Newli^fton, N.16. To 
acquire and carry on the fansmessof Soap and Polish Mannfa^ctinrers. 
Nomiijal Capital : £500 in 1,000 Shares of 10/- each. Directors: 
P, H. Bateman, 23, Vesta Road, Brockley, S.E.24. ; G. Hartrodt, 
120, Greenwood Road, * acka^, E.S. ; D. Bailey, Beechwood, 
Moss Lane, Pinner. Qualification of Directors: 1 Share. 
B^uneration of Directors . 'Ifo be voted by 
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This List is specially compiled for the Chemical News by Messrs. 
Rayner &, Co , Registered Patent Agents, of 5, Chancei^ Lane, 
London, W.C.2., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Applications. 

15732— Badische Amlin & Soda Fabrik —Production of oxalic acid 
J une 7. 

15815 — Chemical & Metallurgical Corporation, Ltd. — ^Tieatmcnt of 
argentiferous lead-zino-sulphide ores. June 8. 

16148— Craig, E. N.— Electrolytic treatment of metalliferons 
materials containing tungsten or molybdenum. June 11. 

15931— Dreyfu-, H.— Treatment of products of cellulose denva- 
tive«i. June 9. 

16159— Liebreicfa, E. — Process for separatmg-out metallic 

chromium. June ii. 

Specification published this Week, 

164034— Cocking, A, T. and Lilly, C. H. — Production ot glycerine 
by fet mentation. 

Abstract Published this Week, 

Treating Lead-Ztnc Ores.— Mr. E. F. Elmore of Boxmoor. 
Hertford^ire, has Obtained a Patent No. 162026 for a process 01 
treating argentiferous lead-zmc sulphide ores. Ihey are roasted 
with a halogen salt such as sodium, potassium, calcium, or 
magnesium chloride in an oxidizing atmosphere at a temperature 
above 400PC. but not high enough to volatilize lead chloride, but i 
zinc sulphide remaining for the most part unattacked. To pi event i 
any appreciable attack on the zinc the temperature should not I 
exceed 5oo°C. The air employed in the roasting is preferably - 
moistened if dry. The product of the roasting is leached with hot ' 
brine to extract lead, some silver and any zuic chloride. The lead 
and silver are recovered in any known anuer, for instance, by 
cooling the solution and treating the deposited chlorides as 
described in Specification 129773 to separate the silver as argen- I 
tiferous lead sulphate, the brine being used repeatedly. The ! 
residual ore is treated with a solvent for silver such as a solution I 


treat-id with hot brine containing hydrochloric or sulphunc acid as 
described in Specification 127641 to extract the lead and part of the 
re naming silver, and then as above described to extract the 
remaining silver, l he used brine containing sodium sulphate and 
the lead salts obtained may be treated as descrioed in Specification 
129773 to de-sulphate the brine and obtain lead sulphate. In a 
modification if there is some unoxidized lead sulphide remaining 
after the roasting or after the leaching with bnne, the ore is leached 
with hot strong solution of calcium or magnesium chloride contain- 
ing enough hydrochloric acid to convert the lead sulphide into 
chloride. This effects a good extraction of the silver and renders a 
subsequent extraction umiecessarv. If it is preferred to have a i 
small quantity of zinc chloride present in the calcination, which i 
may be denved from the ore if it contains some easily attackable I 
zinc, or, may be added at the beginning or towards the end of the 
calcination, preferably as a mixture of sodium and zinc chlorides 
obtained by evaporating some of the bnne used for leachings 
Specifications 131353, 135968 and 141044 also are referred to, 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications wid will forward on post free for the ofiScial 
f«rice of tl- each. 


tnvuluablB in every Laboratorym 

MMUFtCTnilEBS’ PRACTICAL RECIPES. 


laMEsoN's Treasury of Ori^nal Recipes and New 
anHd Isjproved Pipo^aes,* witl^ fall working instructions 
for manufacturing. Prospectus, giving details of con- 
tents, sent post free on mentioning offer 438 . 

^OYl4n5S, The Booksellers, 

121-12B, Charing Cross Roait, LONDON. 


EDITORIAL. — All Literary communications and Books, Chemical 
Apparatus, Ac., for review or notice to be addressed to the 
Editor. 

SUBSCRIPTIONS) iBl 12s per annum, payable in advance, should 
be addressed to the Manager 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4, 

ADYERTISEMENTS. 

All communications for this Department should be ad" 
dressed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E C.4, 

STAFFORDSHIRE 
EDUCATION COMMITTEE. 

A PPLICATIONS are invited for the post of 

PRINCIPAL and HEAD of the METALLURGICAL 
DEPARTMENT ofthe COUNTY TECHNICAL COLLEGE, 
WEDNESBURY, (in succession to Mr Walter Macfarlane, F.I.C.), 
at a salary of ^6()0. The person appointed must be a competent 
metallurgist with good academic qualifications, practical experience 
m works is essential. 

Further particulars and forms of application, which must be 
returned before 8th July, may be obtained from the undersigned. 
GRAHAM BALFOUR. 

Director of Education. 

County,Education Offices, 

Stafford. 

June, 1921. 

UNIVERSITY OF ABERDEEN. 

LECTURER IN CHEMISTRY. 

A PPLICATIONS are invited for the post 

-CV. of Lecturer in Chemistry. Salary ^£425 per annum. Candi- 
dates should have special attainments in Organic Chemistry, 
Applications, together with a full statement of qualifications and 
the names of two references, should be sent not later than TUESDAY 
5th JULY, to the undersigned, from whom further particulars may 
be obtained. 

H. J. BUTCH ART, 

Secretary’ of the University 

/GOVERNMENT Hessian Bags (New) size 

A-X 33 by 14 inche , Id. each delivered m quantities of not less 
than 1,(XX) Bags, sample sent on receipt of 6d, for postage. 
F. G Bowen, 62a, Aldersgate Street, London, EC.l 

Largest Suppliers to the Trade. Patented Gold Medal Colourings 

PURE SUGAR COLOURINGS 

For Beers, Wines, Spints, Mineral Waters, Gravies, Vinegars, 
Soaps, See. 

GUARANTEED FOR ANY PART OF THE WORLD. 

For Wholesale & Export terms apply 

GONVILLE JARVIS & Co. Ltd. 

63, BSOADW&T, STRATFORD, LOHDON, E.U., England 
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WHITLEYISM THE ONLY SOLUTION. 

Considered Views of the Industrial League 
AND Council. 

We have received the following memorandum 
from the Industrial League and Council : ^ 

The extremely critical position into which In- 
dustry has now drifted gives cause for the gravest 
anxiety. Disputes of a national and local charac- 
ter have created a feeling of instability to all con- 
cerned. Confidence, the bed-rock of trade and 
commerce, must be restored to the world. In- 
dustry is almost at a standstill, and our foreign 
trade, both imports and exports, shows an alarna- 
ing decrease. The Industrial League and Council 
have given this matter very serious consideration, 
and are convinced that no permanent or substan- 
tial change will occur until there exists a greater 
confidence between employers and employed. 
The development of Labour and Employer organ- 
isations on antagonistic lines places the two bodies 
in opposing camps from which they tend to view 
each other with hostility. From circumstances 
such as these it is hardly possible for anything to 
accrue but disputes, strikes, and lock-outs. 

The formation of a National Joint Industrial 
Council would not, in the opinion of the Indus- 
trial League and Council, do much to lessen the 
tension existing. Rather -would it add to the 
difficulties, as a National Joint Industrial Coun- 
cil, whilst it would be useful for the exchange of 
opinons, would be too unwieldy and complex to 
be of any use as a means for industrial harmony. 
As an alternative, the Industrial League and 
Council advocates strongly the formation of Joint 
Industrial Councils in every industry as the only 
means whereby disruption in industry may be 
avoided; 70 of these have already been estab- 
lished, most of which have been very successful. 

The world is suffering from a complete shortage 
of almost, if not all, the necessaries of life, and 
only years of hard work and sacrifice on the part 
of all, whether employers or empolyed, will in 
any way remedy the circumstances. The warlike 
policy which still unhappily characterises our in- 
dustrial relations can lead to nothing but disaster 
for the whole community. Lost foreign markets 
are extremely difficult to re-establish, and lost 
time caused by industrial disputes is an important 
factor in maintaining high prices. The recent 
mining dispute has lost to the miners at least 
^^55,000, 000 in wages; it has lost to Industry 
countless millions of pounds sterling. Joint 
Councils of Employers and Employed in the 
mining, as in other industries, wo-uid, in the 
opinion of the Industrial League and Council, 
minimise tli possibility of disputes, and would 
bring and prosperity to the industry. 

The total ni^mber of workpeople involved in dis- 
putes during the last 12 months is 5,414,000, and 
the total working time lost is 72,8^5,000 working 
days; these are independent dr the vast body of 
workers who were otherwise out of employment, 
of whom no less th^n nearly 8 millions drew un- 
employed pay during the same period. Time and 
labour lost is a reduction in national wealth and 
affects every member of th^ community.- 


The Industrial League has from its inception 
in 1915 resolutely abstained from any interference 
in trade disputes. It has consistently advocated 
the better relations a s between employer and em- 
ployed, and has since 1917 assisted in establishing 
Whitley Councils. It is strongly of opinion that 
the time has arrived when every industry, no 
matter hew w^ell organised it may^ be on either 
side, should have its Joint Industrial Council. 

Amongst the signatories to the memorandum 
are the following members of the Executive Com- 
mittee of the Industrial League and Council : 
Viscount Burnham, C.H,, Rt. Hon. G. H. Roberts, 
M.P., Sir Wm. Peake Mason, Bart, Mr. John 
Baker {Iron and Steel Trades Confed.), Mr. E, J. 
P. Benn, C.B.E., Mr. A, Bellamy (Ex-President 
N U.R.), Mr. Hugo Hirst (General Electric Co.), 
Mr. E. W. Fetter (Messrs. Vickers Fetter, Ltd.), 
Mr. Robt. Young, M.P. 

Events of the past week strikingly illustrate the 
fact that if anything will bring this country back 
to a state of productivity and place our industries 
m a position to successfully compete in all the 
markets of the world, it is the practical apprecia- 
tion of the principles of Whitleyism. In this res- 
pect facts substantiate the views expressed by the 
Industrial League and Council. 

For instance, in the wool textile industry, peace 
for at least a year has been accomplished by the 
satisfactory manner in which the National Wool 
(Allied) Textile Industrial Council on Monday the 
27th ult., came to agreement on a different wage 
question. 

A similar report comes to hand in respect of the 
flour milling industry, the o-peration of which 
directly effects every person m the land. On 
Wednesday, the 29th ult., a wage cut of 7s. 6d. 
per week was agreed upon by the National Joint 
Industrial Council for this industry. 

The railways have embraced Whitleyism; the 
printers, by reason of its operations have been 
without serious strife for a long period, and are 
at this moment amicably discussing a proposed 
wage reduction. Farm workers are anxious to 
obtain a Whitley Council because they appreciate 
its value, and this week also, the dockers are dis- 
cussing at the Board of their National Joint 
Council for the Docks the all-absorbing wage 
question, and will, no doubt, arrive at a solution 
of their difficulties without strife. These are but 
few of the happenings in the world of Whitleyism 
tending to shape the future welfare of our people. 
These Councils have been working steadily and 
unobtrusively for mouths past, and it is only on 
rare occasions they figure in the limelight, and 
then only because all sections engaged in an in- 
dustry are unable to see eye and eye on a par- 
ticular matter. 


SOIL ACIDITY IN 

ITS PHYSICO-CHEMICAL ASPECTS.* 

By E. M. CROWTHER, Rotliamsted Experimental Statical. 


The application of basic materials, such as lime 
or chalk, has long been known to result in in- 
creased soil fertility, especially in the case of the 
so-called “sour soils.^ Such soils are recognised 
in practice by a fairly characteristic weed flora. 


♦A Contribution to a General Di$cnsrio]^n « Pbysico-C^mi; 
Problems Relating to the Soil held by Tbe Faia«y Society, 
Tuesday, May 51 1 


Ibemical 
cm 



i8 


Soil Acidity 


t Chemical News 
J uly 8, 1921 


the failure of leguminous crops, and the liability 
of cruciferous crops to certain fungoid diseases. 
Sour soils redden blue litmus paper when it is 
pressed on to the moist soil, so that the obvious 
view was avanced that the infertility is due to the 
presence of acids, which are neutralised by the 
application of lime. Methods for the determina- 
tion of the amount of this acidity and therefore 
of the “lime requirement” of the soil, were devised 
on the assumption that the interaction between a 
sour soil and a base was a simple neutralisation. 
(Examples of such methods are the Veitch method 
involving the addition of lime water in slight ex- 
cess, and the Hutchinson-McLennan method in 
which the C0CO3 removed from a calcium bicar- 
bonate solution is estimated). 

A second group of methods depended on the 
curious fact that sour soils set free considerable 
amounts of titratable acid from salt solutions such 
as KCl or KCaHjOg. 

A large amount of work has been devoted to the 
investigation of the validity of these lime require- 
ment methods. Several of them have provided 
quite useful practical information, but their appli- 
cation is circumscribed by the fact that it is only 
on comparable soils that the “lime requirements” 
adequately" represent the response to limeing. 
Further, all the methods are very sensitive to 
slight variation in technique, and different 
methods give widely divergent results when 
applied to the same soil. In a recent study of the 
Hutchinson-McLennan method, Fisher has shown 
that the amount of CaCOa removed from solution 
is not independent of the concentration of the bi- 
carbonate used, but that the distribution of CaCOj 
beween soil and solution may be represented by 
the usual adsorption equation. The taking-up of 
base by a sour soil appears to involve not only 
the simple neutralisation of acids, but also' some 
absorptive process by the soil colloids. 

Many workers have attached more importance 
to the absorption than to the presence of acids. 
It has been held that in fertile soils, well pro- 
vided with reserves of CaCOs, the absorptive 
power of the soil colloids for bases is fully satis- 
fied, but that the continuous removal' of the basic 
material by plant growth and drainage may result 
uitinaately in a colloidal system with a marked 
affinity for bases. Ramann therefore replaced the 
term “acid” as applied to soils by “adsorptively 
unsaturated.” Baumann and Sully, working with 
peat soils, and Cameron and Harris with mineral 
soils, denied the existence of acids in soils giving 
aqueous neutral to litmus paper. Selective ad- 
sorption of bases was held to account not only for 
the action of litmus paper and for the liberation 
of acid from salt solutions, but for the large varia- 
tions in the amounts of different bases taken up by 
the soil from alkaline or neutral solutions. The 
possibility of establishing the existence of acids 
in the soil by titration was the subject of 
prolonged controversy. Truog, for example, 
maintained that by using diluted solutions to re- 
duce side-reactions, equivalent amounts of NaOH, 
Ca{OH)a, and Ba(0H)2 were neutralised by sour 
soils. 

The M easier ement of the H* •Concentration 
of Soils. 

The lime reqrfftement methods were intended to 
measure the “quantity factor” of acidity, Le,^ the 
total amount of add as measured by titration. 


But the acid properties of a solution can only be 
expressed by the “intensity factor,” i,e.j the hydro- 
gen ion concentration (or activity). Many sour 
soils have been shown to possess a H- -concentra- 
tion considerably greater than that of water, so 
that there is now no valid reason for denying the 
existence of acid substances in sour soils. 

The use of the hydrogen electrode is practicable 
in complex mixtures only if they possess con- 
siderable buffer action, some mechanism for 
maintaining an almost unchanged reaction on the 
addition of small quantities of acid or alkali. 
Aqueous extracts of soils are but feebly buffered ; 
the introduction of a little alkali, such as the 
ammonia produced by the reduction of nitrates by 
the hydrogen electrode, causes considerable altera- 
tion m reaction. Suspensions of soil in water, 
however, are strongly buffered, and give quite 
definite results with the hydrogen electrode. A 
very wide range of H*-concentrations has been re- 
corded; thus Gillespie found values for -log [H*] 
or pH from 4-4 to 8*6. Sharp and Hoagland with 
a somewhat less satisfactoiy’^ technique found a 
range of 3*7 to 9*3, though the fertile soils ex- 
amined by them showed very similar values, vary- 
ing from the neutral point to about 7*5 on the 
alkaline side. 

The potential difference which forms the basis 
of the method can be measured with a high degree 
of accuracy, but with soils difficulties are intro- 
duced by the necessity of w'orking with suspen- 
sions. Measurements cannot be made on 
soils at their natural water or CO3 contents. In 
well-buffered 
alteration in 
variation in 
of moderate 

used, produces but little alteration in the results 
obtained. It is therefore generally assumed that 
the values obtained aproximate to those of the 
soil solution. 

The sulphone phthalein indicators of Clark and 
Luhs have been used for the determination of the 
H'-co-ncentration of aqueous soil extracts, and, in 
the only comparison hitherto made with the re- 
sults for soil suspensions by the hydrogen elec- 
trode, Gillespie has obtained very satisfactory 
agreement. This is especially important because 
the most probable sources of error in the two 
methods arise from different causes.’ The princi- 
pal difficulty involved is the preparation of suffi- 
ciently clear soil extracts for colour matching. 
Prolonged centrifuging is often insufficient and 
it is then necessary to resort to dilution, since 
filtration or flocculation often produces quite 
marked changes in such weakly buffered solutions. 

Considerable iinportance has been attached in 
the past to the differences towards litmus paper 
exhibited by the moist soil and the soil extract. 
An insensitive indicator such as litmus, especially 
on paper, requires an appreciable amount of acid 
to effect the change to red. With small quanti- 
ties pf weakly buffered solutions, such as soil ex- 
tracts or very dilute HCl, the reaction of the 
liquid may be seriously changed, whilst if a large 
bulk of solution be left in contact with the litmus, 
leaching may occur before the correct tint is 
reached. When the paper is pressed on to the 
moist soil, the proximity of the soil allows rapid 
diffusion of acid to the paper, whilst its reaction 
is changing, and a fair indication of the soil re- 
action may be obtained* 
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The mechanism of buffer action in the case of 
partially neutralised weak acids is easily ex- 
plained in terms of the dissonation constant, but 
it is not generally possible to analyse the factors 
involved in more complex systems. The diffi- 
culties of technique have prevented much work 
on the determination of the changes in —log [H*] 
during the titration of acid soils with bases, 
but it has been found that the soils are well- 
buffered over considerable ranges of H* -concentra- 
tion. In other words, the titration curves showing 
—log [H*] as a function of the amount of base 
added are practically linear without any sharp 
breaks corresponding to ^'end points.^^ The slopes 
of the curves vary considerably from soil to soil, 
so that it is possible for a strongly acid soil to 
possess little titratable acidity or a low lime re- 
quirement, whilst neutral or even slightly alka- 
line soils may show an appreciable requirement if 
the soil be brought into equilibrium with an alka- 
line solution. 

Action of Net 4 iral Salts on Acid Soils. 

Sharp and Hoagland have shown that BaCU, 
KCl,or NaCl increase the H'-concentration of sus- 
pensions of acid soils. In a more detailed study 
of the action of salts on humus suspensions Gilles- 
pie found that the same action occurs and that the 
increases produced by different chlorides ^are in 
the order Ba>Na>K. The interpretation of 
these results is complicated by the fact that these 
salts produce similar, though smaller, increases 
in the H- -concentration (or activity) of true solu- 
tions. 

The increase in H* -concentration is accompanied 
by considerable amounts of titratable acid, the 
estimation of which was used in some of the early 
lime requirement methods. In spite of much in- 
vestigation, the interpretation of this action is still 
obscure. On the selective adsorption theory the 
action is regarded as strictly analogous to the the 
liberation of acid and fixing of base during the 
precipitation of colloidal solutions of As*Ss by 
BaCls. The importance attached to the adsorp- 
tion of cations for the coagulation of negative 
colloids gave some support to this view, but no 
clear mechanism was advanced to explain the 
liberation of acid. 

Neutral salt extracts of acid soils contain weak 
bases-— chiefly Al, though Fe, Mn or even Zn are 
sometimes found — in amounts roughly equivalent 
to the titratable acidity. Parker . modified the 
selective adsorption view by assuming that the salt 
is hydrolysed, the base being adsorbed whilst the 
acid dissolves the weak bases from the soil. 
Others regard the aluminium salts as the 
cause rather than the result of the acidity 
of the neutral salt extracts. Rice found 
that the relations between the H*-concentration 
and titratable acid of KNO-, extracts corresponded 
closely with those of mixtures of Ar(NO,), and 
KNO3, and concluded that the amount of alumin- 
ium was precisely equivalent to the titratable acid, 
the apparent exceptions arising from the difificui- 
ties of analysis and titration. Rice and Daiku- 
hara regard this basic exchange as taking place 
with loose .adsorption compounds of weak bases 
which characterise acid soils, whilst Veitch and 
latef workers hold that the interaction occurs 
with the complex alumina-silicates of the soil. 
Whatever the mechanism of this basio exchange, 


the differences in the hydrolysis and solubilities 
of the various salts concerned will account for 
many of the results. The excess of a salt of a 
weak acid prevents any considerable rise in 
H* -concentration, so that the aluminium salts are 
almost completely hydrolysed and precipitated 
with the liberation^ of much-tit ratable acid, whilst 
with salts of strong acids higher H* -concentrations 
occur, so that the Al remains in solution and the 
reaction soon reaches an equilibrium point. 
Similar reactions of the aluminates and silicates 
of Ca or K will account for the greater adsorption 
of Ca during the action of the hydroxides on sour 
soils. In the case of peat soils Sven Od^n sug- 
gests that the acidity of salt extracts arises from 
the displacement of small amounts of organic 
acids adsorbed by humus. He found^ no HCl by 
distillation of a KCl extract of an acid peat, and 
an aqueous extract 'of the treated ^ peat was not 
alkaline, so that there was no evidence of any 
hydrolytic decomposition by adsorption. 

The complexity of the soil system is such that 
nothing is to be gained at present by formulating 
any general theory of the origin and nature of soil 

acidity. * 

Rkation of Soil Acidity to Plant Gromh. 

Until recently soil acidity has b^n regarded as 
a pathological condition to be avoided by liming, 
but the reaction of the soil may var^’^ within fairly 
wide limits and it does not follow that 
-log (H')==7*07 is the optimum for plant growth. 
Soil fertility is the resultant of the interaction of 
a large number of factors on the plant, and these 
factors are likely to be influenced to different de- 
grees by the reaction of the soil solution. There 
is evidence that a distinctly acid reaction may be 
desirable for certain crops, and attempts are being 
made in New Jersey to increase the acidity of 
potato soils by the production of HjSO^ through 
the oxidation of sulphur added to the soil. 

The reaction of acid soils is frequently of the 
same order as that of plant roots, so that the ia- 
fertility of most acid soils would not appear to 
be due to tbe direct action of the acid on the roots. 
Of the indirect effects Truog attaches the greatest 
importance to the lack of available basic material, 
such as CaCO,, for the neutralisation of the acids 
produced in the plant, whilst several workers have 
ascribed the infertility to the toxic action of alu- 
minium compounds, Gillespie has recently made 
some preliminary measurements of the reduction 
potentials of water-logged soils, and has suggested 
that the "sourness^ of poorly drained soils may be 
the result of their high reducing power. 

An extensive bibliography of soil acidity is 
given by E. A. Fisher, Journal of Agric. Scmice, 
1921, xi, 19. 

THE CLINTON WATER SUPPLY AND THE 
MISSISSIPPI RIVER. 

By MORGAN. 

The water supply of Clinton, Iowa, situated -on 
the Mississippi Riv^^ comes from a seiies;e>l ^ve 
wells located * above the city. The wells are 
200ft. to 25Qft. it<m. the river, and from 1800ft tq 
2200ft. in depth. .The numbers bene exjmess 

the amounts of the vatio^ substances. Is a 

parts of the wa^r. , 
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Total solid residue 

... 251*8 

SiO, 

1*0 

FegOs and ALOa 

1*60 

CaCOa 

54*60 

CaSO* 

52*10 

MgCOa 

... 27*40 

NaCl and KCl ... 

... ii6*oo 

Phosphates 

0*0 

Nitrite nitrogen 

0*0 

Nitrate nitrogen 

0*1 

F ree ammonia 

0*015 

Albuminoid ammonia 

0*06 


The Water -from the Mississiffi. — The sample 
was taken from about the middle of the stream. 
The water was slightly cloudy, so we filtered it 


through a paper. 

Total solid residue 219*2 

SiOa 13*8 

FeaOa and AlaO* 2*0 

CaCOj 66*40 

MgCOa 48-90 

CaSO^ 17*50 

NaCl and KCl 69*80 

Nitrate nitrogen 1*10 

Nit^rite nitrogen ... 0*008 

Carbon dioxide 93-00 

Free ammonia 0*04 

Albuminoid ammonia 0*48 

The Un filtered Water from the River, 

Total residue 259*0 

SiOa 33*20 

FeaOs and AljOa 2*6 

^ CaCO» 94*10 

CaSO* 17’ 50 

MgCOa 48*60 

NaCl and KCl ... 69*80 

The cloudiness of the unfiltered river water 


seems to be due to a small quantity of silica and 
calcium carbonate in suspension. 

The river water and well water contain a rela- 
tively large amount of chlorides, and the waters 
in most other respects are quite similar. Both 
are rather soft waters for this section of the 
country, where there is an abundance of dolomite 
rock. Although the wells are encased, there is 
a possible connection between the river and the 
wells. 

Cornell College, Mount Vernon, Iowa, 

June 4, 1921. 


AN EXTRAORDINARY NUMERICAL 
RELATIONSHIP BETWEEN CALCIUM 
AND STRONTIUM. 

By ALEXANDER SAKOSCHANSKY, B.Sc. 

It has been frequently stated that atomic weight 
numbers are something more than relative num- 
bers. While with the present system numerical 
relationship of a simple type exists only with a 
few elements, such as ^2*43= 15588, 23^ = 529, 
3912“ = 1529, a system based on other numbers 
would place other elements in a numerical re- 
lationship. 

The following is of particular interest, because 
the values have been derived in a systematic 
manner. If 0*11063 (logi® 1*290) be used as a 
multiplicand for atomic weights, it will give 
several pairs of corresponding values, e,g,^ 
Selenium x 1 1063 = Strontium 
Sulphurx iio63=Chlorine. 


There are no other multiplicands which are as 
effective. Another way of expressing this re- 

35'46 

lationship is X 2*30258 =3- 207, since 0*2546 is 

25*46 

loge 1-290, and 2*30258 is the conversion factor 
from e to 10. (Note. — By analogy : — 

65-394 24*32 

Zn= x^=2*7i 83; Mg= X>^=3'9i3). 

55*394 14*32 

Obtaining a system of atomic weights, 


chlorine = 25*46, 
{H=o*7i8o). 

Ca = 28*784, 


28-784 

(I) 

X 

Sj-* 

II 

tjn 

CO 


18*784 


62-918 

(2) 

x^=2-7377 


52*918 


Now logic 1^8784 =0*273 79 
and logio 3* 5284 = 0*27379 
2 

or * 3-5284 = 1*8784 

Barium shows an interesting numerical re- 
lationship which cannot be described in this short 
article. 

In addition it should be noted that on the basis 
Cl = 25*46, fluorine and iodine are in logarithmic 
decrement, for F = i3*64, 1=91*12, lox i/F = log* I, 
.r=anti-logio 1*365 = i‘3S2. Magnesium = 17*46, 


A STUDY OF ARSENICAL COMPOUNDS 
RELATED TO ARSPHENAMINE. 

By GEORGE W. RAIZISS and JOSEPH L. GAVRON. 

Introduction, 

Experiences of the last decade have shown to the 
leading syphilologists that arsphenamine, which 
is the official American name for 3,3'-diamino- 
4,4'-dihydroxy-arsenobenzene dihydrochloride (P. 
Ehrlich and A. Bertheim, Ber,^ 1912^ xlv., 756), 
is one of the most efficient remedies in the treat- 
ment of syphilis. It has been observed by many 
that intravenous injections of this drug sometimes 
produce alarming symptoms. While these have 
been attributed to various causes, some relating 
to the condition of the patient, and others relating 
to he technic of adminisration, it seemed very 
probable to us that chemical impurities in ars- 
phenamine may produce the disturbing effects 
Therefore, we deemed it advisable to prepare a 
number of compounds, which are closely allied to 
arsphenamine and which might appear as impuri- 
ties in the drug in the course of manufacture. 

Arsphenamine is produced by the reduction of 
3-nitro-4-hydroxy-phenylarsinic acid which some- 
times contains the corresponding dinitro deriva 
tive as an impurity. It is possible, therefore, that 
arsphenamine may be contaminated with 3,5, 3', 5'- 
tetra-amino-4,4'-dihydroxy-arseno-benzene tetra- 
hydrochloride. In view of this fact, it was of in- 
terest to prepare the latter compound and study its 
chemical and biolojgical properties (J. F. Scham- 
berg, G. W. Raiziss. J. A. Kolmer, and J. L. 
Gavron ; “The Chemotherapy .of Arsenical Com- 
pounds Related to Arsphenamine” (to be published 
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later). We observed also that it exerts a curative 
influence upon tr>"panosome infections, hence the 
preparation and study of derivatives of the above 
tetra-amino compound suggested themselves. 

In the course of this work it was observed that 
an increase in the number of amino groups de- 
creases the stabilty of both the phenylarsinic acids 
and the arsenobenzenes. On the other hand, the 
solubilities of the corresponding hydrochlorides 
in water are increased. 

^y$^Dia 7 mno- 4 -hyd 7 oxy~fhenylz^rsinic Acid — 
This compound has been very briefly mentioned in 
a German patent {D. R. P.j 224,953, 1910), in 
which the method of preparation consists of the 
reduction of 3,5-dinitro-4-hydroxy-phenyl-arsinic 
acid by means of sodium hydrosulphite. The 
same compound has been prepared by us accord- 
ing to the following procedure. 

Twenty g. of 3,5-dinitro-4-hydroxy-phenylarsinic 
acid is suspended in 50 cc. of water and dissolved 
by adding 13 cc. of 40 per cent sodium hydroxide 
(2 mols.). To this solution is added a solution of 
40 g, of magnesium chloride (crystals) in 400 cc. 
of water, the whole cooled down to o® and re- 
duction eflected by gradually introducing 130 g. 
of sodium hydxosulphite (commercial powder) 
with continuous mechanical stirring. During this 
process, the temperature should not be permitted 
to rise above 2°, since otherwise further reduction 
to the arseno compound wilToccur. When all the 
hydrosulphite has been introduced, the solution 
becomes decolorised, and upon continued stirring 
for vs hours at o®a white crystalline precipitate of 
the amino compound appears. This is filtered off 
and the mother liquor expressed as completely as 
possible. To purify, the crude product is dis- 
solved by triturating with an excess of diluted 
hydrochloric acid in a mortar. The solution is 
filtered, and the filtrate neutralised at low tem- 
perature with concentrated sodium hydroxide solu- 
tion until it is hut slightly acid to congo red 
paper. The precipitate of the pure amino com- 
pound is filtered off and washed with cold water 
until it is free from sulphate and chloride, then 
with methyl alcohol, and finally with ether. It 
is dried in *vacuo over sulphuric acid. The yield 
(after one purification) is about 8*o g. or 50 per 
cent. 

Properties. — 3,5-diamino-4-hydroxy-phenyl- 
arsinic acid is a white crystalline product which 
darkens during the process of purification. It is 
soluble in alkalies, also hydrochloric acid : in- 
soluble in methyl alcohol, ethyl alcohol, ether, 
acetone, chloroform, benzene. Its solution in 
alkali darkens very rapidly on standing exposed 
to the air. 

Calculated for^ C*Hy04N2As ; N, 11*29; As, 
30*24. 'Found : N, 10*70; As, 29*52. 

S-AminO’-4-^kydraxy-fhenyLarsimc Acid. — This 
compound w*as first prepared by Ehrlich and Ber- 
theim by the reduction of 3-nitro-4-hydroxy- 
phenylarsinic acid with sodium amalgam 
224,953, 1910). Another method in which sodium 
hydrosulphite is used as the reducing agent has 
been briefly described in a German patent 
[D.R.P.j 224,953, 1910). Jacobs and Heidelberger 
{Jour. Am, Ckem. Soc.^ 1918, xL, 1580) prepared 
this same arsinic acid by the use of ferrous sul- 
phate and sodium hydroxide. The authors m pre- 
paring this compound used sodium hydrosulphite 
as the reducing agent. 


Twenty g. of 3-nitro-4-hydroxy-phenylarsinic 
acid is suspended in 50 cc. of water and dissolved 
by adding 15 cc. of 40 per cent sodium hydroxide 
solution (2 mols.). A solution of 40 g. of mag- 
nesium chloride crystals in 300 cc. of water is 
added, the whole cooled down to o®, and reduced 
by adding 85 g. of sodium hydrosulphite and pro- 
ceeding exactly as in the case of the previous 
compound. The yield of purified product is about 
10*8 g. or 61 per cent. 

Properties. — ^3-Amino-4-hydroxy-phenylarsinic 
is a white cr>*stalline substance which during puri- 
fication turns slightly brown. It is soluble in 
hydrochloric acid, sodium and ammonium 
hydroxides; insoluble in acetic acid and the usual 
organic solvents. Its alkaline solution darkens 
rapidly on standing in air. 

Calculated for CeHaO^NAs : N,6*or. Found :5*74. 

A cetyl-^-amino-4-hydroxy-phenylarsinic A cid . — 
Ten g. of 3-amino-4-hydroxy-phenylarsinic acid is 
suspended in 50 cc. of water, immersed in an ice- 
bath, and mechanically stirred. Nine cc. of acetic 
anhydride (one mol equals 4*4 cc ) is gradually 
introduced, and the stimng maintained for three 
hours. The whole is filtered, and the precipitate 
suspended in dilute hydrochloric acid. This re- 
moves the unchanged amino compound, the acetyl 
derivative remaining undissolved. This is filtered 
ofl, washed with water till free from hydrochloric 
acid, then with methyl alcohol, and finally ether. 
It is dried in *uacm over sulphuric acid. The 
yield is 3*5 g. of pure substance. 

Properties. — Acetyi-3-amino-4-hydroxy-phenyi- 
arsinic acid is a light brown crystalline substance, 
soluble in dilute alkalies. It is insoluble in hydro- 
chloric acid, acetic acid and the usual organic 
solvents. 

Calculated for CaHi^OjNAs : N, 5*09; As, 27*27 
Found; N, 5*10; As, 27*61. 

ZPitf ^-3 , 5-Z?«Z7«z»*7-4- wrV 
Acid. — This compound is prepared from 3,5- 
diamino-4-hydroxy-phenylarsinic acid in exactly 
the same way as the previously described com- 
pound. The yield is 75 per cent. 

Properties. — h. pale brown crystalline substsmce, 
soluble in sodium and ammonium hydroxides. 
Insoluble in water, hydrochloric acid, and the 
usual organic solvents. 

Calculated for CtaHiaNgOgAs : N,8*43; As, 22*60 
Found ; N, 8*49; As, 22*98 per cent. 

3, etra-amino- 4 ^ 4 ^-‘dihydroxy-aTs€nobe 7 i-> 

sene T eirahydrochloride. — ^Although this amino 
compound has been very briefly described in a 
German patent, its tetrahydrochloride has not 
been described. It is interesting to note that it 
appears to exist in two modifications, one easily 
soluble in methyl alcohol, and the other only 
sparingly so, 

25 g. of the coi^esponding dinitro-hydroxy- 
phenylarsinic acid is dissolved in 525 cc. of water 
to which has been added 16 cc. of 40 X)er cent 
sodium hydroxide solution (2 mols.). Reduction 
is effected by a solution of 575 g. of sodium hydro- 
sulphite and 65 g. of niagnesium chloride in 2600 
of water. After i *5 hours^ stirring at SS"" ^ 
the yellow precipitate of the tetia-arqino com- 
pound is filtered, washed with distilled water un- 
til most of the hydrosulphite has been removed, 
and theii dried on porous plates. 

To convert the dp^/ into its tetrahydrcl- 
chloride, it is into 220 oc. of absolve 
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methyl alcohol containing hydrogen chloride. 
About one-half of the tetrahydrochloride dis- 
solves. This is decanted off. The remaining in- 
soluble portion is triturated in a mortar with more 
ethyl alcohol-hydrochloric acid solution in order 
to remove the soluble fraction completely. The 
entire methyl alcohol solution of the tetrahydro- 
chloride is mixed with five volumes of U. S. P. 
ether. A light yellow precipitate is immedi^itely 
produced. This is allowed to settle, the super- 
natant fluid decanted, the precipitate washed 
several times by decantation with ether, rapidly 
Altered and Anally dried in vacuo over sulphuric 
acid. The yield is 8*o g. 

The undissolved fraction of the tetrahydro- 
chloride is washed with ether and also dried m 
vacuo over sulphuric acid. The yield is 7*5 g. 

Both modifications are yellow substances easily 
soluble in cold water. From this solution the 
base is precipitated by the addition of sodiuna 
hydroxide and redissolved when sufficient alkali 
has been added to form the monosodium salt. 
This solution on standing rapidly becomes turbid 
due to the action of the carbon dioxide of the air. 
A solution of disodium salt is less readily pre- 
cipitated. Both salts in solution when exposed to 
the air, rapidly oxidise, more so than the corre- 
sponding salts of 333'-diamino-4,4'-dihydroxy- 
arsenobenzene dihydrochloride. 

Analysis . — Neutralisation of the hydrochloride 
and formation of monosodium salt. Soluble 
modification; subs., 0*100: 9*0 cc. N NaOH 
Insoluble modification : subs., 0*100 : 7*5 cc. 0*1 N 
NaOH. Calculated for CiaHi8N4Cl40aAs2.iCHa 
OH: 8*7 cc. 0*1 N NaOH. 

Oxidation by iodine. 

Soluble modification. Subs., 0*100: 13*50 cc. 
Q'l N iodine. 

Insoluble modification. Subs., o*ioo; 13*6 cc. 
o'l N iodine. 

Calculated for CiaHi8N4Cl402As3, iCHaOH : 
13*95 cc. O’ I N iodine; iri6 mg. oxygen 
Found; Sol. mod., io*8o mg. oxygen; insol. 
mod., 10*88. 

In view of the fact that this compound cannot 
be recn^stallisedj the only method of purification 
consisting of redissolving m methyl alcohol-hydro- 
chloric acid solution and reprecipitating from 
ether, we are reporting these results as the best 
we have been able to obtain thus far. 

Calculated for Ci2Hi8N4Cl40aAsa.iCH30H : N, 
9*76; As, 26*13. Found: sol. mod., N, 8*80; As, 
26*62; insoL mod., N 8*8o; As, 25*09 per cent. 

Tetra-acetyL-^y:^' -ietra-a 7 nino-^^^’ -dihydroxy- 
arsenohe^inene, — Two g. of diacetyl -3,5 -diamin 0-4- 
hydroxy-phenylarsmic acid is dissolved in 7*0 cc. 
of water by the addition of 4 cc. of 15 per cent 
sodium hydroxide solution. Two g. of magne- 
sium chloride (crystals), and 10 g. of sodium 
hydrosulphite are dissolved in 45 cc. of water and 
immediately mixed with the solution of arsinic 
acid. The combined solutions are filtered rapidly, 
and warmed up to 55 or 60®. This temperature is 
maintained for 30 minutes, during which time the 
mixture is continually stirred. The precipitate 
which forms is yellow at first, but at the end of 
the reduction it appears white. It is filtered off, 
washed thoroughly with water and dried in vacuo 
over sulphuric acid. The yield is 1*2 g. 

The compound is a white powder insoluble in 
water, dilute hydrochloric acid, and the usual or- 


ganic solvents, soluble in glacial-acetic acid how- 
ever. It is soluble in dilute alkalies, forming a 
yellow solution which is characteristic of arseno 
compounds; also soluble in dilute sodium hydro- 
gen carbonate solution. Like all other arseno 
compounds it decolorises iodine, thereby becoming 
oxidised to its corresponding arsinic acid. This 
reaction cannot be utilised for its quantitative 
estimation, thereby differing from other arseno 
compounds, because of difficulty in distinguishing 
the exact end-point. 

Calculated for C2oH230*N4Asa : N, 9*93 ; As, 
26*60. Found: N^ 10*14; As, 25*75. 

Diacetyl-'^^S^ -dtamino-^-dihydroxy-arsenoben- 
sene . — The method of preparation of this sub- 
stance from acetyl-3-amino-4-hydroxy-phenyl- 
arsinic acid is the same as that of the tetra-acetyl 
compound described above. The yield is 73*17 
per cent. 

The substance is a pale yellow powder insoluble 
in water, methyl alcohol or sodium hydrogen car- 
bonate solution, soluble in sodium hydroxide solu- 
tion from which it is reprecipitated by hydro- 
chloric acid. 

Calculated for Cx6HigN204As2, N, 6*22; As, 
33*33- Founded : N, 6*16; As, 33*00 . — Journal of 
the America^i Chemical Society j March, 1921. 


MINERAL FERTILISERS IN JAPAN. 

The production of pyrites was, in 1912, 82,600 
metric tons, and 126,000 in 1Q13, since when it has 
increased. Moreover, we must consider the fact, 
that Japan is a great sulphur producer which 
favours manufacture of acid. Before the war, the 
production was, apparently, 30,000 metric tons, 
which has incre^ed to 70,000. Subsequently to 
an agreement existing before the war, which was 
then cancelled and again restored, prices were 
fixed by a Convention in 1916. Sulphuric acid, 
as in all other places, is utilised for manufacture 
of mineral fertilisers, especially superphosphates. 
Imports of natural phosphates which, in 1913, 
amounted to 347,000 metric tons, fell to 322,000 
in 1914, and even 189,000 in 1915 ; but the imports 
for 1916 .and 1917 lyere estimated at 280,000. 

However, Japan has developed her phosphate 
production in the Island of Rasa, Lu Choo, which 
from 740 metric tons in 1908 rose to 38,259 in 
1914; 57,716 in 1915, and 114,810 in 1916. 

^Although the superphosphates obtained are 
largely consumed in the country itself, a consider- 
able quantity is exported to Java, where 40 per 
cent superphosphates are required, and also to 
Russia. This market was only of interest during 
the war. It seems possible to greatly develop the 
utilisation of artificial ^ fertilisers in Manchuria, 
where they are as yet little employed. 

There are three principal manufacturing com- 
panies of fertilisers, viz., the Kuhard, the Furu- 
kawa, and the Sumitomo Co., the respective 
annual production being 7,000,000, 4,880,000, and 

680.000 bags. 

Consumption of sulphate of ammonia is about 

140.000 metric tons, chiefly supplied by imports 
from England (110,000 metric tons in 1910). As 
during the war these imports almost ceased (20,000 
in 1915) the Japanese have remarkably developed 
the industry. 

The production of sulphate of ammonia was 
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>^000 metric tons in 1916, the amoiint for 1917 
iing estimated at 100,000, though really it was 
^ly 575915? and in 1918 31,444, The German 
niline Consortium has decided, it is said, to 
)und a works on the lines of those of Leuna, in 
apan and the United States for fixation of nitro- 
en by the Haber process. 

The employment of potash salts is insignificant; 
bile nitrate imports were 24,694 metric tons in 

The imports of mineral and other fertilisers in 
)i4 represented a value of nearly 80,000,000 
■ancs. Home production is valued at about 
25,000,000 francs, having tripled within the space 
f ten years. 

In spite of this, Japan will probably always be 
ependent upon imports from abroad for part of 
le phosphates, potash salts, and nitrates, as long 
5 manufacture of synthetic ammonia does not 
leet all requirements. — D Industrie Cktmtqite^ 
lay, 1921. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY- 
Or dinary Meeting^ June 23, 1921. 

'ROF. C. S. Sherrington, President, in the Chair. 

"HE following papers were read : — 

"A Study of Catalytic Actions at Solid Surfaces. 
V . — Surface Area and Specific Nature of a 
'atalyst: two Independent Factors Controlling 
he Resultant Activity By E. F. ARMSTRONG, 
and T. P. Hilditch. 

The influence of the surface area of a nickel 
atalyst on its activity has been traced by ex- 
mination of the bulk gravity of various types of 
atalyst : there exists a qualitative relation be- 
ween bulk gravity and catalytic activity, the 
lost efficient catalyst occupying the greatest 
olume per unit mass. 

The rate of reduction in hydrogen of nickel 
xide prepared in various vrays has been examined 
t various temperatures. A light nickel oxide pre- 
pared from the precipitated hydroxide gave curves 
hydrogen consumption/time) showing faint points 
f inflection at stages of the reduction which 
aried with the temperature of reduction; whilst 
ense, fused nickel oxide gave a smoother curve, 
nd nickel hydroxide deposited on kieselguhr as a 
upport showed a smooth, continuous curve. 

The reduction curves are evidently related to 
he physical conditions (state of the oxide and 
emperature of reduction) rather than to the 
ormation of any definite compounds intermediate 
Q composition between nickelous oxide and 
lickel. 

When d. support (kieselguhr) is overloaded with 
lickel hydroxide and reduced so that varying pro- 
portions of the nickel are in the metallic state, 
he catalytic activity, measured by the hydrogena- 
ion of the unsaturated glycerides, increases 
apidly to a maximum value, which is maintained 
hereafter until and when all the nickel hydroxide 
tas been reduced to the elementary state. 

The data given indicate that the activity is 
lominated by the condition of the surface layer 
if reduced nickel, since it is obviously this part 


of the mass which will be first reduced by hydro- 
gen to the metallic state. 

Contribution to the 7 'kermodynamical Theory 
of Explosions — Part L; and Part //. — A Contru 
button to the Tkermodyyiamical Theory of Ex^ 
losions^^ Part L by Sir J. B, HENDERSON, D.Sc. 
Part II. by Sir J. B. HENDERSON and Prof. H. R. 
Hasse. 

In this paper modern advances in Chemical 
Thermodynamics, dealing with dissociation of 
gases and variation of their specific heats with 
temperature are applied to the science of internal 
ballistics, which has been in the past mainly em- 
pirical. Direct experiments on specific heats of 
gases are limited to temperatures below 1500® C., 
and extrapolation, based upon Thermodynamic 
Theory and extending to temperatures of 3500® C. 
and pressures of 20 tons/in.®, tests the theory 
severely. 

Part I. of the present paper, written in 1913-14 
by one of the authors, contains the application of 
these theories to the calculation of the explosion- 
pressure of cordite in closed vessels, the results 
being in remarkable agreement with experiment. 
It also contams the calculation of the curve of 
adiabatic expansion of the products of explosion 
by considermg a series of states of equilibrium 
and, following thereon, the ideal indicator dia- 
gram of a gun. 

During the war confidential publication took 
place, and the curve of rise of pressure and the 
maximim pressure allowing for burning of 
cordite in parallel layers and for varying capacity 
of chamber during burning, due to movement of 
the projectile, were then calculated by the authors. 
The results have proved very useful in practice. 
They enable the indicator diagram of gun, maxi- 
mum pressure, and muzzle velocity of projectile to 
be calculated with remarkable accuracy from the 
chemical composition of explosive used and rate 
of burning of the cords. They also show the 
effects, qualitaiive and quantitative, produced by 
variations in the different variables, initial pres- 
sure, density of loading, temperature of charge, 
diameter of cords, &c., and place internal ballis- 
tics on a better scientific foundation than for- 
merly. Method and results are also applicable 
to internal-explosion engines using gas or oil 

^^Eddy Current Losses in Cylindrical Con- 
ductors. with Special Applications to the Altern^ 
ating Current Resistances of Short CoilsP By S. 
Bdtterworth. 

The general theory of the eddy current losses 
produced in a non-magnetic metallic cylinder 
when placed in a transverse field of any form is 
developed, and a general series is obtained ex- 
pressing the eddy-current losses. 

From this series conclusions are drawn in re- 
gard to the modification of the losses by the want 
of uniformity of the field over the section of the 
cylinder. 

The theory is applied to obtain an approximate 
solution of the problem of the effective resistance 
of two equal parallel wires carrying equal cur- 
rents either in the same or in opposite directkms. 
The formula obtained is shown to be in good 
agreement with Kennelly’s experimental r^uits; 

The “uniform field” theory is applied to deter- 
mine the effective resistance of parallel wire 
systems, and, by calculating the mean square 
field acting throughout the section of the coil, 
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formulas are obtained for the effective resistances 
of single- and multi-layer solenoidal coils either 
of solid or of stranded wire. 

The theoretical results in the case of single- 
layer solid wire coils at high frequencies are com- 
pared with measured values. 

From the theoretical formulae conditions are de- 
duced in regard to the shape of coil and spacing, 
to employ which will produce the maximum value 
of L/R' for a given length of wire of given dia- 
meter. 

Solid wire coils^ are compared with stranded 
wire coils, both being wound under the most effi- 
cient conditions. 

The observed inferiority of stranded wire coils 
as compared with solid wire coils at high fre- 
quencies is due to the lack of internai spacing of 
the strands of the coils making the the best con- 
ditions unattainable. 

The theoretical conditions for the miniinum 
effective resistance of a many-layered coil of given 
inductance and resonating with a condenser of 
given capacity are worked out. 

^'The Currents induced in a Cable by the Pas- 
sage of a Mass of Magnetic Material over UP By 
E. S. Bieler. 

The electromotive force induced in a cable by 
the passage of a mass of magnetic material over 
it is investigated in the case where the mass is in 
the form of a spherical shell. The deflection of 
a critically damped galvanometer in series with 
it is deduced. 

The results of the theoretical investigation are 
compared with those of experiments carried out in 
the laborato^ on a small scale, and good agree- 
ment is obtained in each case. 

In conclusion, the theoretical results are used 
to determine the law of variation of the galvano- 
meter with different factors, and the relation be- 
tween the galvanometer deflection and the E.M.F. 
which produces it. 

^^The Exferhnental Analysis of Sound in Air 
and Water: so 7 ne Experiments towards a Sound 
SpectrumP By Guy Barlow, D.Sc., and H. B. 
Keene, D.Sc. 

The original sound vibration gives rise to an 
electric current of telephonic magnitude, which is 
then analysed by a - method of periodic inter- 
ruption, whereby the frequencies and relative 
amplitudes of the constituents may be determined, 
and a “sound spectrum” constructed. A specially 
controlled motor-driven interrupter, with a range 
of interruption frequency from 3 — 2000/ sec. is 
placed in series with a Broca galvanometer in the 
circuit containing the alternating current to be 
analysed. The speed of the interrupter is then 
slowly varied over the whole range of frequency 
under investigation. When the interruptions syn- 
chronise with any component of the current, the 
galvanometer responds by giving a steady deflec- 
tion whose magnitude depends on the phase differ- 
ence^ and this latter can be adjusted to give the 
maximum response. In this way the amplitude 
of each component may be determined, and at the 
same instant the corresponding frequency is ob- 
served stroboscopically. 

Experiments are made (i) to test the reliability 
of the method by analysing alternating currents 
containing known constituents; (2) to analyse 
different types of sound in air, using both carbon 
microphone and magnetophone receivers; (3) to 
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analyse sounds in water (in a reservoir), for which 
special sounders and receivers are constructed and 
describe. The variations of the sound spectrum 
with distance, depth, and direction are investi- 
gated, and the spectrum of a motor-driven boat is 
obtained under various conditions 

*^The Theory of the Analysis of an Electric Cur- 
rent by Periodic hiterruptionP By Guy Barlow, 
D.Sc. 

This paper contains a mathematical treatment 
of the methods of periodic interruption used in the 
experimental analysis of sounds described in the 
previous paper, together with an expansion of the 
effects of periodic interruption on the intensity and 
quality of sounds heard in a telephone. 

SOCIETY OF GLASS TECHNOLOGY. 

The last meeting of the Society of Glass Techno- 
logy for the session 1 020-21 w^as held in the 
Applied Science Department, The University, 
Sheffield, on Wednesday, June 15, 1Q21, at 2.30 
p.m., the President, Dr. MORRIS W. TRAVERS, 
F.R.S., in the Chair The initial formal business 
included the election, under rules recently 
adopted, of Prof. P, G. H. Boswell, O.B.E., 
D.Sc., D I.C., F.G.S., Professor of Geology in the 
University of Liverpool, as the first Honorary 
Member of the Societ^L 

The meeting resolved itself into a discussion on 
the subject of “Oil Firing in the Glass Industry.” 
The President, in opening the subject, said that he 
would restrict his own remarks to the considera- 
tion of the efficient utilisation of energy in two 
types of furnaces. If one purchased oil or coal, 
one actually purchased energy which might, or 
might not, be represented by the calorific value 
of the fuel. What one leally had to coaaj^icT'Si^- 
the energy available f ^ for other 

He showed, by means of thermo-chemical cal- 
culation that the relative fuel efficiency of a fur- 
nace in which the oil was burned with air at the 
ordinary temperature, and of a furnace in which 
coal -was first gasified by air with only a little 
steam, the gas being burned with air at ^ the 
ordinary temperature were practically identical. 
That non-regenerative glass tanks fired with oil 
were preferred to those fired by gas was due to 
the fact that small gas-fired tanks were probably 
inefficient. He left the consideration of such 
questions as capital cost, working expenses, and 
control to other speakers. 

In oil-firing practically the whole of the air 
could be pre-heated, but in gas-firing only the 
secondary" air could be pre-heated, so that a re- 
generative oil-fired furnace was more efficient than 
a furnace in which the secondary air was pre- 
heated. Other conditions being equal, the ratio 
of the efficiency of the oil and gasified coal 
systems was, as 1*37 to i. The results might be 
summed up as follows : — 

Net calorific Cost in London Efficienc;yof Relative 
value. per ton. combnstxon. cost. 

Oil 10500 105/- 1*37 1*20 

Coal 7420 45 /- 1*00 1*00 

This did not take into account the other factors to 
which he had referred which favoured the use of 
oil. 

Mr. J. Connolly remarked that one of the 
chief points to be considered was the price of the 
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Oil. It had undoubted advantages in respect of ease 
of handling, reduced storage room required, less 
staff, and less expensive furnace construction 
He had run an oil glass furnace for four years. 
It worked with fewer breakdowns and stoppages, 
and more pleasantly than any other method. At 
the end of that period, however, the price of oil 
was “gingered up,” and the use of the oil was 
abandoned. The adaptability of oil to glass wwk 
had been demonstrated, and was past argument, 
but he did not think they would get a higher effi- 
ciency with oil than with coal, so long as there 
was a great difference in price. There was a more 
steady dependence on the price of coal than of oil. 

Mr. J. H. Steele thought that oil had not been 
given a fair chance in the glass industr^L His 
own experience of it was very satisfactory' It 
was unusual, how’ever, to find a glass furnace pro- 
perly adapted to oil consumption. He had knowm 
better results to be obtained from the use of crude 
oil or creosote than from fine petroleum of high 
calorific value; a fact which indicated that the 
furnaces in use were not satisfactory. 

Mr. F. G. Clark spoke of the use of “glory 
holes” fired by oil. The best results were obtained 
from crude creosote oil, partially heated, and 
compressed air at about 15 lb. to 2olb. pressure per 
square inch. In making 8oz. bottles on a 7i-hour 
shift, some 3*92 gallons of oil were used, at a 
cost of 4s. 3d. per shift. When two chairs were 
working at one glory hole, the cost -worked out at 
about 2s. 2d. shift. Gas did not yield the 
temperature desired, and creosote oil gave a fuller 
and “fatter^' fiame than did petroleum. Conse- 
quently the neck of the bottle was heated up more 
imiformly, and much better finished -work was 
produced. 

Mr. G. F. Lawton described a simple oil burner 
that had yielded good results. In one power 
station i ton of oil was apparently equivalent to 
about 2i tons of coal. They must consider very 
carefully the construction of the furnace and the 
proper application of the oil. 

Mr, J. Venn Stevens pointed out the advan- 
tages of oil fuel for glass furnaces. It was clean 
to use. Besides, the flame came into direct con- 
tact with the glass without producing any dis- 
colouration or deterioration. The temperature 
could be maintained uniform, thus saving many 
articles wffiich would be ruined by the fluctuations 
of temperature due to unsteady firing. 

Mr. A. Bayliss remarked that the Aquitania had 
in the stokehole 350 men when fired with coal, 
but only 84 with oil fuel. With solid fuel the 
efficiency might range from 50 per cent to 65 per 
cent. In the case of oil fuel the efficiency might 
be as high as 85 per cent. In addition, there was 
instantaneous ignition and extinction. The free- 
dom^ from sulphur in the gases formed by com- 
bustion was an important point for glass workers. 

Mr. W. H. Casmey referred to the very great 
potentialities of oil when mixed with inferior 
qualities of solid fuel. Im one case by taking 3 
tons of coke breeze (at 12s. 6d. per ton, calorific 
value 10,000 B.Th.U.; and one ton of oil fuel, a 
combined fuel of 12,000 B.Th.U. was secured, 
equalling 37s. 4d. per ton, and capable of giving 
an evaporation of 5301b. per is,, or nearly 
2,ooolb. more evaporation per ton than with coal 
only at 40S. per ton. 

Mr, W. J. Rees thought It was very necessary 


for some reliable figures to be obtained showing 
how efficient coal-firing was compared with oil- 
firing. 

Prof. W. E. S. Turner read a communication 
from Messrs. Stem & Atkinson, Ltd., and a dia- 
gram was exhibited and explained showing the 
proposed design of a combustion chamber for the 
oil-finng of a glass tank furnace. Prof. Turner 
also read a communication from Messrs. Shell- 
Mex, Ltd., in the course of which it was stated 
that there were very few oil-fired pot furnaces in 
this countr^^ The few that had been tried had 
not been entirely successful, the chief trouble 
being tbe cracking of ix>ts. This ivas due to ex- 
cess of heat in one particular place on the pot, 
causing unequal expansion. A method of avoid- 
ing this was suggested. 

The discussion was continued by other speakers. 
Burners or drawings of plants were also exhibited 
by the following firms .Messrs. Alldays & Onions, 
Ltd., Birmingham, Anglo-American Oil Co., Ltd., 
London, Holdsworth & Sons, Ltd., Bradford, 
Kermode^s Ltd., Liverpool, Lawton Machine Tool 
Co., Sheffield, White Patent Oil-burning Co., 
Ltd., South Shields, J. Samuel White & Co , Ltd., 
Cowes, Isle of Wight. 


PHYSICAL SOCIETY. 

June 10, 1921. 

Dr. C. H, Chree, F.R.S,, Vice-President, 
in the Chair. 

A LECTURE on ^^Tke Stability of Atonis^'* was de- 
livered by Prof. Sir Ernest Rutherford, F.R.S. 

The lecturer commenced by referring to the 
earlier work in which attempts at the disintegra- 
tion of atoms had been made. Traces of hydro- 
gen and helium had been found in discharge tubes 
believed to be initially free from these gases; but 
It was clearly impossible to establish that no 
source of contamination was available, and that 
the results -were due to dismtegration of the atoms 
of other substances. 

The properties of the nucleus atom were then 
recalled and the method of attack most likely to 
succeed in" breaking it up was discussed. It is 
easy to remove electrons, but these are replaced 
almost immediately and the atom remains as 
before. 

It is necessary therefore to attack th enucleus, 
and to do this successfully requires extremely 
swift particles. 

Slides were shown illustrating the effects pro- 
duced when a-particles fired through hydrogen 
collide with an atom, and experiments were illus- 
trated and described from which the conclusion 
had been drawn that when an a-particle collides 
with a nitrogen atom, a hydrogen atom is expelled 
from the nucleus. The speed of these is m ex- 
cess of what can be obtained by collisions in hy- 
drogen gas itself, so that the result cannot be 
accounted for by contamination of the nitrogen 
-with hydrogen, but must be due to the disintegra- 
tion of the nitrogen nucleus. 

Recent results on the disintegration of alumin- 
ium and other elements were briefly indicated. 

The Chairman expressed t]|e thanks of the 
Society to SIR ERNEST Rutherfqrd for his 
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address. Queries were put by Dr. Andrade, Dr. 
Owen, and Dr, Rayner, to which the Lecturer 
replied. 


OBITUARY. 


MINERALOGICAL SOCIETY. 
June 21, 1Q2I. 


Dr. a. E. H. Tutton, Past-President, 
in the Chair. 


“A Note on Crystal MeasuremenV^ Bv Dr H 
Hilton. 

I-t was pointed out that considerable labour could 
be saved by measuring the angles between zones 
through two faces instead of the angles betw^een 
zones through one face and the angels between 
this face and the rest. A point of geometrical in- 
terest in connection therewith was also discussed. 

Trend of Recoyistituiion Processes in 
Shales^ Slates^ and PhyllitesP By A, Brammall. 

The author correlates microscopical data with 
data deduced from chemical analyses. The finely 
pow^dered rock is extracted with (a) 20 per cent 
hydrochloric acid; (b) 50 per cent hydrochloric 
acid, and these extracts are analysed and dis- 
cus^ with reference to the molecular proportions 
of the ^ses present. The residual slime is treated 
with dilute hydrofluoric acid, freed from silica 
gel, and thoroughly washed. Free carbon par- 
ticles are floated off by the froth produced on 
vigorously shaking up the slime in a flask half 
full of water, to which a few drops of amyl alco- 
hol, paramn, and sodiu msilicate have been added. 
Samples of coarse-grade and fine-grade sericite 
are separated by elutriation and analysed. Heavy 
or insoluble residues are obtained and examined, 
in this paper, data referring to Bolivian rocks 
(collected by Dr. J. W. Evans), and, for com- 
parative purposes, to the Skiddaw Slate, are dis- 
cussed. Work on the rocks of North Devon and 
North \Vales is m progress. Trend, in general, 
is towards the establishment of a metastable ter- 
nary system of white mica, chlorite, and quartz, 
by a process of molecular differentiation : (a) 
Monad-oxides, type R^O allied with alumina 
silica and water (mica); (b) diad-oxides, type RO, 
alned with alumina, ferric oxide, silica and water 
(chlontic matter); and (c) free silica (quartz). 
In the early stages this differentiation is imper- 
Te<^ ; me mica contains iron oxides, magnesia dec 
and the chloritic matter adsorbs alkalies. ' The 
identity of mineral species evolving from the 
chlontic niat^r depends partly upon the molecu- 
lar ratio R^O, : RO, and this in turn depends 
partly upon the reduction of ferric oxide to fer- 
rous oxide. The development of rutile, ilmenite, 
epidote, &c., is probably subordinate to the main 
trend. 

liock-Gytsum of 

Nottinghamshire.^ By \V. A. Richardson 

Microscopic examination reveals a wide ranc-e ! 

including many metamorpluc 
q™ vt .1, evidence supports the view of B. i 

k*® sedimentary ori- - 

nod^ar deposits are segrega- 
metai^rphic effects appear to be due 


Mr. A, P. SINNETT. 

We regret to announce the death of Mr. A. P. 
SiNNETT, Vice-President of the Theosophicai 
Society, which took place at his residence in Lad- 
broke Grove, on June 25. Mr. Smnett was an old 
friend of Sir William Crookes, and a well-known 
writer on theosophicai matters. For many years 
he has been a familiar figure at the meetings of 
the Royal Institution. He was of a quiet, kindly 
disposition, and was respected and esteemed even 
by those who failed to agree with many of his 
conclusions. 


CHEMICAL NOTICES FROM FOREIGN SOURCES. 


Com^tes Rendiis Hehdomadaires des Seances de 
VAcademie des Scie^ices. Vol. clxxii. , No. 25. 

^^Absorption of Oxides of nitrogen by Nitric 
and Sulphuric Acids.'^ — By A. Sanfourche. 

‘^New Magnesium Hydraulic Cement ” — By 
A-Ch. Vournazos. 

"Catalytic Decomposition of some Poly halogen 
Aliphatic Hydrocarbons.” — By Alphonse Mailhe. 

"Catalytic Decomposition of Bromacetic Acids, 
and of some mixtures of Bromine and Acetic 
Acid,^^ — By J. B. Senderens and J. Aboulenc. 

“Distribution of the Saline Substances and the 
Mineral Elements in Milk.” — By Ch. Porcher and 
A. Chevallier. 


NOTES. 


Royal Institution — A General Meeting of the 
Members of the Royal Institution was held on the 
4th inst., Sir James Reid, Vice-President in the 
Chair. Miss F. E. 1 . Smythe and Mrs. K J. 
Webbe were elected Members. The Chairman 
announced that the Managers had re-elected Sir 
James Dewar Fullerian Professor of Chemistry. 

The Library of the Chemical Society will be 
closed for Stocktaking from August i to 13 in- 
clusive, and will close each evening at 5 o^clock 
from August 15 to September 10. 

The recently-formed Glass Research Association 
has issued its first bulletin in the form of a con- 
fidential communication to its members The 
publication consists of a booklet of some 43 pages, 
well illustrated with photographic reproductions, 
and constitutes a fine record of work. Papers 
upon the cause of Cords in Glass, the nature and 
cause of Bloom and Dimming on Lamp-blown 
Glassware, new Microfurnace for Glass Examina- 
tion at High Temperature, and the purification of 
Mercury for use in Thermometers, are recorded. 
Notes on Abrasives, the effect of Chlorides on the 
Melting and Working of Lead Potash Glass, Re- 
fractones, &c. Experimental work in glass- 
making upon a large scale will be carried out at 
the ShefSeld University under the supervision of 
the Director or Research, Mr. R. L. Frink, in 
collaboration with the members of the various re- 
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search committees that have been foinned to deal 
with special questions. The Association appears 
to be dealing with the important problems of the 
British Glass Industry in a practical way, and 
the result of its labours will have great influence 
upon the future of British glass manufacture. 

An Exhibition, to take place at the Crystal 
Palace between September 1 and October 22 is 
being organised, with the title of the “Co-Partner- 
ship Exhibition,” and one of its objects is to re- 
cord the remarkable movement that has been 
made in recent years to promote industrial peace 
between employers and employed. 

We learn from the Scientific Americmi that Dr. 
Charles Benson Davis, of New York City, claims 
that he can make the Elements, gold, silvei, 
copper, and platinum by transmutation of the 
common element. Dr. Davis is said to be a 
Fellow of the more important English and French 
Scientific SocietieSj and has requested the En- 
gineering Foundation in New York Cit\ to in- 
vestigate his claims. We shall naturally be in- 
terested to hear the result. 

We have received from the Managing Director 
of the British Road Traffic Association a copy of 
the new Motor Time Table, the Motor A.B.C., 
which gives full particulars of the daily motor 
service, compiled in such a way that it is per- 
fectly simple for anyone wishing to travel by 
motor-coach to find in a few minutes exactly what 
services are' available on the route he wishes to | 
use, the starting point, starting time, fares, and 
booking office for each coach, and he is able to 
make his arrangements with the least possible de- 
lay or worry. This method of travelling is be- 
coming increasingly popular, and great changes 
will undoubtedly take place in the near future 
In addition to motor services, the A.B.C. gives, 
the Aeroplane facilities, together with fares, &c. 
The Motor-Coach A.B.C. is published by Messrs. 
E. J. Larby, Ltd., 30, Paternoster Row, E.C., 
price 6d. 

The Telephone Service. — Messrs. Geo. 
Wheatley & Co., Ltd.j have published and will 
supply free on application to their London Offices, 
PS, Upper Thames Street, a useful little booklet 
showing at a glance the new method of “charging 
by distance” between subscribers connected with 
the Exchanges within the inner London Zone, as 
well as the cost of a call to points outside the 

limit within a radius of 25 miles of Lrondon, 
and other data of value. 

Refractory Material. — Roast recommends a 
mixture of Green wille magnesite burnt at I700® C. 
and magnesium chloride as an excellent refrac- 
tory^ material. One application of magnesite is for 
manufacturers of Sorel cement a mixture of mag- 
nesia and chloride of magnesia forming a vitreous 
block of oxychloride. Substances like sawdust or 
sand can be incorporated to make very sound, 
strong floors without grooves, It is also em- 
ployed for manufacture of magnesia bisulphite to 
prepare wood pulp for paper, precipitated carbon- 
ate of magnesia for pharmaceutic products, in- 
sulating steam pipes, and finally, as a base in 
electrolytic preparation of magnesium for alloys, 
especially with aluminium. Ckimiqtia^ 
March, 1Q21, 


Foriaation of Hevea Latex in the Hevea 
Brasiliensis. — The globules of latex, accord- 
ing to W. Bobiloff [Archief Rubber CttlUtur^ 
1OIQ5 3374)3 derived from the mature parts 
(trunk, &c.) of the Hevea, usually com- 
prise four kinds, viz., (a) round, very small 
globules, diameter 0*5/4; (b) round, larger glo- 
bules, diameter i — 2/4 ; (c) pear-shaped globules 
with tail, diameter 1*5 — 2/4; (d) pear-shaped glo- 
bules, diameter 1*5 — 3/4. There are only very* 
small round globules in the branches, leaves, and 
young roots. M. Bobiloff concludes that the latex 
in new branches is quite independent of that in 
the remainder of the tree, and that the latex forms 
in the laticiferous tissue itself . — Le Caoutchouc^ 
February 15, ig2i. 

Chemical Action of Light. — At the request of 
Ciamician and Silber, Sig. E. ^ Sarnagiotto made 
researches on the chemical action of light The 
results are summarised as follows. The property 
of autoxidation of oxalic acid in light is asso- 
ciated with oxidation of ethyl alcohol and gly- 
cerin. Thiophene imdergoes autoxidation in light. 
Dibenzyl and benzophenone are condensed m 
benzophenone-pinacone and triphenylbenzyl- 
ethanoL Quinone and toluene reacted under the 
action of light in a confused way. However this 
may be, the quinone vras transformed into a browm 
resinous mass accompanied by some crystals of 
hydroquinone and quinhydrone. Toluene left 
traces of benzoic aldehyde. The acetone and 
amyl alcohol gave a resin and various com- 
pounds : (i) Dimethylisobutylenic glycol; (2) Iso- 
propylbutylcetone ; (3) Diisobutylethylenic glycol. 
— Gasz, Ckim. Ital. 


WSfl COHPANIES. 


The under-mentioned pardoulare of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Cliancery 
Lane, W.C.2. 

Faulkner's Drug Stores, Limited. — (175308) — Registered 
21st June, 1921. I, Church Street, Cobham, Surrey. To acquire 
and carry on the husmess trf Dn^ Stores. Nominal Capital : £500 
in 500 Ordinary Shares of £1 ^ch. Directors . H. B, Faulkner, 
I, Church Street, Cobham, Surrey ; ^Managing Director) ; 
H. Ivimey, 4, Priory Road^ Hastings; L. Whitehouse, 3x9, Stratford 
Road, Sparkbrook, Binms^am. Qualihcaiion of Directors: 1 
Share. Remuneration of Directors: To be voted by Company. 

Morgan Brothers (Chemists), Limited.— (175381)— Registered 
24th June, 1921. X, Strand Buildings, Ystradmynacl^ GJar^gan- 
shire. To acquire and oapyr cm the business of Chemist and Drug 
Store Proprietor. Nomium Ca^tai: £2,000 in 2,000 Ordinazy 
Simres of £i each. Directcars: To be appointed by Subscribers. 
Ooalidcatlon of Directors : i Share. Remuneration of Directors : 
To be voted by Crmapany. 

James Johnstone & Company, Limited.— (175353)— Registered 
23rd June, 1921. Abbey Hey Lane, Gorton, Manchester. To carry 
on the business of Chernies, Druggists, Oil and Colourmen, etc. 
Nomimal Capital : £2,000 in 2,000 Shares of £i each. Directors : 
James Johnstone, 133, Hyde Road, Gorton, Manchester. (Paint 
Manufacturer); John Johnstone, 13a, Hyde Road, Gtorton, Man- 
chester (Paint Manufacturer). Qualification of Directors: £50, 
RemuneraticHi of Directors : To he voted by Company. 

H. J. Parsons, Limited.— Registered asnd June, 1921. 
Market Place, East Street, limims^. To acquire and carry on th^ 
business of General Cherniy and Druggists- Nominal Capital : 
£2,000 in 1,500 0«Knary Shares and Soo 8 % Preferred ^^iiar^ of £i 
each. Directors: H. J. Par^s, East Street, Ihninster; t. J. 
Moi^gan, The Butts, Ilmzns^. Qualt£k»tion cf Directcffq: i. 
Share. Remanerafion of Directors : To be voted by CtNnphs j. 

Shepperleys, MANUFACTuRjNd Chemists, Limited.— <175290) — 
Registered 20th June, ipti. To acquire and carry on the business 
of Wholes^e and Retail Chepast^and Druggist. Nominal Capita! : 
£30,000 in 30,000 Preferred Slagaes and r<\oo© Chrd^iary Sh^es of £t 
each. Minimam SubeoriptioB: 7 Shares, Direotorls: J, R. l^esE 
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Waleswood Coking Company, Limited. — (175205) — Registered 
20th June, 1921 Waleswood Collenes, Near Sheffield To acquire 
and take over as a going concern the business of Manufacturers of 
Coke and Residuals or by-products ot Coal heretofore carried on by 
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Latest Patent Applications 

16320— Chambers, E V.— Treating waste, etc,, liquors containing 
ferrous chloride. June 14. 

16526— Maeder, H.— Process for preparation of tropinone-mono- 
carboxylic acid esters. June 15 

16743 — Man, W — Manufacture of concentrated hydrogen peroxide 
solution. June 17. 

16248— Toniolo, C — Drymg or eliminating water vapours from 
nitnc or nitrous acid vapours from gases denved from 
oxidized ammonia. June 13 

16265— Volart y Jubany, R —Manufacture of hydrochloric acid. 
June 13. 

16368— Durand & Huguemn Akt-Ges.— Manufacture of halogen 
derivatives of basic acridine dye-stufis June 18. 

Specifications published this Week. 

164374— Dreyfus, H. — Manufacture of cellulose derivatives. 

164384— Dreyfus, H. — Manufacture of products having a basis of 
cellulose derivatives. 

137529— Biel ouss, E. — Process, for the production of amino- 
compounds from trinitrotoluol. 

164627— Unione Italiana fra Consumatorie Fabricani Di Concumie 
Prodotti Chemical & Sonneck, A. — Manufacture of sul- 
phuric acid. 

Abstract Published this Week. 

Catalytic Hydrogenation of FatSy etc . — Mr, E. R. Bolton of 
Milner Street, London has obtamed a Patent No. 162370 for an 
improved treatment of fats, etc,, in which the catalyst for use in the 
hydrogenation of fats or oils consists of nickel wool which has 
been activated by the action of an acid such as nitric acid upon its 
surface, followed by conversion of the layer of nickel salt to oxide 
and reduction in hydrogen. The reaction chamber is packed with 
the activated nickel wool ahd the oil and hydrogen passed through 
in counter-current. After use the catalyst is regenerated by first 
removing nickel soaps by washing with the hot oil, then removing 
the oil by solvents and finally heating in hydrogen. According to 
the provisional Specification the nickel wool may be activated by 
alternate oxidation and reductipn, the catalyst may be electrically 
heated, and a number of reaction vessels may be arranged in series 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and vnll forward on post free for the official 
price of i/- each. 


NO’^ES. 

EDITORIAJj* — All Literary communications and Books, Chemical 
Apparatus, &c., for review or notice to be addressed to the 
Editor. 

SUBSCRIPTIONS, £1 12s per annum, payable in advance, should 
be addressed to the Manager. 

B&CK NUMBERS and VOLUMES can be purchased on application 
to he Manager, 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 

ADYERTISEMENTS. 

All communications for this Department should be ad 
dressed to— 

T. G, SCOTT & SON. 

63, Ludgate Hill, London, E C.4. 


THE UNIVERSITY OF MANCHESTER 


^HE Council is about to proceed to the 

J- APPOINTMENT of a SENIOR LECTURER or LEC- 
TURER, according to qualifications, in PHYSICAL 
CHEMISTRY, who would be expected to enter on his duties on 
September 29th, 1921 Commencing stipend ^400 and ;£350 per 
annum respectively. Further particulars may be obtained from the 
Internal Registrar. 

Applications, giving three references, should be sent to the 
Internal Registrar not later than July 18th. 

Testimonials (one copy of each, which need not be printed) 
may be submitted. 

A NEW OR IMPROVED PROCESS OF SUBSTITUTING 
HALOGENS FOR THE AMINO GROUPS IN 
ALIPHATIC AMINES, No. 132245. 

'T'HE Owners of the above Patent are desirous 

of arranging by license or otherwise on reasonable terms for 
the manufacture and commercial development of the 
invention. 

For particulars address : — 

‘ HERBERT HADDAN & Co., Chartered Patent Agents, 

31 & 32, Bedford Street, Strand, London, W C.2. 
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^ HEM 1ST with over 5 years general 

analytical experience, public analysts and works, 2 years 
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PAPER-PULP SUPPLIES* FROM INDIA.* 

By WILLIAM 'RAITT, F.C S 
Cellulose Expert to the Government of India, attached to the 
Forest Research Institute, Dehra Dun, India 

It is a commonplace observation now that the 
question of the world’s paper supply has arrived 
at an acute stage. We see it referred to in more 
or less lachrymose tones in almost eyery news- 
paper we take up. Our pockets test it daily in 
handing out twopences instead of pennies; the 
fivepenny five-quire packet, with twopence for 
twenty-five envelopes, and the halfpenny news- 
paper have disappeared ; and we are studying 
economy in a direction we never thought of 
before. 

In 1913, the world’s consumption of paper was 
estimated at ten million tons annually, increasing 
at the rate of 25 per cent every ten years. It must 
be now nearly twelve millions, or would be if 
the supplies were available. Of this about 80 per 
cent is produced from wood — coniferous wood, 
and preferably spruce. In 1Q13, although there 
had been a slow but gradual appreciation of 
values during the previous ten years, it was still 
possible to deliver chemically-prepared pulp in 
this country at £9 to and mechanically- 

prepared, or ground wood-pulp, at £s los. to £6 
per dry ton. and newsprint paper could be pro- 
duced for a penny per pound. Now values are 
four to five times these figures. The causes stated 
m order of their importance from lesser to greater 
are these ; — 

{a) The slow but gradual rise of values in pulp 
and all that it depends upon, dating from the 
period of lowest prices, about fifteen years ago. 
During the war this was, by reason of controls, 
restrictions, and reduced consumption more or 
less in suspense, but has now fallen on the indus- 
try with five years’ cumulative effect. 

(^) The universal appreciation in value of tim- 
ber for constructional purposes. The sawmill is 
now a better market than the pulp factory. 

(c) Effects of the war in permanently increased 
costs for labour, freights, fuel, and noachinery, 
and equipment. 

{d) The total cessation of six years past of 
manufacturing expansion. 

(e) The demand for wood has outrun the 
supply. The trees will not grow as fast as they 
are cut. 

The last of these is the root cause of the trouble 
and is a constantly increasing menace. It does 
not necessarily imply that world’s stock of 
timber has been seriously deleted, but it does 
mean that forests most favourably situated for 
exploitation — the areas which produced the penny 
per pound newsprint — ^have l^en largely reduced 
in productiveness and in many instances destroyed 
for ever. Expansion in wood-pulp production 
must seek its supplies at greater distance and in- 
creased cost. Notwithstanding this, the new 
values of pulp, making all allowances for tem- 
porary inffation, render such expansion abun- 
dantly justified. How much "gi^ater, therefore, is 

' — — 

♦From Journal 0/ The Royal Society of Arts, Jisae 24^ (By 

permission). 


the justification for the introduction of a material 
which is one of Nature’s waste products, which 
reproduces itself naturally and rapidly, for which 
no sawmill competes, and which’ offers itself at 
Nature’s valuation, which is next door to nothing. 

So we ask ourselves the question, what can 
India do to fill the gap which has been created ? 
The answer is a great deal, though not so much, 
perhaps, as is sometimes assumed. When the 
threatened shortage of paper supplies began to be 
agitated, ^ some fifteen years ago, an eminent 
scientist issued what was intended to be a re- 
assuring statement to the effect that ''a paper 
famine was unthinkable, because paper could be 
made from any vegetable substance, and the 
world teemed with that.” The dictum was seized 
upon by the Press and circulated round the world, 
and, no doubt, brought comfort to many anxious 
consumers. But like many other assertions of 
many other eminent scientists, it was considered 
as cold fact, perfectly true, and at the same time, 
considered as a practical contribution to a difficult 
problem, i>erfectly misleading and fallacious 
Paper can be made from any vegetable substance, 
but money cannot, and the paper-maker has a 
quite natural reluctance to make paper unless he 
can transform it into bank notes. But our 
eminent scientist’s utterance gave rise to a whole 
I crop of wild-cat proposals to make paper from 
! everything, anything, and sometimes bordering on 
nothing. Nature, however, is not so* fantastically 
generous as that. He whom she would favour 
must delve into her secrets slowly, deeply, care- 
fully; hoping all things, proving all things, until 
finally he can hold fast to that which is good. 
This has been in essence the principle upon which 
the investigations of the Indian Forest Research 
Institute, to which I am about briefly to allude, 
have been carried cm. We have thought it more 
important in the early stages of our proceedings 
to save people’s money than to teach them how to 
make it, for nothing is more fatal to a promising 
industry than a disastrous failure at its start. 
At the same time, while paying considerable atten- 
tion to the how-not-to 4 o-it programme, and weed- 
ing out the ‘^duds,” w^ have met with encouraging 
success on the positive side. Our eminent scien- 
tist was an all-in, whole hog, hundred per cent 
man. We have knocked ninety-five off that, but 
remain quite pleased with the five which have 
survived. The truth is that out of the hundreds 
of thousands of species available, a large numl^r 
have to-be rejected because of the cost of isolating 
their cellulose, a, further large number because the 
cellulose is no good when you have got it, not to 
mention others which grow in economically in- 
accessible situations are too valuable for other 
purposes. The net result is that so far we have 
found only two snaall groups, both belonging to 
the Gramineae, which are economically sound as 
regards the quantity, and quality of d^eir cellulose^ 
and the manufaotring conditions under which they 
can he exploited. bamboos apd a few 

Savpmah grasses. But, though few in pumWr, 
in me. aggregate they mean something consider- 
able. It is, I think, a modest estimate to that 
from bamboo, taking that which is available . 
under fossible nqianu maturing conditions, Burma* 
Bengal, and india could produce tan 

million tons of annum, and* ffqm 

Savannah grasses^ three million. India couid^ 
thearefore* ; produce . 
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Consider also the growth conditions under which 
this is obtainable. To grow a spruce or fir tree 
of pulpwood size takes from 40 to 60 years, with 
the result that a factory which may at its start 
have its supplies at its back door finds these year 
by year receding into the distance with con- 
stantly increasing transport costs. Bamboos and 
grasses come to maturity as yearly or eighteen 
monthly growths, and all you have to be careful 
of is not to reduce the reproductive vigour of the 
plant by too frequent cropping. With bamboo 
this may mean a three to five year rotation of 
cropping, and with grasses two to three years. 
We must, therefore, have a sufficient area to ex- 
ploit to allow of these rest periods, but that only 
means that for a ten-thousand-ton pulp output 
per annum, with average figures for yield and 
rotation, a 205000-acre reserve will keep a factory 
going in perpetuance — a vastly different condition 
of affairs from those governing a wood-pulp in- 
stallation which lives on its capital from the start 
or must adopt a reafforesting policy, which re- 
acts badly upon costs. 

Bamboo for paper-making is no new suggestion. 
In the seventies the late Thomas Routledge, well 
known as the successful pioneer of esparto grass, 
experimented with it, obtaining encouraging re- 
sults as far ks quality and suitability were con- 
cerned, but failing on the econonaic side, partly 
because of its resistance to bleaching, but chiefly 
because just at that moment wood-pulp came in 
with a rush and more than filled the demand. In 
IQ05 Mr. Sindall, at the instance of the Govern- 
ment of India, carried out an extensive investiga- 
tion in Burma, with results considerably more en- 
couraging than those of Routledge, though still 
somewhat disappointing on the bleaching side, 
and, at that date, cheap wood-pulp still controlled 
the market. In ipog the Government of India, at 
the instance of Sir John Miller and Sir Robert 
Carlyle, who succeeded him as Member of Council 
for Revenue and Agriculture, deemed the time had 
arrived for a thorough enquiry into the whole sub- 
ject, and handed it over to the officers of the 
Forest Research Institute, then under the Presi- 
dency of Mr. R. S. Pearson, conducting the 
Forestry side. of it. The chemical branch was be- 
gun at the Allahabad Exhibition of igio, under 
the Presidency of Sir John Hewett, then Lieut. - 
Governor of the United Provinces, and the 
directorship of Mr. P. H. Clutterbuck, Conserva- 
tor of Forests, and afterwards continued at the 
Forest Research Institute. Hitherto the Insti- 
tute’s laboratory work has been supplemented by 
tests at paper mills, by the courtesy of their 
owners, but Government has new ordered in Scot- 
land a complete pulp and paper-making plant on 
a sufficient scale to permit of factory methods be- 
ing used. This is to be erected at the Institute, 
and will immensely reinforce its usefulness. I 
would like in passing to call attention to Govem- 
menfs policy in thus carrying out the enquiries 
initiated by Sir John Miller, Sir Robert Carlyle, 
and Sir John Hewett, as an evidence of its keen 
interest m the industrial development of the 
country. 

The chemical branch of the enquiry w^as begun 
under conditions considerably more favourable 
than those with which Routledge and Sindall had 
to work. The uncertainties on the forestry side 
had been largely cleared up by Mr. Pearson’s 
work, so there was no longer the risk of wasting 


time and effort on species and areas which he had 
shown to be of doubtful value. Considerable im- 
provements had been arrived at in digestion 
methods, and particularly in the recovery and re- 
use of soda from the waste liquors, largely re- 
ducing the cost of chemical treatment. In Rout- 
ledge’s time a recovery of 40 per cent was re- 
garded as good ; now from 80 to 90 per cent is not 
unusual Most important of all, market values 
of wood-pulp were no longer on the down grade, 
and the call for a new source of supply was be- 
coming insistent. The problems to be faced were 
mainly those concerned with the cost of bleaching. 
It was evident that the dark brown colour of the 
unbleached pulp hitherto produced was not its 
natural and unadulterated colour, which in care- 
fully prepared samples is a light grey, faintly 
tinted with brown. The dark brown was a degra- 
dation result produced by the re-absorption by the 
Cellulose — which, as evidenced by its use in 
blotting paper, is one of the most absorbent sub- 
stances known — of some of the complexes pro- 
duced by the combination of soda with the 
solubles in the raw material. The first step in the 
enquiry, therefore, resolved itself into the isola- 
tion and separate examination of these This re- 
sulted in the separation of the plant constituents 
into a series of groups, based on their degrees 
of solubility. Each of these groups is a complex 
one, exhibiting the group substance in several 
forms and types, all of which are of interest to 
the organic chemist, and upon which much valu- 
able work has been done by Cross and Bevan and 
others — ^in fact, it is upon the foundations laid by 
Cross and Bevan that our work has been built — 
but what interests the pulp manufacturer chiefly 
is the problem of getting^ into solution the non- 
cellulose constituents of his raw material. 

Proceeding on these lines, it was found possible 
to separate the plant constituents into four groups 
having marked and striking differences of solu- 
bility. In order of solubility beginning with the 
least resistant they are : — 

Group I. — Starch and its secondary and trans- 
formation products — all soluble in boiling water. 

, Group II. — Pectose soluble in one to two per 
cent caustic soda solution at boiling temperature 
Group III. — Lignin soluble in four per cent 
caustic soda solution at temperatures over 130® C. 
Group IV. — Cellulose^ the insoluble residue. 
An average analysis of bamboo on these lines 
will give results in round figures as follows ; — 
Per cent. 

Starch gioup 12 \ 

Pectose ,5 20 There is also a trifling 

Lignin ,, 15 amount of wax and silica in 
Cellulose ,, 53 ^ the cuticle which goes into 

solution with the Pectose 

100 group. 

The characteristics of the three soluble groups 
in their behaviour with soda are as follows : — 
Starch in its primary form gives a clear colour- 
less solution, but its quantity present in a total 
group content of 12 per cent does not exceed a 
sixth. The other 10 per cent of secondary starches 
form a dark brown nearly black solution of great 
pulp staining power. The ^e doses yield a dark 
brown staining solution which is gelatinous, and 
therefore powerfully resistant to removal by wash- 
ing prior to bleaching the pulp. The lignins give 
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a pale brown or amber coloured solution, clear, 
limpid, and not gelatinous, so that its faint stain 
is removable by washing. Now, since the raw 
material does not break down into pulp, and 
therefore into a condition 'permitting re-absorp- 
tion^ until the lignin has^ been removed, the next 
step seemed clearly indicated, viz., remove the 
substances which produce the objectionable stain 
on the pulp before you attach the lignin. It is 
fortunate that Nature has made her arrangements 
to facilitate such a separation process. She gives 
a beautifully graduated ascending scale of solu- 
bilities combined with a descending scale of stain- 
ing effects. Had the opposite condition prevailed, 
had the most resistant, lignin, been also the worst 
staining factor, we should have come up against 
a dead end. 

Cellulose and lignin in combination form that 
old acquaintance of our school days, woody fibre, 
yet the analysis is very dissimilar from that of the 
substance we usually describe as wood, which has 
a much larger proportion of lignin. The pectose 
group is replaced by a comparatively small con- 
tent of resins and gums, while the starch group 
is barely recognisable in a small percentage of 
mucilage. The large quantities of starch and 
pectose found in bamboo and in all Gramineae, are 
not in combination with the lignified fibre, but 
represent stages of transformation in the plant's 
laboratory of the primary food substance, starch, 
into the ultimate permanent products, lignin and 
cellulose.^ In_ speaking of lignm as a group, some 
qualification is necessary.- It certainly exists in 
several types of varying resistance, but not neces- 
sarily in the same plant. It is the substance 
which gives rigidity and resistance to the cellulose 
against the opposing forces of wind, rain, and 
decay, and it does not appear likely that Nature 
wastes effort in providing annual grasses with a 
protecting medium of the same resistance as that 
necessary for a tree which may live for centuries, 
and this hypothesis is borne out by facts. Thus, 
esparto grass, which exists for a few months, has 
only about 6 per cent of a lignin which is capable 
of reduction at temperatures below 130° C., and 
may even be dealt with by strong soda solutions 
and prolonged treatment at ordinary boiling tem- 
perature, whereas wood may contain as much as 
40 per cent of a lignin Which is strongly resistant 
to great density of soda at temperatures as high 
as 170° C. Bamboo, the life of which is not more 
than 30 years in the case of the longest-lived 
species, is provided with a lignin intermediate 
to these in quality, capable of attack at 130° C., 
although not fully soluble under 150® C. ; the 
difference between these figures being probably 
due to physical causes related to penetration of 
the reagent into a dense, compact, and colloidally 
protected structure. 

F rom these results we evolved the process which 
has been called Fractional Digestion, to distin- 
guish it from the earlier method of overhead di- 
gestion— "'overhead" in the sense that all solubles 
are dealt with together by a treatment drastic 
enough to secure the resolution of their most re- 
sistant member, and therefore, unnecessarily 
severe for the less resistant groups, which leaves 
the pulp steeped in a residual liquor, containing 
all the objectionable staining matter referred to 
Such a system has for long been recognised as 
saentifically unsound, and we think we have 


proved it to be also economically unsound. It 
must necessarily be conducted with a large and 
wasteful excess of soda, first, because the lignin 
IS not attacked until the digestion temperature has 
risen above 130® C., at which stage the starch and 
pectose groups have already been brought into 
solution, and have neutralised a considerable 
amount of the soda. That which remains will not 
be of sufficient strength to deal effectively vidth the 
lignin unless the original liquor contained a large 
excess In this connection it is well to bear in 
mind the effect which density has upon the activity 
of soda solutions. You may have present the 
total quantity of soda necessary to effect your 
object, but if it is distributed throughout so large 
a volume of water that density is reduced below 
a certain well-marked degree you will not get the 
result you wish. A notable example of this is 
provided in the mercerisation of cotton cloth. The 
minimum density we have found necessary to give 
rapid and effective resolution of the lignin of bam- 
boo is that represented by a 4 per cent solution of 
standard caustic soda, and it must be of_ this 
density at the point at which the attack on lignin 
is commenced. Under the limitations of the over- 
head method, it will not be of this density at that 
point unless it carried, at the beginning of diges- 
ion, a very large excess. Now, since the theoreti- 
cal quantity of soda required to neutralise the 
acid bodies, pectose and lignin, is only about 16 
to 17 per cent, it is evident that the overhead 
method, with its consumption of 25 to 27 per cent 
is -compelled to employ and to waste a consider- 
able excess. 

A second reason for the use of this excess is one 
also imposed by the defects of the method. It 
does, to some extent, check the pulp-staining by 
holding more thoroughly in solution the gelatin- 
ous pectoses. It is a common observation among 
paper-makers that the more soda used the less is 
the consumption of bleach. 

The best results hitherto obtained by the older 
method have been round about 26 per cent of soda, 
calculated on the raw material weight and 16 per 
cent, of standard English bleaching powder, cal- 
culated on the unbleached pulp weight. These 
we have been able to reduce to 19 per cent and 1 1 
per cent respectively, so chemical cost is now con- 
siderable below the best wood-pulp practice. Both 
sets of figures, for soda and bleach and for both 
methods, are subject to variations up or down of 
I to 2 per cent, in accordance with the slightly 
varying analysis of species. There is also a gain 
of 2- per cent in pulp yield in the fractional 
system, owing to its less drastic conditions of both 
digestion and bleaching, and a considerable 
saving in capital cost of the soda recovery plant. 
In the overhead system the wash liquors 
used in leaching out the spent soda from the di- 
gested pulp are staining liquors, and cannot be 
used again for digestion. They must go to the 
recovery plant, and as they are of low density they 
must be concentrated in an expensive multiple 
effect vacuum apparatus. As a result of the clean 
cut effected by the fractional method between the 
staining and the non-staining liquors the wash 
liquors can be used up in the chain of operations 
comprised in the regeneration of the re- 
covered soda and th^ charging of the diges- 
ters, Only the digestion liquors need go to 
the recovery* and these are of sufficient 
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density to be dealt with by a comparatively in- 
expensive concentrating and calcining plant 

In factory practice it is not necessary to deal 
with the starch and pectose groups separately. 
They can be extracted together by a one to two 
per cent soda solution — the water deals with the 
former and the soda with the latter — arid the 
liquor used for such combined separation is pre- 
ferably that previously used for lignin digestion 
as long as it contains sufficient free soda to effect 
the purpose. In quantity this is equivalent, for 
bamboo, to from 6 to 7 per cent on the raw 
material weight. The high temperature lignin 
resolution should, therefore, ^ be conducted with 
about 7 per cent more than is necessary for the 
lignin treatment, thus giving it the advantage of 
high density already alluded to and securing that 
the residual liquor from the operation shall con- 
tain sufficient free soda to effect the pectose re- 
solution in a subsequent charge of raw material. 
Both operation are, therefore, conducted with one 
volume of liquor, with obvious advantage to the 
recovery process, and there is also exhibited that 
curious property of some colloidal solutions that 
they are more effective solvents of another colloid 
than pure solutions The pectose resolution may 
with advantage in hastening the process be con- 
ducted at temperatures higher than boiling, as 
long as these do not approach the point at which 
lignin begins to be affected. As this is somewhere 
about 130° C., we can safely go up to 120® C. 

The figures given above are those resulting 
from the use of a “straight” soda liquor, that is, 
one manufactured from carbonate of soda, and of 
which the essential reagent is sodium hydroxide 
or caustic soda ; but the modification known as the 
sulphate system is equally applicable to fractional 
treatment and with results corresponding com- 
paratively for the two methods with those given 
above. With it the losses during the cycle of 
operations are replaced by crude sulphate of soda 
instead of carbonate, and the resulting digesting 
liquor contains caustic soda and sulphide of soda 
in the proportions of about three to one. For the 
overhead method it does possess advantages such 
as would compel us to use it were we tied to that 
system. These are ; — 

(a) The sulphide does more effectively deal with 
the gelatinous pectoses than caustic soda, and so 
to some extent checks pulp-staining. 

(b) The sulphide checks to some extent hydroly- 
sis of fibre at high temperatures by the caustic 
soda and so results in a slightly higher pulp 

, yield. 

Its disadvantages are ; — 

(c) Sulphide has little effect upon lignin, and to 
maintain the quantity of caustic soda necessary to 
deal with it the combined total of this and sul- 
phide is 2 to 3 per cent more than is required with 
‘‘straight” soda liquor. 

(^j Crude sulphate of soda contains considerably 
less real alkali than the usual commercial iorm of 
carbonate, which is practically a pure article; 
consequently a larger quantity of the former must 
be imported at a high freight cost. 

The objectionable odour it evolves would 
rule it out in populous districts, though this will 
probably not apply in the localities suitable for 
barnboo pulping. 

Since fractional digestion effectively gets rid of 
pectoses before the real digestion, that of lignin. 


r Chemical News 

L July i5i 


begins, advantage (a) is cancelled out and advan- 
tage (^) considerably reduced m value by the 
lower temperature at which it is conducted, so the 
choice between the two is reduced to a question 
of the relative costs of the actual soda contents 
of sulphate versus carbonate of soda 'plus the 2 to 
3 per cent alluded to in (c). Where freight cost 
IS high the lower soda content of sulphate and the 
additional 2 to 3 per cent referred to may quite 
possibly leave the advantage with carbonate, not- 
withstanding the lower cost of the former at its 
poin of origm. 

It will be evident from the above that our efforts 
have chiefly been along the line of soda treatment. 
Considering that bamboo is a grass exhibiting all 
the characteristic chemical constituents of grasses 
in general, and especially in the large content of 
unbleachable starch and pectous matter, it seemed 
to us that success was more certain along the lines 
held to be essential with grasses already in use, 
such as Esparto, and the other standard system of 
treatment extensively used for wood, known as the 
sulphite method, has never been seriously pro- 
posed for these. But this does not rule out en- 
tirely the application of the latter to bamboo, and 
simultaneously with our efforts an investigation on 
such lines has been going forward in this country, 
the digesting liquor being a bi-sulphite of mag- 
nesia. It is uncertain if it will result in lower 
costs than soda treatment, but it will probably 
succeed in producing a distinctive type of pulp, 
which will be all to the good of bamboo, as a 
whole, and reinforce its claims as an alternative to 
wood-pulp. The latter is produced in about equal 
quantities by both methods, and each is valued for 
its distinctive paper-making qualities. 

The preparation of bamboo prior to digestion 
has given rise to some difference of opinion. It 
is somewhat noteworthy that such differences as 
exist relate entirely to the practical details of 
treatment No difference exists as to the suita- 
bility of bamboo for the manufacture of papers re- 
quiring high bleaching and printing qualities. As 
regards preparatory treatment, two schools have 
arisen, the crushers and the chippers. Reduction 
to chips is the wood-pulp practice, and its advo- 
cates appear to be in danger of a wood-pulp ob- 
session, which renders them somewhat blind to 
obvious differences between the two materials. 
They are undoubtedly entitled to make all the 
argument they can from the fact that crushing 
expands the volume of the material to nearly 
double, and, therefore, apparently reduces the 
capacity and output of the digestion to half that 
I obtainable with chipped material. I say 
apparently, for the actual result is not quite so 
bad as that. By reason of its lesser resistance to 
liquor penetration, crushed material digests in 
three-fourths of the time required for chips, so 
if the output of a digester charged with chips is 
represented by 15, the'^output of one charged with 
I crushed material is not 7i, but 10 Further, 

' crushing does not create any additional recurring 
costs, but merely a greater capital outlay for the 
additional digesters required. Still, the objection 
is a valid one,_ and entitled to full consideration, 
but we think it is more than couterbalanced by 
what emerges from a critical study of the physical 
and constructional features of the two materials, 
thus : — 

(a) The fibre bundles of bamboo lie perfectly 
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parallel to each other with no pross-graining and 
no interlacing; they split cleanly and crush per- 
fectly without reducing to dust. Wood will not 
crush without a considerable loss through dust 

(^) Bamboo is thickly studded with groups of 
sap canals, which run perfectly parallel through- 
out the whole length of the stem. In the dry 
material these are filled with air, which, being 
in a state of capillarity, is extremely difficult to 
dislodge, and, in the case of chips, offers a power- 
ful resistance to the penetration of liquor, besides 
adding to the buoyano^ of the mass and tending 
to float a portion of it above the liquor. The 
splitting, which is the first effect of crushing, runs 
along these canals, which are thus laid open to 
attack by liquor on their interior surfaces and the 
capillary air is got rid of. Wood presents no such 
feature. 

(c) Baboo, throughout the entire length of stem, 

is of homogenous one-aged, one-season growth. 
Wood, if say, 60 years of age^ has its heart wood 
60 years old, while its outer ring of growth is one 
year old. Therefore it must contain differences in 
density and quality, and. consequently there must 
be a proportion of undigested chips in wood-pulp 
digestion. There is no need for such a must in 
the case of bamboo. ^ 

(d) The nodes of bamboo, contrary to general 

belief, are not denser than the internodes. Their 
specific gravity is about 5 per cent less. But they 
contain more peqtpse lignin and their col- 
loidal to liquor jpenetration is, there- 

fore^ greater. The antidote to this is opening up 
their tissues completely. By crushing, this can 
be done so thoroughly that they can scarcely be 
distinguished in the general mass. As chips they 
must result in a considerable proportion of undi- 
gested specks and blemishes in the pulp. 

The diipping school, under the influence of 
their wood practice obsession, are quite reconciled 
to the presence of this undigested matter in their 
pulp. They regard it as natural and expend their 
energies upon means of screening it out of the 
pulp after it is cooked. The crushers say it ought 
not to be there at all, that there need be no un- 
digested chips in the pulp except occasional acci- 
dentals, due to particles of raw material getting 
lodged over rivets or otherwise hung up in the 
upper part of the digester beyond the reach of 
liquor, and they think this is a result well worth 
attaining at the cost of somewhat larger digester 
plant; and they claim further that since crushed 
material will digest with less drastic conditions of 
ts^rmerature and soda, the digestion cost is 
' less 'Mi l^lp ^ield more. 

(To be concuioed). 


the same name is used to denote quite different 
acids. Thus, Cain in “The Manufacture of Inter- 
naediate Products for Dyes” (1918), describes two 
different acids as F-acid, and no less than four 
different compounds as S-acid. Further, if 
different authorities are consulted it will often be 
found that they use different names for one and 
the same substance. 

In order to avoid confusion, the present writer, 
several years ago, devised a system of nomencla- 
ture for his owm use which has the advantages of 
being simple, definite, and at the same time indi- 
cating the orientation of the groups present in the 
molecule. The method has proved to be so useful 
that it may be of interest to other chemists who 
have to deal with intermediate products. It may 
be briefly described as follows. 

^ Each of he eight positions in the naphthalene- 
ring system is denoted by (i) a letter of the Eng- 
lish alphabet; (2) a letter of the Greek alphabet; 
and (3) a numeral. These positions are shown in 
the accompanying diagrams. The use of letters 
of the English alphabet is reserved exclusively 
for denoting the positions of amino-gioups, hy- 
droxyl groups being invariably denoted by Greek 
letters, and sulphonic acid groups by numerals. 
The words “amino,” “hydroxy,” “sulphonic,” and 


h a 

g I 

* 

Amino groups 


8 I 
/\/\ 


\/\/ \/\/ 
e ^ 5 4 

Hydroxyl groups Sulphonic Acid 
' groups. 


“naphthalene” being superfluous, are omitted in 
building up the names. The following three ex- 
amples serve to illustrate the method. 

2-Aminonaphthalene-4-sulphonic acid (Bronneris 
Acid) becomes b.6 acid, i-Naphthol-4-sulphonic 
acid (Nevil and Wintheris Acid) becomes a.4 acid. 
I : 8-Aminonaphthbl-3 : 6-disulphonic acid (H- 
acid) becomes acid., or a. ^.3.6 acid* It 

will be noted that all thte names are short and that 
the positions of the grc^ps are indicated definitely. 
The names have been found particularly useful in 
denoting the structure of the azo-dyes. 

It noay be urged that the Greek letter “zem” (0 
is inconvenient to write. This is true, but it will 
be found in practice that it is very rarely, if 
wanted. , ^ ... 

For the very commcm acids such as haphthionic 
add, R-acid, NW-acid, dtc., colour cheUiists will 
probably brefet to iretdn ^e present names, but 
for fee less fteqi]^tly encountered the above 
system be found td be t^ery convenient- 
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under the Presidency of Dr. J. Murray Clark. 
Many new members have joined and the atten- 
■dance at the meetings has appreciably increased. 
The Institute has carried on its propaganda for 
research both in regard to its application to indus- 
try and on the purely scientific side. In its cam- 
paign it has been aided by a succession of eminent 
lecturers from the United States. The activities 
of the Institute will continue to be directed by the 
same policy as hitherto j and I may say that 
arrangements have been made for a group of ex- 
ceptionally able men to lecture under its auspices 
in Toronto during the coming winter. 

With your permission I shall now turn my atten- 
tion to the consideration of the subject which I 
have selected for my address this evening — “Uni- 
versities, Research, and Brain Waste.” 

Whatever the undeveloped resources of a 
country may be, the greatest of all its resources 
is the brain of the people, and more especially the 
brain of the exceptionally gifted. Other resources 
in fact are made available only by combination 
with this primary resource. The wealth of the 
race consists of the thoughts of a limited number 
of men accumulated through the generations. 
By means of theSe thoughts, or certain of them, 
we are able to reproduce things. It takes no great 
mental effort to realise that of all the material 
products of man’s hands which existed 50 years 
ago, that which persists to-day is negligible. 

There exists a body of men whose fimction it is 
to increase the wealth of the race, to add new 
thoughts to the fund already accumulated. These 
are the so-called research workers. Men or re- 
search inclination there have been in all countries 
and in all periods. In recent times, however, the 
number has increased greatly. Certain universi- 
ties in America, and a large proportion of those in 
Europe, legard it as one of their functions to pre- 
pare men to do research. Many of the European 
universities regard it as their chief function. 

The research workers are makers of modem 
history as no other body of men are. The differ- 
ence between the conditions under which our fore- 
fathers lived 300 years ago and those under which 
we live to-day is due to the research workers. 
The layman little realises what an influence in- 
dividual men among these research workers exer- 
cise upon his daily life. In ordinary conversa- 
tion the name of Shakespeare is heard more fre- 
quently than that of Newton, and students of the 
great dramatist will be surprised to- be told that 
Shakespeare as a factor in determining their lives 
is a bagatelle compared to Newton. The thought 
of the great scientist, as a matter of fact, per- 
meates our civilisation, and can be traced dis- 
tinctly in a multitude of conditions which sur- 
round our every-day life. To justify our state- 
ment, it suffices to refer briefly to Newton’s dis- 
coveries of the calculus and the law of .gravita- 
tion. The calculus is the basis of the greater part 
of higher mathematical analysis. It is the most 
powerful of all instruments in handling geometri- 
cal problems, and it has opened up new territories 
in geomet^ which are all its own. What I want 
more particularly here to refer to, however, is the 
role which the calculus plays in connection with 
physical phenomena. Its aid is invoked in ques- 
tions which relate to motion, light, heat, electri- 
city. The principles of dynamics are formulated 
in terms of its notation. Unfortunately it has had 
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a share in the development of modern artillery, 
for the theory of projectiles is an application of 
the calculus to the law of gravitation. It has 
had its place in the advances which have brought 
us the electric light, the trolley, the power house, 
telegraphy, and telephony, both with and without 
wire. When we read the despatches and cable- 
grams in our morning paper we do not pause to 
remind ourselves that the thought of Newton is 
one of the factors which has made this possible. 
No more does it occur to the baseball enthusiast 
that he is under any debt to Newton when he 
stands before the newspaper office down town and 
scans the latest baseball bulletin. 

Transportation by sea, by land, and by air, has 
much for which to thank Newton. The calculus 
had nothing to do with the invention of the steam 
engine by James Watt. It has, however, done 
important service during the last half-century or 
more in handling problems relating to steam en- 
gines and turbines where fundamental principles 
have been involved. It has had its effect on naval 
construction. It is involved in the general ques- 
tion of the relation between shape, power, and 
speed in connection with a vessel. It is essential 
to the study of the strains and stresses in a ship’s 
members. Navigation, too, depends on astrono- 
mical data, the obtaining of which involves the 
use of the calculus. Our clocks and watches are 
regulated by data so obtained. It has had its 
share in the development of the automobile en- 
gine. It proves itself useful in problems con- 
nected with hydraulic elevators. It played a 
fundamental role in solving the initial difficulties 
connected with flight, and later on it was an essen- 
tial instrument in solving the problem of stability 
in relation to aeroplanes. It renders valuable 
assistance in connection with the finding of neces- 
sary data for the putting up of large steel bridges 
and for erecting other engineering structures. 
Physical chemistry makes extensive use^ of the 
formulae of the calculus. The physiologist, too, 
when he is confronted with problems ih surface 
tension is forced to call in its aid. 

The same god-like instrument enables the 
astronomer to follow the earth and the planets in 
their courses about the sun and to keep track of 
the moon in its more devious path around the 
earth as the latter whirls about the sun. It 
renders it possible for him to measure the com- 
bined and varying tugs of the sun and moon on 
the waters of the earth, and with its formulae he 
traces the paths of the particles of water that go 
to make up the tides as they travel across the 
oceans of the earth. By the aid of this instrument 
applied to the solar system, on the assumption 
that it is regulated by the law of gravitation, 
Adams and Leverrier, led thereto by certain in- 
equalities noted in the motion of the planet 
Uranus, deduced the existence and location of the 
planet Neptune and foretold its mass and orbit. 

Clerk Maxwell it was who formulated the theory 
of electricity and magnetism in terms of the cal- 
culus. Hertz devised the experiment which veri- 
fied the existence of certain waves in the ether 
predicted by Maxwell from his theory, and Mar- 
coni utilised these waves for wireless telegraphy. 
In later times, we have become familiar with 
X-rays, radio-activity, and the theory of electrons. 
The physicist studies the relative positions of the 
atoms in a molecule and going beyond distributes 
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he atom itself into electrons. He tells us won- 
lerful stories about the energy locked up in an 
Ltom, and Sir Oliver Lodge informs us that if 
his atomic energy were only available, a ton of’ 
natter day by day would suflice to supply the 
leeds of Great Britain. Going over from the in- 
initely small to the infinitely great, that eminent 
)utch astronomer and hardy generaliser, Kap- 
eyn, has launched a scheme to study the struc- 
ure of the universe. His nearest material is over 
trillion miles away, but his scheme is under 
vay, and he is steaidly accumulating his data, 
^t some stage in the development of all the 
^ranches of physical science here referred to, 
<rewton^s drought has played a role and the cal- 
:ulus has proved itself a helpful intrument in 
egions undreamed of by its discoverer. 

In what precedes I have touched on the physical 
-ciences and the application of the calculus to 
hem*. I have mentioned but a few among the 
nany great names associated with the develop- 
nent of these sciences. I have wished in a few 
vords to do the impossible, to suggest to the lay- 
nan by an illustration something of the reach and 
mportance of research, to indicate how the work 
>f one research man connects up with that of. 
mother, and to shadow forth how intimately the 
ife work of some great thinker may be related to 
)ur daily life and activities without our being con- 
scious of the fact. Newton himself, it may be 
Dointed out, was not such an unconditioned being 
.hat his work was independent of that of the 
workers who preceded him. The discoveiy of the 
:alculus was already a foregone conclusion after 
Descartes had invented analytical geometry. In 
:he hands of a lesser genius, however, its scope 
would not have been as fully appreciated, and im- 
mediate results would have been more meagre. I 
wish that I could convey briefiy to the laymen in 
my audience some conception of the nature of the 
calculus, but this is not within my power to do. 
That will, perhaps, not be surprising in view of 
the fact that a hundred lectures are devoted to in- 
troducing the honours students in mathematics 
and physics to the subject in their second year, 
and that a considerable portion of their time in 
their third and fourth years is utilised in in- 
creasing their appreciation of its scope and appli- 
cation. 

In the foregoing I have said nothing about the 
immense contributions of chemistry to the health, 
wealth, and comfort of mankind. I have not re- 
ferred to the debt we owe to biology, botany, bac- 
teriology, geology, and varous other branches of 
science. I have pointed out the successive de- 
pendence of one man^s work on another's. I 
would draw attention also to the simultaneous 
co-operative character of scientific work. For 
hundreds of research workers in different parts of 
the world are at the same time busied on the same 
problems or on related problems. They keep 
in touch ^ with one another's work principally 
through highly specialised journals which the lay- 
man never sees. In these journals as a rule the 
results of their investigations are published. To 
expedite matters it has been found necessary to 
devise certain aids. One of these is the • Inter- 
national Catalogue of Scientific Literature which, 
before the war, appeared annually in 17 volumes, 
each volume corresponding to a separate branch 
of science. Besides an alphabetical list of authors 


each volume contains an elaborately classified 
subject index. This, however, in view of the 
mass of material being turned out, does not suffice 
for the needs of the research worker who wants 
speedy orientation with regard to everythmg 
which may have a bearing on his own spjecial line 
of work. For this something more than a mere 
classification of titles is needed. Some further 
indication as to the contents of an article is neces- 
sary. The need here referred to is more or less 
satisfactorily cared for in different branches of 
science. In physics and electrical engineering, 
for example, we have what are called ^‘Science 
Abstracts,” 

The need of orientation will be better realised 
by the layman when he is told that the number of 
titles listed in the 17 volumes of the International 
Catalogue for the year 1912 was 67,926. The 
great bulk of the literature here referred to is of 
research character, and its authors number up in 
the tens of thousands. The individuals in this 
army of investigators vsLTy greatly in ability. 
Many of them are handicapped by the conditions 
under which they have to work. The products of 
their efforts are, of course, very unequal. In the 
aggregate, “however, the importance Of the activi- 
ties of the army of research workers to the welfare 
of the nations can hardly be overestimated. How 
many of the nations — ^how many of the individuals 
who go to make up the nations — realise this fact? 
How many of our own people appreciate it ade- 
uately ? 

That does not exist which I do not see is the 
most prevalent and most disastrous of all falla- 
cies. Every day men in high places act on tins 
fallacy. It shapes impoirtant policies and deter- 
mines great issues. It came very near being the 
undoing of Great Britain when the opening of the 
war found her scientifically unprepared, for her 
statesmen in taking counsel had been accustomed 
to leaving out of account science which, as it 
proved, was the most important factor in the 
situation. It is my own conviction and that of 
all scientists with whom I have discussed the 
matter that the modem research movement is the 
greatest intellectual movement in the history of 
of the human race. How many Governments act 
as if this conviction had taken hold on them? 
In how many of the universities on this continent 
have those in authority seen the vision ? 

The natural home of research is in the univer- 
sities. There most of the fundamental dis- 
coveries in science have been made in the recent 
past Let us hope that this may continue to be 
the case in the future. The highest functions of 
a university are on the one hand to provide place 
and opportunity for the research worker to carry 
on and make his discoveries and on the other 
hand to train young men of selected ability to use 
their creative faculties. This is more fully appre- 
ciated in certain European countries than in 
America. 

In Germany, at least before the war, no man 
was appointed to a university staff who had not 
i proved himself to be intellectually productive. 
Once appointed, he could lecture as little or as 
much as he pleased. He could devote practically 
all his time to research if he was so inclined. He 
was relieved of finandai worry. He did not need 
to preoccupy himself with what, under certain 
eventutlities, would become of his wife and 
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family. Everj'thing was provided for in advance, 
so that, with a mind at ease, he could concentrate 
all his powers on his science. On the instruc- 
tional side the German university had particularly 
in mind the student of exceptional ability. It 
put no obstacle in the way of admitting others. 
It w’as not a difficult matter to obtain a degree. 
The arrangements, however, were made with a 
view to the needs of the more highly gifted. 
These were trained to be research w’orkers, and 
those who distinguished themselves most in 
research received preferment later on. The 
intellectually productive men then enjoyed a 
certain prestige in Germany before the war. 
This vras overshadowed, however, by the 
factitious prestige attached to the military 
uniform, and we know how the w’ar-mad 
militarists of Potsdam prostituted German science 
and purposed by its aid to subjugate the rest of 
the world. 

In France, perhaps more than in any other 
country, is intellectual achievement honoured. 
An intellectual anstocracy, according to Prof. Le 
Chatelier, is essential to the French democracy. 
This means that intellect is trained to the service 
of the State. In peace times membership in one 
of the five academies which constitute the Institut 
de France, a purely intellectual distinction, is the 
highest honour to which a F renchman can aspire. 
The Institut, it may be noted, through its 
academies, disposes of considerable sums as re- 
wards for notable intellectual achievements. 
The Academic des Sciences in particular has a 
long list of prizes which are awarded from time to 
time to scientists who have solved specified prob- 
lems or have made advances along certain 
lines in Science. Living, the creative thinker is 
regarded as the glory of his country. When he 
departs this life his remains are buried in the 
Pantheon with funeral rites which vie with those 
accorded to a President of the Republic. 

(To be continued). 


A Discussion on the ^^Relations of the Norikern 
Red Sea and its Associated Gulf-Areas to ihe ^Riff 
Thmtf* was opened by Dr. William Fraser 
Hume, in the following words : — 

(i) The areas specially considered are the 
northern portion of the Sea and a region to 
which the n^e of ^^Clysnaic Gulf” has been given. 
The Ciysmic Gulf (from Ciysrna, the Roman 
name for Suez) is defined as the district bordering 
the Gulf, and lying between the (largely) fault- 
bounded ranges of Egypt and Sinai on the west 
and the east respectively which dominate this de- 
pressed area. ^ Within its borders Miocene de- 
posits are of wide distribution ; beyond them, these 
are notably absent. The folds within this region 
are^ from north-west to south-east, outside it riieir 
their trend is frequently almost at right angles. 


of Societies 


(2) A line prolonging the direction of the 
western coast of the Gulf of Akaba to the shores 
of Egypt divides the Ciysmic Gulf from the Red 
Sea, the former being occupied by the shallow 
Gulf of Suez and disturbed lowlands, while 
south-east of the dividing-line is the Red Sea, 
with its great depths and its narrow coast-line. 

{3) The Clysmic-Gulf area is one of complicated 
fold-and-fracture effects, while in that of the Red 
Sea only fold effects have been observed. 

From a study of the facts known, it is con- 
cluded that . — 

(4) The whole region under consideration under- 
went extremely slow submergence, the negative 
movements continuing from early Jurassic to late 
Cretaceous times. 

(5) This w^as succeeded by one of a positive 
nature, the actual emergence of the new land 
taking place near the close of the Eocene Period. 

It is suggested that the area was occupied by an 
anticline or anticlinorium plunging northwards 
in the Ciysmic Gulf region, and that it was sub- 
ject first to marine and then to subaerial erosion. 
This formed part of the continent on which grew 
the trees of the Petrified Forest, and on wffiich 
wandered animals such as the Arsinoitherium and 
'the earliest elephants. This continental period 
was most marked during the late Eocene and 
early Miocene times, and the area dealt with here 
appears to have become one of very varied ridge 
and depression. 

(6) The whole region thus dissected w^as invaded 
by the ancient Mediterranean; the slow advance 
southwards occupied the main portion of the Mio- 
cene Period, and probably extended well into the 
Pliocene. The pre-existing ridges became coral- 
reef centres : the intervening depressions were 
filled up, first by land-derived deposits (such as 
conglomerates and clays), and then by lagoon 
formations (gypsum and salt). The earliest of 
these formations appear to have been of Schlier 
(Middle Miocene) age. 

(7) The sequence of events from Middle Fliok^e . 
times onwards is difficult, to unravel. The'W^iMt 
region of the Ciysmic Gulf becstme folded and 
fractured to a remarkable extent, there being cer- 
tain underlying elements of order discernible. 
There is strong faulting at ihe borders with the 
igneous hills, and fold-ranges are well tnarked, 
these being of a symmetrical anticline type. It is 
suggested that compression of the area, with uplift 
of portions of it, offers the best solution for the 
facts observed. It seems difficult to conceive that 
dislocation so marked, spread over so wide an 
area, could arise under rift formation as defined 
by Prof. J._ W. Gregory. It seems equally diffi- 
cult to ascribe the whole of the surface-differences 
to erosion alone. It will be readily understool 
that no simple solution of the problem can be 
offered on the evidence at present available, 
especially in view of the fact that no important 
faulting has been noted on the western borders of 
the Red Sea. 

(8) The same reserve must be exercised with re- 
gard to the very interesting eroded trough-fault 
valleys, which the writer formerly regarded as of 
rift origin. 

(9) A suggestion is made that the portion of the 
Nile Valley about lat, 26'’ N., where faulting is 
most conspicuous, may have been initiated by 
erosion of a sharp anticlinal fold due to the 
compression of almost horizontal strata. Sharp 
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Folds exist in the desert east of the Nile, but their 
jrigin is at present doubtful. 

Discussion. 

The President said that it had been customary 
if late years to devote at least one meeting in the 
session to a lecture on some subject of interest to 
geologists, or to a discussion of one of the larger 
ind more speculative problems of geology. The 
subject selected for discussion that evening might 
ie briefly defined : there was in Central Africa a 
well-known surface-feature, for which Prof. J. W. 
Gregory had popularised the name of the Great 
Rift Valley ; there was also, in Southern Syria, a 
similar surface-feature, occupied in its northern 
part by the Jordan Valley, and continued as a 
surface-depression to the Gulf of Akaba, Accord- 
ing to one school of thought, these two surface- 
features were not only of similar genesis, but 
formed the extremities of a continuous surface- 
feature, intimately related in origin to the tec- 
tonics of the surface-rocks, called the African 
Rift Valley, of which the Red Sea was re- 
garded as an integral and important section. 
According to another school, no such continuity 
is recognised, and the origin ojf the Red Sea is 
attributed to causes other than those which gave 
rise to the rift- valleys of Africa proper and of 
Palestine. Dr. Hume had had a large personal 
experience of the geology of the Red Sea region, 
and his presence in England afforded a useful 
opportunity of raising a discussion of this impor- 
tant and interesting problem. 

Col. H, G. Lyons expressed his great interest in 
the information that Dr. Hume had laid before 
the Society, which made the structure of this parr 
of North-Eastern Africa much clearer. He 
agreed that former assumptions of the rift charac- 
ter of the Nile Valley were not tenable, and that 
the Gulf of Suez, too, could not be strlctlv des- 
cribed as a rift- valley. For the Red Sea, he asked 
whether more information had been collected of 
late as to the structure of the eastern <=hore, to 
show whether it was as free from fracture-lines 
as the western was, according to Dr. rfume’s 
account. 

Prof. J. W. Gregory, in a letter sent as a con- 
tribution to the discussion, remarked that the 
agreements between Dr, Hume's views and his 
own were more essential than the differences. 
The sequence of events stated by Dr. Hume for 
the Clysmic Gulf is similar to that which he had 
adopted for the Rift Valley as a whole — including 
Jurassic subsidences due to the Mesozoic deforma- 
tion of the crust, an Eocene land over the Red 
Sea, subsidence of the Rift-Valley trough in the 
Oligocene, renewed and extended especially in the 
late PlicKene Period, The Gulf of Suez is not 
typical of the Rift Valley, as its lines there inter- 
sect those of the Levant, and as the rocks tra- 
versed are mostly young stratified deposits. 

The main difference between the writers inter- 
pretation and that stated by Dr. Hume is the rela- 
tive importance of fold and fault. The import- 
ance of the faults is indicated by Dr. Hume's re- 
mark that ‘'the (largely) fault-bounded ranges 
dominate tbis depressed area,” and by his state- 
ments \Geol. Mag.^ ipio) regarding the dome over 
the Clysimc Gulf : “I can conceive of no erosive 
agent which would break across this great earth- 
feature without- the intervention of fracture [and 
that] "faulting, and faulting alone, can explain 
the phenomena.” These conclusions are sup- 


ported by the recent statements in bulletins by the 
Geological Survey of Egypt that faulting was “the 
controlling factor in the formation of the shore 
line of the Gulf” [and in] “determining the pre- 
sent position of the Gulf of Suez.” 

The attribution of the Red-Sea section of the 
Rift Valley to folds appears to be due to the use of 
the term “fold” for movements which the writer 
regards as faults. The Geological Survey of 
Egypt has recently explained its use of the word 
“fold” by a diagram {Petrol Res. Bull, No. 6, 
192O3 sketch before p. i) which identifies a steep, 
plane, siickensided surface as a fold. The writer 
regards the movement shown by this diagram as 
a fault, so that the difference is a question of 
terms. He found it impossible, in view of the 
post-Eocene faults with fault-breccias beside the 
Gulf of Aden and the maps of the Egyptian Geo- 
logical Survey at the other end of the Red Sea, 
to accept the view that that on the Red Sea only 
fold-effects have been observed. He agreed that 
the Lower Nile Valley is not a Rift Valley, its 
structure being the antithesis to that of the Red- 
Sea trough. 

With regard to the length of the Rift Valley, he 
referred to the explanation in his forthcoming 
book, “The Rift-Valleys and Geology of East 
Africa” briefly stated in Geogr. Journ.^ Ivi., 38), 
representing it as due to world-wide mid- 
Kainozoic earth-movements, and to its position 
between the mountain-forming movements in 
Europe and Africa which were northward, and 
the simultaneous Asiatic movements which were 
southward. Its great length is due to the conti- 
nental scale of the accompanying movements, and 
seems no more mconsistent with its formation by 
tension than the equal length of the contemporair 
fold-moimtain system is inconsistent with their 
formation by compression. 

Dr. J. W, Evans thought that the structure of 
the Akaba and Clysmic gulfs would prove very 
different, the latter being probably the same as 
that of the Dead-Sea depression. He enquired 
whether the faults shown in Dr, Blanckenhorn's 
map near Suakim, parallel to the coast in that 
neighbourhood, and approximately parallel to the 
Gulf of Akaba (though not in the same line), were 
authentic, and, if so, whether they had a down- 
throw towards the sea. The deep depression in 
the north of the- Red Sea was sharply defined, 
both on the north and on the south, and suggested 
a subsidence. The existence of a “graben” seemed 
to point to a state of tension, when it was found, 
but did not imply the existence of a rift as wide 
as a sunken area. The speaker looked forward to 
the production by the Egyptian Survey of further 
evidence on this most important question. 

Mr. G. W, Lamplugh remarked that the “rift- 
valley hypothesis raised the wider question as to 
the sup^sed prevalence* in many parts of the 
■world of large-scale surface-features produced 
directly by comparatively recent faulting. The 
geological record showed that the local develop- 
ment of troughs of depresession had been fre- 
quent throughout the accumulation of the 
stratified rocks; and the resultant syhclines were 
often faulted longitudinally at the margins, as 
well as within. But the field-evidence gena^iy 
impiieci that the subsida^ices had been gradual, 
ancLthe faults ol slow growth. Secondary “fault- 
controlled” features; due to selective denudation, 
weare common enough both in valleys and on high 





38 



‘Chemical News 
. July 15, 1921 


ground, but new orginal fault-scarps were difficult 
to find ; he had not yet himself seen a single con- 
vincing example, though he had seen several to 
which this origin was ascribed. He knew no case 
of the trunk-drainage of a land-area having been 
revolutionised by the uprise of a fault-block 
athwart it; and this seemed to imply that the sur- 
face-effects of faults for a long time past had 
never been rapid enough to overcome the ordinary 
course of weathering and erosion. The concep- 
tion of the ^‘rift-valley” had always been attrac- 
tively simple, and there may be features on the 
earth to which the conception will apply abso- 
lutely ; but the researches of Dr. Hume and his 
colleagues have shown that ive must now look 
elsewhere than in Egypt. 

The President said that the interesting and in- 
structive discussion had left two doubts in his 
mind still unsatisfied. One was whether two dis- 
tinct problems, the origin of rift-valleys and the 
origin of the Red-Sea depression, had not been 
confused. The magnitude of the Red-Sea de- 
pression was of so different an order from that of 
the African rift-valleys, that any similar rifting, 
which may have taken place, would be of subsi- 
diary importance in determining the position and 
form of the Red Sea. The other doubt was as to 
the existence of anything which could properly 
be called the Great Rift-Valley. There was in 
Africa a belt of country in which the surface-form 
known as a “nft-valley” was of fairly frequent 
occurrence; but it seemed to him that there was 
insufficient evidence of continuity between them, 
or of the existence of one continuous rift-valley. 
It appeared more likely that further investiga- 
tion would prove the independence of the indi- 
vidual depressions, which should rather be re- 
garded as separate members of a continuous range 
or series. 

Dr. W. F. Hume, in reply, thanked Col. Lyons 
for his remarks, and pointed out that Dr. Blanck- 
enhom had never himself visited the Re'd-Sea re- 
gion, the faults inserted having no basis of obser- 
vation. With regret it had to be stated that Dr. 
Blanchenhorn was frequently incorrect in regard 
to the existence of faults in Egypt. He had 
bordered ,the F ayum with faults and then removed 
them, shown an important one at Moghara Oasis 
which could not be confirmed, and finally 
bordered the Red Sea with faults where proof of 
their existence was absolutely wanting. 

Prof. Gregory was certainly justified in stating 
that the actual diagram exhibited was a true 
fault; but, if continued, it passed into a mono- 
clinal fold- The point did not affect the main 
issue, as the section was within the area of ad- 
mitted fracture. 

Instead of assuming all the depressions dis- 
cussed as part of a great Rift system, each had to 
be considered on its merits. The parallelism of 
the Red-Sea borders could be explained as due to 
erosion of a broad fold, and, apart from the 
apparent absence of faulting on the large scale 
along its borders, the breadth of that sea 
was such as to make it most difficult to con- 
ceive it as a tension-crack. In the Clysmic-Gulf 
area, which was narrower, and lying between 
hill-masses of granite or limestones, folding and 
fracture were intensely marked, but might well be 
due ^ to compression. The features on which 
special attention would have to be concentrated 
in connection with rift questions wqre the rela- 


tively narrow valleys of the Jordan, the Dead-Sea 
depression, and those of South-Eastern Sinai, for 
which no simple erosion theory seemed satisfac- 
tory. They were undoubtedly, like the Clysmic 
Gulf, fault-guided or fault-controlled depressions. 
The speaker, as a result of his own studies, agreed 
with Mr. Lamplugh that a dogmatic assertion of 
rifts at this stage might give a bias to younger 
geologists which might cloud the truth, this being 
one of Dr. John BalPs objections to Prof. 
Gregorys’ original paper. 

Dr. Hume also was glad to note the President’s 
remarks, and thought the idea of “tension re- 
gions,” as advocated by Dr. Ev^s on this occa- 
sion, was one to be approached with great caution, 
as It required very full experimental evidence. 

CORRESPONDENCE. 

QUATERNIAN SERlis* AND ISOTOPES. 

To the Editor of the Chemical News, 

Sir, — In considering the new individual atomic 
weights involved by reason of isotopes, it is of 
possible interest to examine some of the earlier 
speculations to see whether any symmetrical re- 
lations are possible. To this end (more as an 
illustration as to the importance of reviewing past 
work) the following scheme may be taken as an 
example. The readers of this Journal will, no 
doubt, remember my many attempts to work out 
the individual values for isotopes — these efforts 
dating back to 1914. 

Making use of some of these values, and intro- 
ducing Aston’s experimental values for isotopes 
in heavy-face type, the arrangements here shown 
explain themselves. 

The original scheme was : — 

At wt. Differences. 

Ar= 39-9 

— 16 

Fe= 59*9 -S 

-24 

Br= 79'9 -4 

-28 

Ag= 107-9 

Considering isotopes, the scheme becomes : — 


Lower mass isotope. 


Higher mass isotope 

Ar= 36 

18 

40 

16 

Fe= 54 

7 

56 

9 (7+9=16) 

- 

25 



Br= 79 

3 

81 

S (3+5= 8 ) 


28 


30 

0 

IT 


III 



7r(or 107-36) 


71 (or ii“4o) 

It is of interest to note that Aston has succeeded 


in determining the isotopes of nickel, the values 
being 58 and & (see Nature^ June 23, 1921). This, 
of course, has no direct bearing on the above, 
except to strengthen the strong tendency of iso- 
topes to occur in pairs, i,e,j as regards species. 

Schemes of the kind herein shown must be re- 
garded as uncertain, since surprises are generally 
in store; but, so far as can be jud|:ed, the argon 
values seem to fit in very well with the others, 
though the difference between the mass values in 
this case is four units instead of twOj as in the 
case of bromine. — I am, &c., 
F. H. Loring. 

♦See Chemical News, 1909, c, p. 37. 
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ETHYLSTANNIC ACID. 


To the Editor of the Chemical News, 

Sir, — In the May issue of the Journal of the 
Chemical Society there appears an interesting 
paper by Mr. J. G- F. Druce, dealing -with a 
newly-discovered acid having a formula 
C2H5O.SnO.OH. In the course of this paper 
reasons are adduced for regarding the substance 
as a compound of stannous tin; but apparently 
the author fails to be convinced by his own argu- 
ments, since he names the substance '‘ethylstannic 
acid.'^ 

The contention that “a rose by any other name 
would smell as sweet” sometimes put forward in 
excuse for a lax terminology, is, to my mind, very 
misleading. Exact and precise ideas need for 
their expression terms equally exact and precise, 
and it is with the development of such ideas, 
surely, that science is concerned. — I am, &c., 

H. Stanley Redgrove, B.Sc., F.C.S. 


CHEMICAL NOTICES FROM FOREIGN SOURCES 

Commies Rendiis Hehdomadaires des Seances de 
V Academic des Sciences. Vol, clxxii., No. 26, 

“Photographs of the Planet Venus.” — By M. F. 
Quenisset 

“Action of Boric Acid on Glycerol and Poly- 
valent Alcohols. Application of a new Physico- 
chemical Method.” — ^By M. Rene Dubrisay. 

“Ammoniacal Silver Carbonate.” — By MM. 
Dervin and Olmer. 

“The Parts played by Gaseous Impurities in the 
Catalytic Oxidation of Ammonia.” — By M. 
Eugene Decarrihre. 

“Influence of Forging on the Toughness of 
Steel.” — By M. Eug^ne-L. Dupuy. 


NOTES. 

Board of Trade Announcement. — The Board 
of Trade announce that by an Agreement made 
with the German Clearing Office, now awaiting 
the approval of the Reichstag, the time for lodg- 
ing claims with the British and German Clearing 
Offices by their respective nationals under Article 
296, Section IIL, Part X., of the Treaty of Ver- 
sailles, has been extended to September 30, 1921. 
No further claims under the above Article will be 
accepted after that date by the Clearing Offices 
concerned. 

An annoimcement has been made to the 
Academie des Sciences by Baron Edmond de 
Rothschild of his intention to devote the sum of 10 
million francs to the foundation of a laboratory 
of scientific research, to be chiefly devoted to the 
development of physical and chemical science. 

The British Cast Iron Research Association has 
obtained a licence under Section 20 of the Com- 
panies^ (Consolidation) Act, 1908, President — 
The Right Hon. Lord Weir of Eastwood, P.C., 
D.L., LL.D. (Glasgow),. Secretary — Thomas 
Vickers, Central House, New Street, Birming- 
ham. We have a pamphlet giving particulars of 
the Association, together with the objects and the 


history of the movement, and inviting application 
for membership. The cast iron industry is of 
great national importance, as nearly every other 
industry in the country uses its products. It 
should, therefore, possess the strongest and most 
progressive Research Association in the country. 
With the support which its importance deserves, 
this should be readily accomplished. Ever>’ in- 
dividual firm engaged in the production of cast 
iron should consider that it is to their vital in- 
terest that the Association should have their prac- 
tical support, because the result of its work must 
necessarily mean that the foundries who are mem- 
bers will be in a position to deal with foreign or 
any competition on better terms than at present 
by the reduction in cost of manufacture, by im- 
povements in the quality of castings, and the out- 
put should be greatly increased by the simplifica- 
tion of processes and the analysis of materials 
used. 

Manufactu]^ of Superphosphates. — H.M. 
Charge d'Affaires at Montevideo reports to the De- 
partment of Overseas Trade that by a Bill re- 
cently sanctioned by the Chambers, the Institute 
of Industrial Chemistry is authorised to expend 
the sum of $60,000 on the construction and instal- 
lation of a factory of calcium superphosphates, 
and the extension of the sulphuric acid plant. A 
yearly expenditure of $1,000 for a period of three 
years is also authorised for purposes of propa- 
ganda, and experiments with superphosphates as 
fertilisers. On the promulgation of the law in 
question the exportation of bones, &c., will be 
subject to a duty of $8 per 1000 kiiogrms., and 
should necessity arise, the exportation of such 
articles may be prohibited. 

We have received a cbpy of Le Yerre^ Revue 
Mensuelle des Industries et du Commerce due 
Verre. The paper, under the direction of A. O. 
E. Gobbie, contains all information connected 
with the glass industry in Belgium. The London 
publishers are Messrs. Gordon & Gotch, Ltd., 15, 
St. Bride Street, E.C. 

An announcement has recently been made that 
the following French radio engineers have been 
nominated Chevaliers of the Legion of Honour 
for their inventions : J. Bethenod (high-frequency 
alternators) ; E. Blodi (applications of vacuum 
tubes to radiotelegraphy) ; L. Bloch (applications 
of vacuum tubes to radiotelegraphy). 

For the first time, so far as is known, wireless 
telephony has been used to transmit services from 
one church to another in order that a congrega- 
tion without a regular pastor could have the bene- 
fits of Sunday evening worship. The churches 
involved in this test were the Calvary Episcopal 
and the Herron Avenue Presbyterian, both of 
Pittsburg, Pennsylvania, U.S.A., and for several 
months past the Sunday evening services of the 
former church have b^n broadcasted by radio 
from a test station in East Pittsburg. The 
arrangements were made by the Westinghot^se 
Electric & Manufacturing Co. For reception, a 
loop antenna, amplifier, and condenser, was 
placed on the rostrum in front of the pulpit. The 
loud speaking horn lested directly on the pulpit. 
The music, singing, and sermon were diearly 
ceived in the second chorch. — Radio Re^hm^ Jnly, 
1021. . . 
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CONTRIBTJTION TO THE STUDY OF THE ACID CON- 
STITUENTS OF THE Resin of the Maritime Pine. 
Isomerisation of the Pimaric Acids. — M. G. 
Dupont — ^Abietic add, the chief constituent of 
various resins, is not a pure body, but a complex 
mixture of isomorphous acids only one pure con- 
stituent of which has been hitherto separated, by 
Schultz. These acids not existing in the resin, 
but being ^ the result of isomerisation by heat of 
the pimaric and sapinic acids, it is logical to en- 
deavour to obtain pure abietic acids from their 
mother acids. In a previous paper, M. Dupont 
explained how he decomposed pimaric acid into 
its two constituents, dextropimaric acid and levo- 
pimaric acid. In this note he studies the products 
of isomerisation of this latter acid. — Comfies 
RenduSj May 30, 1921, 

Palm Oil for Motor Cars.— Experiments have 
made with a view to substituting palm oil for 
mineral oil in the French colonies, for internal 
combustion engines. These trials were very con- 
clusive although fouling of the engines was to be 
feared. The motor was started with mineral oil, 
and when sufficiently heated, palm oil was sub- 
stituted, This new fuel may have great influence 
on the utilisation of the soil in colonies where 
there is no mineral fuel. The calorific power of 
palm oil is 9228 calories. — Industrie Ckimique, 
May, 1921. 

PHEiraURETHANES OF TERPENIC ALCOHOLS.— 
According to Mr. Weehuizen, it is advisable, when 
preparing phenylurethanes of terpenic alcohols, 
to employ as agent of dilution boiling petroleum, 
at to 200® C., and work during boiling. 

Phenylurethane crystallises in cooling. He thus 
prepared borneol phenylurethanes, fusion point 
137° — isS*" C.; menthol, fusion point, iii® — 112® 
C. The same method was applied to eugenol and 
thymol. With a mixture of camphor and borneol 
the latter is well separated in form of phenylur- 
ethane . — Industrie Chimiqtcej June, 1921. 


NEW COMPANIES. 


The under-mentioned particulars of New Companies recently 
registered axe takea from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W C.2, 

Union Oii*s & Bitumen Co., Limited.— {174521)— Registered 
27th June, 1921. Reliance Works, George Street, Smethwick, Staffs. 
To carry on the business of Manufacturers of Bitumen, Paints, 
Varnishes, Tar Products and Chemical Compositions, also Refiners 
and Blenders of Oils. Nominal Capital : ^2,000 in 2,000 Shares of 
£1 eat^. Directors: G. H Shakespeare, Oakhurst, 56, Lodge 
Road, West Bromwich; W. F. Edge, 17, Westboume Road, 
Edgbaston, Birmingham. Qualification of Directors £100. 
Remuneration of Directors : £25 each. 

Crusader Reviver Company, Limited.— (175500)— Registered 
ist, July, 1931. Langham Place, Northampton. To acquire and 
carry on the business of Manufacturers of Inks, Stains, Dyes and 
Preparations for Polishing. Nominal Capital: £1,000 in 1,000 
Shares of £i each. Directors: W. L. Simmons, 135, St Andrews 
Road, Northampton ; R. Barratt, ii, Birchfield Road, Northampton ; 
G. Pragnell, 134, St. Andrews Road, Northampton ; W. H. Henton, 
30, Stimpson Avenue, Northampton; C. D. Henry, 22, Bostock 
Avenue, Northampton. Qualification of Directors: 100 Shares. 
Remuneration of Directors . To be voted by Company. 

Babette, Limited.— (175497)— Registered 1st July, 1921. To 
carry on the business of Manufacturers of Toilet Creams and other 
Preparations. Nominal Capital : £300 m 12,000 Shares of 6d. each. 
Directors* To be appointed by Subscribers. Qualification of 
Directors: i. Share. Remuneration of Directors: To be voted by 
Company* Subscribers; E. J. Burrows, 29, Lyndhurst Road, 
Highams Park, Chingford, E.4.; S. Humphreys, 19, Richmond 
Road, East Finchley, N.2. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.2., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Applications. 

17058— Barton, G. V.— Apparatus for manufacture of lead oxide. 
June 22. 

16526— Wolfes, 0.— Process for preparation of Tropinone-mono- 
carboxyhc acid esters. June 15. 

16248— OfiElcine Elettrochimiche Dr. Rossi —Drying or eliminating 
water vapours and nitric or nitrous acid vapours from gases 
derived from oxidized ammonia. June 13. 

Specifications published this Week. 

164762— Weizmann, C. and Spiers, H. M.— Fermentation of starchy 
material for the production of acetone and butyl alcohol. 
164785— British Dyestuffs Corporation, Ltd., Green, A, J. and 
Porter, J. W,— Process of manufacture of phthalic acid and 
anhydride. 

164803— Miersch, W.— Method of obtaining hydrofluoric acid from 
the sulphonating mixtures of organic sulpho acids and 
calcium fluoride. 

145524— Akt-Ges. Fur Amlin Fabrikation.— Manufacture of cellulose 
esters of organic acids. 

149688— Kuh, E.— Process for the production of neutral alkyl esters 
of sulphuric acid. 

Abstract Published this Week. 

Gas Manufacture. — Mr. H. Nielson and Mr. J, R. Garrow of 
13, Firs Avenue, Muswell Hill and 30, Vineyard Hill Road, 
Wimbledon, both in London, have obtained a Patent No. 162459 
for an improved plant for the distillation of carbonaceous material 
by contact with hot producer gas. A number of producers are used 
to consume the whole of the coke obtamed, and only one producer 
delivers gas to the retort so as to avoid undue dilution of the coal 
gas, prior to the separation of tar oil. The coal is fed into a rotary 
retort, and the coke is discharged through an annular casing to a 
conveyor feeding the producers. The gas from a producer passes 
through the retort to a condenser and ou washer, and thence to an 
ammonia washer, to which the gas from auxiliary producers is led 
directly by a main. 

Messrs. Rayner Sc Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of 1/- each. 


NOTICES. 

E 01 TOB 1 JLL*— All Literary communications and Books, Chemical 
Apparatus, &c., for review or notice to be addressed to the 
Editor. Z 

SUBSCRIPTIONS, £1 12s. per annum, payable in advance, should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS. 

97, Shoe Lane, London, E.C 4/ 

ADYERTISEMENTS. 

All communications for this Department should be ad 
dressed to— 

T. G. SCOTT & SON. 

63, Ludoate Hill, London, E C.4. 


T7OR SALE. — Laboratory Drying Appartus, 

•L Water, Steam and Air Ovens. Steam Vacuum Drying Oven, 
etc. Parttculars»|rom W. Boyle, Widnes. 

■V/ACANCY for Assistant Chemist will occur 

V in August at Admiralty Inspection Laboratories, Holton 
Heath, salary non-pensionable and subject to bonus : present 
value £363 by £16 annually to £ 466 . Qualification required equal to 
that of Associateship of Institute of Chemistry with sound 
knowledge of technical analysis, preferably of explosives. 
Applications stating qualifications and experience by letter to 
Inspector of Naval Ordnance, Holton Heath, Nr. Wareham, 
Dorset. 
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PAPER-PULP SUPPLIES FROM INDIA.* 

By WILLIAM RAITT, F.C S. 

Cellulose Expert to the Government of India, attached to the 
borest Research Institute, Dehra Dun, India. 

(Concluded from p. 33). 

In proceeding now to* review the economic side 
of the matter, let us disclaim at once any inten- 
tion of basing estimates upon the present values 
of chemical wood-pulp. These are about £35 to 
£45 .per ton c.i f. at British ports, according to 
quality, and undoubtedly represent temporary in- 
flation. Any attempt to arrive at what may be 
the normal price of wood-pulp in this country 
when inflation has been worked off can only be 
a more or less intelligent appreciation of events, 
but considering that costs of production for 
labour, fuel, chemicals, machinery, freights, and 
wood are three to four times what they were in 
1913, and that these advances are probably per- 
manent, with wood still tending to rise, we shall 
not perhaps be far wrong in putting it at £28 per 
ton. If this is considered too high, the sequel 
will show that it is a figure permitting of con- 
siderable variation downwards- On similar 
grounds we would put the future normal price of 
mechanical wood-pulp— which is not cellulose at 
all, but only ground raw wood — at £16 per dry ton, 
Under the transport conditions I will describe 
later, bamboo can be delivered at manufacturing 
sites in Burma at a cost of 12s. 6d. to 15s. per dry 
ton, equivalent to from £i iis. 3d. to £i 17s. 6d. 
per ton of unbleached pulp Compare this with 
the like cost for ivood-pulp, which is from £10 to 
£12, 

Manufacturing charges, inclusive of liberal 
allowances for depreciation of plant and contin- 
gencies, will be under £10 per ton of pulp, so 
that the total cost on board steamer in Burma 
ports will probably not exceed £12 per ton — about 
the cost of raw material alone in the case of 
wood-pulp. In freights, of course, wood-pulp, 
being nearer has the advantage, though not pro- 
portionally to distance, since port and terminal 
charges, no inconsiderable proportion of the 
whole, are the same for any distance. At present, ! 
from Burma ports, they are about £6, but this is 
abnormal, and I am advised on good authority 
that the eventual normal figure will not exceed 
£4. The prospects, therefore, are that bamboo 
unbleached pulp can be delivered in this country 
at a cost not eceeding £16 to £18. Freights, 
again, are not entirely a matter of export in this 
countly^ There is a growing demand for India, 
China, Japan, and Australia, and to these coun- 
tries freights would be in favour of bamboo-pulp 
and against wood-pulp. The economic position 
thus disclosed has an interesting relation to 
mechanical wood-pulp, for which we have 
assumed a future normal value of £16 per ton. 

I do not think it has ever been seriously suggested 
before that a chemically-prepared pulp could be 
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brought within competition distance in cost with 
a mechanical one, but the figures given above do 
now suggest such a possibility, and it is not 
wholly a question of price. Mechanical pulp will 
not produce a useful paper by itself, and it adds 
nothing to the quality of a sheet. It is merely 
a convenient filler, make-weight, and reducer of 
cost, and must be held together by a considerable 
admixture of true cellulose. No paper-maker 
uses it because he loves it, but solely because he 
must to get his cost low enough, and he will will- 
ingly substitute for it a true cellulose if it does 
not cost him very much more, especially since he 
is well aware that such a substitution enables him 
more effectively to use fillers, which are cheaper 
even than mechanical pulp, such as that good old 
stand-by, China clay. 

Few industries are more sensitve to transport 
conditions. Including the product, six tons has 
to be transported in and out of a factory for every 
ton of product where coal is available If wood 
fuel is used, the total will be 8i tons. It does not 
necessarily follow that each of the primary 
materials required — which are bamboo, fuel, lime- 
stone, and imported soda — must be available 
under ideal transport conditions. It may be the 
case that some extraordinary advantage in one of 
them enables the manufacturer to raise his cost 
limit for another, but it is evident that next to 
the raw material, transport is the ruling factor. 
Its importance may be illustrated by my own re- 
cent experience. During the past eight years I 
have been asked to revise some sixteen proposi- 
tions for establishment of factories. Of these, 
only three failed on account of defects in the raw 
material supply, nine had to be rejected on trans- 
port conditions, and only four satisfied all re- 
quirement§. Judgmg from enquiries I receive, 
this phase of the question receives little attention, 
and a sufficient supply of raw material appears to 
be popularly regarded as a satisfactory foundation 
for the industry. 

In a previous paragraph I made a statement to 
the effect that India and Burma could produce 
ten million tons per annum imder -possible manu- 
facturing conditions — possible, that is, with a nor- 
mal value of £28 per ton in England — ^but the 
areas included in such a survey are naturally 
capable of being divided into best and second- 
best, and the best are probably not more than a 
fifth of the whole. They are to be found chiefly 
in the coastal belt of Burma and North-Eastern 
Bengal and Assam, with a smaller area in South- 
West India. I have myself explored a consider- 
able area of the coastal region of Burma, where 
the transport conditions are nearly ideal — numer- 
ous rivers, many of them tidal to 100 miles from 
the sea, and with good rafting water above that 
intersected with creeks and connecting channels, 
and down which bamboo, felled upon their banks, 
can be floated to the manufacturing sites on deep 
water, or within easy reach of ports and anchor- 
ages by the aid of lighters. If wood fuel is not 
available — and it frequently is — coal from Cal- 
cutta or oil from Rangoon can be had, and lime- 
stone, also by water, exists at several places on 
the mainland or islands close to the coast. The 
only foreign import required carrying a high 
freight cost is the small amount represented by 
15 to 20 per cent of the total soda consumption. 

There is one peculiar feature of bamboo as to 


♦From Journal of Th* Royal Soc%ety of Arts, June 24, igax. (By 
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which a warning should be issued, viz., the extra- 
ordinary phenomenon it exhibits of cyclical gre- 
garious seeding and death. A few species do fol- 
low the usual rule of grasses in annual seeding, 
and a few others seed sporadically, but most of 
the important ones flower in cycles of long period 
and gregariously, and each species has its own 
length of cycle. It goes on reproducing itself by 
shoots thrown up from the root y^ar after year for 
20, 40, or 60 years, until, feeling old age 
approaching, it throws all its remaining energies 
into producing an enormous crop of seed, and then 
dies. The new’ generation, although ultimately 
destined to produce culms which may be rzoft. 
in length, and 6in. in diameter at the butt, throws 
up a first crop of dimmutive stems, perhaps iSin. 
high and less than a |in. thick. Next year brings 
a crop somewhat larger, and so on, increasing 
year by year in strict proportion to the growing 
power of the plant to produce starch and store it 
in its roots, until, after from four to ten years — 
the period varying with species, soil, and climate 
— it is again throwing up its full-sized culms. 
Note also, as a striking example of Nature’s silent 
dynamic, that these stems which, as I have said, 
may be 120ft. by 6in., are produced of full height 
and diameter in four months. It is one of the 
few plants which you can literally see grow^ Its 
branch and leaf system are developed in its second 
season, and it is then fully matured. 

It will be clear from this that a factory planted 
in a district without some enquiry having been 
made as to the seeding cycle, might find itself 
suddenly bereft of supplies for a prolonged 
period. There are two methods of insuring 
against this ; first, the next seeding period may be 
known to be at such a date that supplies can be 
depended upon for a period long enough to secure 
an ample return on capital invested in fhe under- 
taking, and, second, the presence in the area of 
an alternative species which, as is invariably the 
case, does not flower at the same period. It is 
satisfactory to be able to add that most of the im- 
portant species have seeded within recent years, 
or are now in process of doing so, as if Nature 
had anticipated the demands we are about to 
make. 

The crisis now threatening the paper industry, 
and, it may be added, the large and increasing 
fainily of industries based on cellulose, of which 
artificial silk and celluloid are types, is no unpre- 
cedented experience. It is historic and oft re- 
peated, ^ Beginning with the failure of rag 
to provide for a continually increasing de- 
mand, the trade during the last 100 years 
has passed in succession through the phases 
represented by the utilisation of textile wastes, 
straw, esparto, and wood, each in turn 
hailed as salvation, and each in turn failing to 
cope with the requirements or finding a better 
market. It remains a fundamental axiom of the 
industry that it is a ‘^picker-up of unconsidered 
trifles,” ^ As the interests of other manufactures in 
a material increase so in proportion that of the 
paper-maker decreases. They can all pay more 
for it than he can. I have been trying for 25 
years in various parts of the world to find a solu- 
tion for this recurring trouble. As the final con- 
. sidered result of that experience, I venture to ex- 
press the belief that no permanent solution of it 
can be found, except in the vast stores of annual 


— and I lay much stress on the annual — products 
of the forests and w’aste places of tropical and 
sub-tropical regions. Enormous in their volume, 
frequently co-existing with splendid transport and 
manufacturing facilities, continuous and rapid in 
their natural reproduction and easily converted 
by modern methods, they provide a field of enter- 
prise of which we may w’'ell hesitate to prophesy 
the expansion and wholly fail to see the end. 
And remembering recent experience when we 
found ourselves almost wholly dependent upon 
foreign supplies, may we be pardoned for uttering 
a little psean of congratulation that such areas are 
within the Empire.? 

Discussion. 

Mr. SiNDALL then contributed the following 
observations : Mr. Raitt, in his address, shows 
that with regard to the preparatory treatment of 
bamboo for ultimate conversion into paper, two 
rival schools are in existence, which he describes 
as the “crushers” and the “chippers.” The argu- 
ment on behalf of the crushing school has been 
exhaustively presented, and it would, therefore, 
be interesting to know the line of argument 
adopted by the “chippers,” so-called. 

In this case, the stems of bamboo are passed, . 
through a special slab- wood chipping machine,’ 
which cuts the bamboo into small chips similsB^ to 
those obtained by the treatment of slabw^ood. It 
is stated that such a process gives a much greater 
capacity in the digester, with a closer and better 
packing of the material. The digester is more 
easily and quickly filled, and owing to the closer 
packing of the material, less liquor is required. 
This, in its turn, means the use of a stronger 
liquor, and ultimately a much smaller quantity 
would need to be evaporated for the recovery of 
the soda. Messrs. Boving & Co., who have de- 
veloped this system, state that they are able to 
fill a digester of a capacity of six tons by blowing 
in the chips in about half-an-hour. Experiments 
were made by them in Sweden on a large scale, 
some 20 tons of bamboo having been utilised foi 
the purpose, and it has been proved that the pro- 
duct obtained is perfectly satisfactory. 

This firm have given considerable attention to 
the question of economy in the production of es- 
parto and bamboo pulp, and are at the present 
moment engaged in the erection of a large esparto 
plant in Scotland, based in the most modem prac- 
tice of pulp treatment and the methods being in- 
troduced are certainly worthy of close attention on 
the part of paper-makers. The system as devised 
introduces many ingenious methods for economy 
in fuel and labour. The material is cut into small 
pieces, cleaned and dusted, and then blown into 
the digesters. The requisite amount of caustic 
soda is run into the digester, and the cooking pro- 
ceeds by a new system of circulation. In present 
practice the material is cooked by blowing live 
steam into the mixture, with the result that the 
consequent condensation of the steam increases 
the volume of the liquor to be evaporated for the 
recovery of- soda. In the new system the liquor 
is passed through the grass in the digester through 
an outside circulating system heated by high- 
pressure steam in such a manner that the steam 
condensed is drawn off separately and utilised for 
heating washing water or cooking liquor. The 
volime of liquor in the digester in this case is 
not increased and a definite saving is thus effected. 
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It is proposed to utilise this condensed steam for 
heating up the cooking liquor so that the pulp is 
at once supplied with hot liquor and this again 
means economy in steam. 

When the pulp is sufficiently cooked, the pres- 
sure in the boilers is utilised to discharge or blow 
out the boiled grass direct to the washing tanks or 
diffusers. This method is substituted for the pre- 
sent system of allowing the steam to blow out into 
the air or into water. The practical result is that 
the black liquor containing all the non-fibrous 
organic compounds present in the original esparto 
has a density of something approximating 14° to 
16° Twaddle as opposed to 6® or 8° Twaddle. 

The clean pulp is flushed, out of the diffusers 
Toy water, and passed over screens and sand traps 
similar to those employed for the production of 
wood pulp. 

The whole process is continuous, requiring ver>' 
little attention, and appears to be a great advance 
on the present system. 

The same plant can be used and has been care- 
fully designed for the treatment of bamboo. It 
appears that the knots in bamboo offer no diffi- 
culty, and certainly results obtained on such a 
large scale as that involved in the treatment of 
20 tons should afford sufficient evidence as to the 
value of the method designed by them. 

The most important development, however, in 
connection with esparto, bamboo, and similar 
matenrials such as Indian grasses, is the treatment 
of the black liquor obtained during the process of 
digestion. When these materials are treated with 
caustic soda, some 45 per cent to 50 per cent of the 
original matter is dissolved and the liquor is then 
highly loaded with organic matter. 

In the earlier days of paper making this liquor 
was discharged into open streams and rivers of 
the neighbourhood, but owing to the action taken 
by local authorities it became necessary to devise 
some method of dealing with this black liquor, 
the discharge into streams and rivers being for- 
bidden. A naethod was found in a process by 
means of which the liquor was evaporated to a 
thick consistency, in which condition the mass 
would catch Are and could be burnt, the organic 
matter in solution acting as fuel for a more or 
less complete incineration. The organic soda 
compounds were thus converted into crude car- 
bonate of soda, in which form^ after boiling with 
a deflnite proportion of lime, it was re-converted 
into caustic soda. The methods of evaporation, 
economy of washing water and scientific control 
of the several stages of treatment were gradually 
improved, and the recovery process, at first re- 
garded as the outcome of a mere whim on 
the part of obnoxious local authorities, soon re- 
vealed itself as an important factor in reducing 
costs of production. 

Of recent years, considerable attention has been 
given tor a more scientific method of recovery in 
the hopes of obtaining more valuable bye-products 
than combustible matter. Rinman’s process for 
the conversion of the soluble organic constituents 
into definite bye-products of commercial utility, 
already well established for wood pulps in 
Sweden, has now been applied in these recent ex- 
periments with bamboo, and an estimate of bye- 
products available from a standard bamboo pulp 
mill having a capacity of 10,000 tons air-dry pulp 
per year (using 22,000 raw m^tteriai) is as follows : : 


Price 



Bye-products. 

Estimated 

per 

Total 


kilos. 

kilo. 

price. 

I. 

Methyl alcohol 

388,000 

3 S. 

46,200 

2. 

Acetone used as 




petrol &c 

330,000 


38,500 

3 . 

Ethyl-methylketone 

I- IS. 


(petrol) 

22,000 



4 . 

Light oils (petrol) 

220,000 j 



5 

Heavy oils (Diesel 


Sd. 



oU) 

572,000 

Ii,qi7 


1,650,000 £96,617 


or 1625 tons. 

Rinman’s process is carried out on the following 
lines. The black liquor already suitably concen- 
trated to the required density is mixed with a 
small proportion of caustic soda liquor and a care- 
fully calculated quantity of quick lime. This 
mixture when showing a density of about 40® 
Beaume is kept at a high temperature in proper 
storage tanks. The mixture is fed as required 
into a number of iron trays to the depth of about 
2 cm. These trays fit into square shaped wagons, 
four of which are at one time pushed into the dis- 
tillation furnace, wffiich is perfectly airtight when 
closed up ready for the operation of distilling. 
The temperature of the oven is gradually in- 
creased to 200° C., the heat for this process being 
obtained by burning gases w'hich are given off 
during the distillation process, any extra heat be- 
I ing obtained from a gas generator using coke. 

I At 200® C. the excess moisture is driven off. 

I The temperature is raised to 300® C., and at this 
stage the bye-products given off are mainly crude 
methyl alcohol and hydrogen gas. These pro- 
ducts are drawn off in a suitable manner, 

At an increased temperature of 400® C., the bye- 
products obtained are acetone and light oils. 

The whole operation of distilling occupies about 
i8 hours. The furnace is then cooled and the 
wagons drawn out of the apparatus, the contents 
of each trunk being tipped into water and causti- 
cised with lime. The lime mud, which is neces- 
sarily contaminated with the carbon left from the 
distillation process, is dried in a rotary furnace 
and ultimately burnt at a high temperature in 
another rotary furnace heated from the gas 
generator already described. By this means the 
lime mud is reconverted into quick lime which 
can be utilised over again in the process of causti- 
cising the crude carbonate of soda obtained from 
the distillation furnace. 

If the Rinman process proves commercially 
practicable on a large scale as applied to esparto 
and bamboo, then the prospects for cheap bamboo 
pulp seem bright. The quantity of bye-products 
obtained as shown in the above table amount to 
nearly 10 per cent calculated on the original raw 
bamboo. At present the story reads like a fairy 
tale, but the fact remains that mills are being 
erected in Great Britain having all these new 
applications in view for the treatment of esparto 
and grasses and its application to bamboo is stated 
to be merely a matter of adaptation. 

Mr. E. F. Heyerdahl, of Christiania, said that 
last year he investigated the sulphate process khd 
made trials with dinerent materials. He had had 
a long experience in the treatment of coniferous 
woods, and he had also been to South Africa, 
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where a Norwegian company had a concession for 
the utilisation of papyrus. He carried out ex- 
periments with that papyrus, treating it by the 
sulphate process ; and then made experiments with 
wattle wood and crushed wattle bark by the sul- 
phate process. Recently he had made experi- 
ments with bamboo. The author proposed to 
carry out his digesting process in steps, first tak- 
ing away the starchy matter and pectoses by boil- 
ing water and very diluted caustic soda. The 
author claimed that the action of the sodium 
hydroxide on the lignins did not take place before 
130° C. That was right, and then most of the 
sodium hydroxide was already used up in dissolv- 
ing the starch and the pectoses, but by the sul- 
phate process there were two actual solvents on 
the iignine compounds, Le,j sodium hydroxide and 
sodium sulphide. Sodium sulphide was a very 
strong resolvent for lignin, especially at high tem- 
peratures, and he believed that sulphide acted 
more strongly on lignin than sodium hydroxide, 
over 130*^ and 140° C. In treating bamboo, the 
sodium hydroxide would first dissolve the starch 
and the pectoses. That process would be com- 
pleted at about 130® C., and then the sulphide 
would begin to act and would completely dissolve 
ail the lignins in the bamboo. Another point 
about the sulphide was that it did not act upon 
the cellulose fibres, and, therefore, higher yields 
were always obtained when the sulphate process 
was used, about S per cent more yield on the 
material being obtained by using the sulphate pro- 
cess than by usmg the other process. When 
treating coniferous woods with sodium hydroxide, 
a brownish-coloured pulp was always obtained, 
owing to the fact that during the boiling the iron 
in the wood and the iron in the apparatus were 
dissolved by the sodium hydroxide and precipi- 
tated into the fibres. When the sulphate process 
was used, sodium sulphide dissolved all those iron 
precipitates, and a light greyish pulp was ob- 
tained instead of the brown pulp. In all his ex- 
periments he had only used bamboo chips, as he 
considered the crushing of the complete culms was 
not economical from a practical point of view; 
it reqmred more power and he believed it was not 
good for the fibre. With regard to the yields, 
with the soda process, by a proportion of iq to 20 
per cent he had obtained 42 per cent of imbleached 
pulp, requiring from 16 to 18 per cent of bleach- 
ing powder on the pulp, and an average bleached 
yield of 37 to 39. With the sulphate process he 
obtained yields of from 43 to 45 per cent, with a 
consumption of bleaching powder of 12 to 14 per 
cent, the proportion of actual alkali (NaOH 
NaaSl being 18 to 20 per cent When bamboo 
was cooked and made into a well-boiled pulp it 
was very easy to treat. The washing process was 
very easily carried out, as the water penetrated 
through the pulp very readily, and the washing 
time was reduced to about one-quarter of the time 
required on coniferous woods. Chipping the bam- 
boo without considering the nodes was not good; 
there were too many nodes in the material and 
there would be a loss during boiling of about 5 
to 6 per cent. The culms could be pressed in 
pressing rollers and then the pressed culms 
allowed to pass crushing rollers, which opened 
up the nodes and did not crush the intemodes. 
The flat pressed culms with the crushed nodes 
could be chipped into chips of |in. to Jin, in 


length. By that process a loss of only about i to 
1 per cent of the material would be obtained, and 
at the same time the actual capacity of the diges- 
ter could be utilised to deal with about double 
the amount of material that could be treated if 
crushed bamboo were employed, 

Mr. Heyerdahl exhibited to the meeting some 
samples of bamboo pulps. 

Mr. Hamel Smith remarked that, having always 
been very keen on the utilisation of bamboo for 
paper making, he would like the author to say 
what sort of gospel it would be safe to preach to 
the tropics in the time to come. It was very easy 
tobe too sanguine on such points as had been out- 
lined that afternoon, but after hearing a papei; 
such as that which had been read, one realised 
the many technical difficulties which arose. Any 
one who had been used to sugar plantations could 
not help feeling that bamboos should be able to 
be cultivated on the same lines. One grew the 
cane within a certain area of the factory, taking 
good care to have the factory rather low down, 
if possible, because then the loads could be run 
down hill and the empty trucks up hill with 
greater facility. Also in regard to the question 
of transport, one should centralise the roadways 
or waterways so as to remove the finished product 
with greater facility. The experience on one 
estate, it seemed to him, might help on 
the other. Whether the production of paper 
from bamboo would ever become a private 
enterprise seemed a little doubtful. It was 
one of the queries he had often been asked, 
and he had never been able to give any satisfac- 
tory reply. Probably those who had been in the 
tropics would know that bamboo had been rather 
in bad odour on account of mosquitoes. The last 
estate he was on used to have the most beautiful 
bamboos surrounding it, but he believed that the 
medical authorities ordered them to be destroyed 
as they collected water after the rains, thus 
making a breeding place for mosquitoes. Would 
that sort of trouble rise in connection with large 
areas of cultivated bamboo for a factory? The 
sanitary authorities might raise the difficulty that 
the bamboos were inclined to encourage the pre- 
sence of mosquitoes to a dangerous degree, and 
thus lessen the chances of final success, 

Mr. Arthur Baker (Chairman of the Technical 
Section of the Paper Makers’ Association) said 
the paper was the outcome of long and pains- 
taking research in bamboo by Mr. Raitt, and 
showed what a great industry the paper trade was. 
In Canada and the United States the consumption 
of paper for newspapers alone was two million 
tons a year. Taking the question of bamboo and 
grasses, and considering it from the point of view 
of an industry which might be started in India, 
one had to look at the position of that country as 
a market. India was not a very big market for 
paper. He supposed that in pre-war days it used 
probably about 80,000 tons of paper a year, of 
which the Indian paper mills, some nine in num- 
ber, produced about 32,000 tons. India had im- 
ported about 10 or 12 thousand tons of pulp, more 
than one-quarter of which had come from Ger- 
many and Austria. So that industry could not be 
started on any considerable scale. He agreed 
with the author as to treatment; he thought the 
sulphate process was undoubtedly the best, and 
that crushing was the correct method of dealing 
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with the raw material. If bamboo was to be a 
raw material for the paper-maker, it would re- 
quire to be made on the spot, as the sulphate pro- 
cess created rather objectionable odours which 
would not be tolerated in all communities. He 
thought bamboo would obtain a foothold in India 
for printings, and it might be exported to Austra- 
lia, China, and even South Africa, The ques- 
tion of the use of all new fibre materials resolved 
itself into a s. d. proposition. Unless bamboo 
could compete strictly with other ra-w materials, 
on a £ s. d. basis, it would never become an in- 
dustry either in India or anywhere else. 

Mr. Rolanb Green said that during the war 
they had used bamboo by crushing under a power 
hammer and boiling it in esparto boilers, where 
they had not more than solb. pressure. The con- 
ditions were not at all good; it wanted higher 
pressure and longer boiling. But they had found 
it quite satisfactory, and had had no trouble at 
all after the crushing had been arranged. 

Mr. L, P. Andrews said it seemed to him that 
bamboo was a most extraordinarily easy material 
to handle, and he could not help thinking that* it 
was going to be a great factor m the future. 

Sir John G. Gumming, K C.I.E., C.S.I., in pro- 
posing a vote of thanks to Mr. Raitt for his paper, 
and to Mr. Sindall for his kindness in reading it, 
said it had been known to him for many years that 
Mr. Raitt had been making researches m India 
regarding th^ possibilities of paper-making. Mr. 
Raitt, the Forest Research Institute, and the De- 
partment of the Government of India which con- 
trolled that Institute (of which the Chairman that 
afternoon had been one of the most distinguished 
members), deserved great credit for what had been 
done in that direction. His own interest in the 
matter was two-fold. He* had been over a great 
part of the area both in Bengal and Burma, to 
which allusion had been made, wherein bamboo 
forests of the nature required were to be found. 
Secondly, he was intensely interested m any form 
which industrial expansion in India might take. 

Mr. G. M. Ryan, F.L.S., late Indian Forest 
Service, in seconding the motion, enquired 
whether other plants and grasses had been ex- 
amined for the purpose of finding out whether 
they were suitable for paper-making? For in- 
stance, there was one plant, a common weed 
really, which he thought might be utilised for 
pulp and which could be obtained in very large 
quantities in India, namely, Calotro'pis, The 
fibre was already of use, but with the bark com- 
bined, he thought it might be made applicable for 
paper. He, therefore, would like to ask Mr. 
Sindall whether it would not be possible to use it 
for the purpose of paper, as it contained a large 
amount of cellulose? With regard to bamboo 
unfortunately nearly all the" areas where bamboos 
grew were really on poor soil and unfit for agri- 
culture, so that he did not think private enter- 
prise could develop the industry- Government 
would have to organise the areas referred to 
especially for paper. There was a very la^e de- 
mand in India for bamboo fpr huts, &c. Thete- 
fore, in considering the amoi^^t of bamboo which 
would be available for pd|ftr, a large quantity 
would have to be deducted’ for local needs. It 
would hot do to infringe on jlh^ exist^g econoinid 
uses of bamboo. May years ago in a disftiiGi Sh 
the Bombay Presidency Used to be aiha 


of about 500 square miles extensively covered with 
bamboo forests, which had now disappeared, 
owing to the large demand for bamboo for dwell- 
ings of the people. He thought these forests 
be resuscitated and that no effort should be spared 
by the Government to do this. Another important 
thing was fuel supply. Wood "was in large de- 
mand in India, and the problem was how to get 
it for burning in the paper factories. Recently 
there had been discovered a means by which waste 
vegetation could be converted into solid fuel by 
the Wells process which had been established m 
Eg^'pt- Half-a-million acres of ground had been 
taken uj? there for cultivation, and the scheme was 
first of all to grow waste vegetation to feed the 
machines which would convert it into solid fuel. 
For the purposes of transport, and other means, 
those machines would be of great use in manu- 
facturing fuel from waste products around the 
paper-pulp factories; and he wished to point out 
what a great advantage the new process would be 
for India as regards obtaining fuel in this way. 

Mr. Sindall, in replying to the vote of thanks, 
said that one or two interesting points had been 
raised on the general issue. He diought all were 
agreed that it was not a question of technical 
difficulty at all. The matters arising out of the 
actual treatment of the bamboo and the technical 
problems involved had been Very largely settled. 
Nor were there any rival methods in use. As Mr. 
Baker had said, the whole question was one of 
£ s, d. — whether it was commercially possible. 
No private enterprise could possibly succeed un- 
less there was a prospect of profit, and that was 
ail the paper-maker or the pulp-agent was con- 
cerned with With reference to the amount of 
bamboo available, the point raised by Mr. Ryan 
was an important on^, because bamboo certamly 
had a distinct market yalue in the towns, and one 
would necessarily therefore be compelled to seek 
such regions in which bamboo was growing freely 
and where the cost involved was merely that of 
cutting down and collecting. It followed, there- 
fore, that there would not be cultivation of bam- 
boo as ordinarily understood, but a proper con- 
trol of growth in areas allocated to or belonging 
to the mill. With respect to grasses, they were 
being used in large , quantities by several 1 mills. 
The difficulty with some of the grasses in India 
was that the yield was very low, an4 therefore it 
was not a commercial proposition. The question 
of the suitability of bamboo in paper-nial^g had 
been settled long , He supposed the reason 
why private enterprise had been rather backward 
in ^ the matter was because it cost £ 100,000 to 
£150,060 to put dowa even a small mill in an 
enterprise regarded as somewhat speculative. 
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Government. Where his gifts justify it, he will 
be provided with the best education which the 
country' can offer. In, the advanced classes of 
certain Lycees as many as 75 per cent of the pupils 
hold bourses. The Government maintains schools 
of university grade for genius. Entrance to these 
schools is by competitive examination, and the 
number to be admitted each year is limited. Such 
schools are the Ecole Normale Superieure and the 
Ecole Polytechnique. In the Ecole Normale 
literary and scientific studies are both provided 
for. On the literary side the nmber admitted 
annually is limited to 30; on the scientific side 
to 22. The number of candidates for admission 
in science is normally about 150, all young men of 
exceptional ability. Of these then about 85 per 
cent are rejected. It is to be noted also that of 
those accepted, many will have made the attempt 
more than once. Conditions are pretty much the 
same in regard to the literary candidates. The 
students at the Ecole Normale follow the lectures 
at the Sorbonne. They also have special courses 
of their own, which are sometimes supplementary 
to those of the Sorbonne. They live in residence, 
study under direction, have a library at their dis- 
position, and work in their own laboratories. 
After three years in residence, the students are 
again sifted by examination. The most gifted are 
directed tow^ard the career of the university pro- 
fessoriate. The others supply a brilliant nucleus 
for the teaching staffs of the Lycees, Those 
students whose way has been paid by the Govern- 
ment are under obligation to take service with it 
for ten years, and it in turn is under obligation to 
furnish them with employment. Half the 
students at the Ecole Normale are under these 
conditions. 

The number admitted annually to the Ecole 
Polytechnique is in the neighbourhood of 200. 
These would normally constitute about 20 per 
cent of those who write on the examination for 
entrance. The course at this great engineering 
school lasts for two years, after which the student 
is sent on to the Ecole des Mines, the Ecole Cen- 
trale, the Ecole d’Artillerie, or some other school 
for a practical course. Of this school Joffre, 
Foch, Petain, Nivelle, and others of the more 
notable French generals in the war just past are 
graduates. It was with a certain satisfaction that 
one learned that a Frenchman had been appointed 
General-in-Chief of the Allied Armies; for it was 
practically certain that he would be a graduate 
of the Ecole Polytechnique. This would be a 
sure guarantee of his intellectual calibre, for he 
would be select among the select. One could rest 
assured, too, that on top of his course at the Ecole 
Polytechnique he would have received an ad- 
vanced technical training proportioned to his 
natural ability. 

There is a strong mathematical trend to the 
training given in the Ecole Polytechnique and it 
IS quite remarkable what a number of famous 
mathematicians have been turned out by this 
school. It is hardly necessary to add that gradu- 
ates of the school whose way has been paid by 
the Government are under obligation to take ser- 
vice with the Gkivemifient. The Government, too, 
finds good use for their services, not alone as 
officers, but also in important civil capacities. 

The candidate who fails to obtain entrance to 
the Ecole Normale or the Ecole Polytechnique 


may have better success with the Ecole des Mines, 
or the Ecole Centrale, schools also with limited 
admission. In any case there will be nothing to 
prevent him hearing lectures at the Sorbonne, for 
attendance on the courses given there is not 
limited as at the other schools I have mentioned. 

In England it will shortly be as in France that 
the boy of exceptional ability will be able to pur- 
sue his studies as far as he will, however indigent 
the circumstances of his parents may be. At pre- 
sent there is nothing to prevent him completing 
his course in the secondary school, for plenty of 
scholarships to that end are offered by the county 
councils. There are also more than enough 
scholarships in classics for entrance to the univer- 
sities. In science and moderns, however, such 
scholarships are lacking The funds to redress 
the balance here have been promised, so I am 
told, and it will not be long until arrangements 
have been made which will provide for carrying 
the boy of outstanding ability right through the 
secondary school and the university, or higher 
technical institution of university grade, and 
training him for research if his tastes incline that 
way. 

The experience of the Naval Dockyard Schools 
in England furnishes an interesting commentary 
on the amount of brain waste there must be in 
classes of the community where better educational 
opportunities are not available. The schools here 
referred to are conducted for the benefit of ship- 
wright apprentices who work m the Dockyards. 
The apprentices who distinguish themselves in 
their studies are transferred to the Engineering 
College at Keyham for a year, and if their show- 
ing justifies it, they are then sent on to the Royal 
Naval College at Gree/iwich for the three years' 
course at that Institution. 

The majority of the present Constructive Staff 
at the Admiralty Dockyards were formerly 
students at the Dockyard Schools. These same 
schools have furnished a succession of distin- 
guished Directors of Naval Construction at the 
Admiralty. Among these one might mention Sir 
William White, the designer of the pre-Dread- 
noughts, and Sir Philip Watts, designer of the 
first Dreadnought; others are Sir E. Reed, and 
Sir N. Barnaby, Sir J. Marshall, who started as 
an apprentice in a Dockyard school, became, later 
on, Director of the Dockyard. Sir J. Biles, Pro- 
fessor of Naval Architecture at Glasgow, had the 
same start, and this was the case also with Mr. S. 
J. P. Thearle, formerly Chief Surveyor of 
Lloyd's. Others could be named who have occu- 
pied or who are at present occupying commanding 
positions with some of the largest private ship- 
building concerns in Great Britain. 

What a pity it would have been had such pre- 
cious material been lost to great Britain. What a 
pity it is that so much material of like character 
has been lost and is being lost to Great Britain 
and the Empire. What a pity it is, too, that in 
Canada no adequate effort has been made to sal- 
vage equally good material. 

The indications are that Great Britain will, in 
the near future, realise more largely on her latent 
intellectual resources ^ than she has done in the 
^ast To compete with Germany in technically 
trained men, however, she will have to increase 
the flow of students from the secondary schools 
to the universities and higher technical institu- 
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tions by ever^' means at her command. Mr. 
Fisher’s Education Bill will help greatly to that 
end when it comes completely into force seven 
years hence. Under its provisions a pupil who 
has reached the age of 14 years of age will have 
the alternative of continuing his studies on full 
time for two years longer or of studying part time 
until he reaches 18. This will bring him to 
within sight of entrance to the university. The 
indications as to who should take a university 
course ought to stand out fairly definitely by this ; 
time, and the scholarships referred to above, will, , 
no doubt, make their appeal to the ambitionus | 
student. ^ I 

In a recent number of Nature (August 15, 1918), j 
Prof. R. A. Gregory has given some figures with 
regard to the relative attendance at universities in 
England, Scotland, Wales, and Ireland, the 
United States, and Germany, from which a little 
analysis will draw rather interesting conclusions. 
The number of university students per 10,000 
population IS approximately 14 in Germany, 10 in 
the United States, 5 in England, 17 in Scotland, 

7 in Ireland, 6 in Wales. In givmg the figure 
for the United States, Prof. Gregory has based 
It on the 72 universities on the accepted list of the 
Carnegie Foundation. In Canada, as a whole, 
the figure would be about 15, and in Ontario it 
would bulk somewhere in the neighbourhood of 
25. Here no account has been taken of the differ- 
ence in standards for entrance to the universities 
in different countries, or of the difference of age 
at which the student is prepared to enter. In 
Germany the average age at which the student 
leaves the gymnasium is between 20 and 21. In 
Great Britain the usual age of entrance to a uni- 
versity is between 17 and 18, except in the case of 
Oxford and Cambridge, where it is between 19 
and 20, With us, the normal age of matricula- 
tion is 18, and it is about the same in the United 
States, Taking these facts into account, it will 
be seen that most of that which passes as univer- 
sity work in Great Britain, Canada, and the 
United States w^ould be of gymnasial standard in 
Germany. If we would compare the number of 
students in the several countries, on the basis of 
the university standard in Germany, we would 
probably not be doing injustice to any of tie other 
countries concerned by giving for every 10,000 of 
population the figures 14 in Germany, 3 in the 
United States, 3 in England, 6 in Scotland, 3 in 
Ireland, 2 in Wales, 5 in Canada, 8 in Ontario. 

While in Paris last summer, I foimd that the 
total attendance for the year 1913- 14 at universi- 
ties and other educational institutions of univer- 
sity grade in France was in the neighbourhood of 
26,000. This is at the rate of a little more than 
6 per 10,000 population. It would hardly be 
necessary to cut this figure down as much as we 
did with the corresponding figures for other allied 
countries. In comparing the university status of 
France with that of Germany, too, it would only 
be fair to take account of the selective policy 
adopted by the former country with regard to the 
intellectually gifted. 

One must not be too hasty- in finding implica- 
tions in the figures we have mentioned or in draw- 
ing conclusions from them. They do not imply 
that the intellectual status of Germany compared 
with that of England is as 14 to 3, nor do they 
give the relative positions of the two countries in 
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regard to scientific achievement. The scientific 
status of a country is determined principally by 
the quality of the output of its foremost research 
ivorkers. The status of England in science com- 
pared with that of Germany is in the aggregate, 
no doubt, higher than that given by the ratio 3 
to 14. This would seem to indicate that among 
the scientists trained in England is to found a 
larger proportion of high grade ones than is the 
case with those who are trained in Germany. 
This may or may not imply a smaller proportion- 
ate waste of scientific material among the men of 
highest intellectual capacity in England than 
among those who are of a somewhat lower grade. 
It might imply that the average intellectual level 
of the classes in England from which the ranks 
of science are recruited is higher than that of the 
classes in Germany from which science draws her 
recruits. My own impression is that the average 
Englishman has been endowed by nature with 
more intelligence than the average German. 
There can be no doubt that the amount of brain 
power which is undeveloped and which goes to 
waste in England is something enormous. The 
one thing that the figures just given do tell us is 
that in Germany there are more young men in 
proportion to population who prolong the period 
of their studies and receive an advanced trainmg 
than there are in other countries. Of these young 
men science secures its full share. As a conse- 
quence, a larger number of highly trained men 
are available for the purposes of science and in- 
dustry in Germany than elsewhere. It would 
appear that nien of such training have been spared 
by Germany during the war as they have not been 
spared by the Allies. 

Two months ago, while in London, I had a con- 
versation with Dr. E. C. Worden, chemical ex- 
pert of the Bureau of Aircraft Production, Wash- 
ington, D.C., who had been commissioned to re- 
port on the chemical factories in the occupied 
portion of Germany. He had furnished detailed 
reports on 62 chemical factories. The largest of 
these was the factory of the Bayer Company, at 
Leverkusen, 12 miles from Cologne. At this fac- 
tory over 3,000 tons of pharmaceuticals, dyestuffs, 
and other chemicals were awaiting export. The 
plant is equipped with 3,500 telephones. At the 
time of Dr. Worden’s visit, over 500 research 
chemists were at work, and to these several hun- 
dred more would be added as soon as the raw 
materials were available. According to Dr. 
Worden, Germany kept her technical forces un- 
impaired by the war. She placed her technical 
men in positions where they did not run too much 
risk. 

An economic blockade has been divested of 
some of its terrors for the Germans, for the Haber 
process has been so improved that they can ob- 
tain an ample supply of nitrates from the air. 
Their agricultural needs in this connection. Dr. 
Worden states, will be satisfied for all time. At 
the Badische Anilin und Soda Fabrik, located 
near Ludwigshafen, above Coblenz, on the Rhine, 
they are in a position to extract the nitrogen from 
2I cubic miles of air daily. This company has a 
new research laboratory which, with its equip- 
ment, cost $750,000. In many cases where the 
Germans used a chemical plant for making ex- 
plosives, they erected in the neighbourhood a 
substantial factory on a scale at least equal to 
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that of the plant •which was being utilised for war 
purposes, and the factories so erected were all held 
in readiness to begin operations as soon as the war 
was over. The expectation was, of course, that 
these new plants would be paid for by the Allies, 
and no expense, therefore, was spared in their 
preparation. It is hardly necessary then to re- 
mark that Germany, so far as the chemical in- 
dustry is concerned, is in splendid condition to 
resume competition with the other nations of the 
world. 

It evidently behoves the Allies to increase not 
only their university attendance, but more par- 
ticularly also their output of research workers. 
This would be advisable under any circumstances. 
It becomes doubly urgent in the face of a German 
competition backed by an ample supply of scienti- 
fically trained workers. Nowhere is it more 
necessary to take stock of one’s scientific position 
than it is in Canada. 

The figures already given for university atten- 
dance. do not appear to place Canada in an un- 
favourable light as compared with countries other 
than Germany. Gauged by the second set of 
figures, however, Canada as a whole, and even 
Ontario, show to disadvantage in comparison with 
Germany. The actual diadvantage, too, is 
greater than that implied in the ratio of 8 to 14. 
For the 8 Ontario students would, on the average, 
be less mature than the 14 German students, and 
would include among them a smaller proportion 
who are engaged on more advanced work, and 
preparing to do research. If we limit ourselves 
to the upper ranges of University work, that is 
to say, to the preparation of research workers, 
Canada hardly compares with the United States, 
and Ontario itself is quite outclassed by certain 
States of the Union. It may be remarked, how- 
ever, that we in Ontario are getting under way. 

I have referred to the assistance in the form of 
scholarships and bourses extended to the poor 
boys in England and France We have nothing 
that corresponds to this in America. Our idea of 
a scholarship is a comparatively small prize not 
at all proportionate to the keep of a boy for a 
year, let alone several years in succession. Our 
nearest approach to the English conception of a 
scholarship is what we call a fellowship. This, 
however, is only available to a graduate student 
The attached stipend is usually a meagrfe one, and 
the fellowship may or may not be renewable for 
a second or third year. ^ It is o-ften utilised, too. 
as a pretext for securing a certain amount of 
che^p teaching. 

(To be continued) 


THE REVISION OF THE ATOMIC WEIGHT 
OF LANTHANUM. 

Preliminary Paper — ^The Analysis of 
Lanthanum Chloride. 

By GREGORY PAUL BAXTER, MUNEO TANI, and HAROLD 
CANNING CHAPIN.. 

In line with the recent determinations of the 
atomic weights of neodymium (Baxter and 
Chapin, Journ. Am, Chem. S&c.^ 1911, xxxiii., 
16 J Baxter, Whitcomb, Stewart and Chapin, ibid., 
1916, xxxviiL, 302), and praseodymium {Baxter 
and Stewart, ibid.^ 1915, xxxvii., 516), the atomic 
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weight of the closely related element, lanthanum, 
has been subjected to investigation by a method 
essentially identical with that used for the other 
two elements. This investigation was begun in- 
dependently by Chapin, who purified by fractional 
ciy^stallisation a considerable quantity of lantha- 
num material and began the analysis of the 
chloride. A second sample of impure lanthanum 
salt was fractionated in a similar way by Tani. 
Although it has not been possible to complete the 
analysis of a sufficient number of fractions of 
material to fix the atomic weight of lanthanum be- 
yond question, yet since the work has been inter- 
rupted for an indefinite period, the preiiminar>" re- 
sults are presented in a brief fashion. 

The Purification of Lanihanum Salt. 

The purification of the lanthanum material was 
effected by fractional crystallisation of the double 
ammonium nitrate. The original material used 
by Chapin was very kindly furnished by Dr. H. 
C. Miner, of the W^elsbach Light Company. The 
material fractionated by Tani consisted of the less 
soluble portions resulting from the fractionation 
of crude praseodymium ammonium nitrate (Bax- 
ter and Stewart, loc. cit.), which also had been 
furnished by Dr. Miner for the previous investi- 
gation on praseodymium. 

According to Auer von Welsbach, in the crystal^ 
lisation of the double ammonium nitrates, the 
bases separate in the order, lanthanum, cerium, 
praseodymium, neodymium, samarium, terbium, 
and ytterbium earths (A. von Welsbach, 
Sitsungsb, Acad. IViss. Wien^ 1903, cxii., 1043), 
Because the lanthanum separates at the head of 
a series of fractions the purification of lanthanum 
is simpler than that of any other rare earth. It 
is also economical of material, because rejection 
of fractions containing impurities is necessary at 
only one end of the series. The fractionation was 
carried out by dissolving the double nitrate in a 
very dilute solution of nitric acid and allowing 
the salt to crystallise. The ciy^stals were then 
dissolved and recrystailised ; the mother liquor 
was evaporated to crystallisation. The mother 
liquor of the less soluble fraction was now com- 
bined w’lth the crystals of the more soluble and 
the process continued until the number of frac- 
tions was 12 or more. The mother liquor of the 
most soluble fraction ‘was frequently rejected 
The crystals from the least soluble fraction, as 
soon as it became small, were, in the case of 
Chapin’s fractionation, separated and preserved 
to be united later with similar fractions, but the 
mixture was never returned to the fractionation 
series. In Tani’s fractionation, as soon as the 
least soluble fraction became very small, it was 
set aside, and later added to the extreme fraction 
of a later series of crystals, so that no material 
was removed from the less soluble end of the 
fractionation series. 

_ In Chapin’s fractionation, g6 senes of crystal- 
lisation were made, involving over 2300 fractions. 
In Tani’s fractionation, although the number of 
series of crystallisations was the same, the total 
number of fractions was only somewhat over i looy 
owing to the more frequent rejection of the most 
soluble fraction. The final series contained 39 
fractions in Chapin’s, 12 in Tani’s fractionation. 

The crystallisation was continued in both cases 
until the most soluble fraction, when its absorp- 
tion spectrum was examined, seemed to be free 
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from praseodymiim. F urtkermore, the most 
soluble fraction in the last series of Tani’s 
material, No. 12, was tested for cerium by passing 
chlorine into a suspension of its hydroxide m 
dilute aqueous sodium hydroxide. The cerium 
dioxide remaining was found to represent about 
I per cent of the whole fraction. Fraction No. 
8, in the last series of crystallisations, when ex- 
amined in the same ’way, gave no indication what- 
ever of cerium. Since the atomic weights of 
cerium and lanthanum are separated by only a 
single unit, even i per cent of cerium would affect 
the average atomic weight of the mixture by only 
one-hundredth of a unit, hence the first eight frac- 
tions must have been amply pure for the purpose. 
The absence of cerium, since it falls between 
lanthanum and praseodymium in the order of 
separation, insures the absence of praseodymium 
as well. 

The arc spectra of the different fractions were 
examined by photographing the ultra-violet re- 
gion, A5000-2200, with a Fery quartz spectrograph. 
Pure graphite electrodes were used. In the spec- 
trogram of Tani’s Fraction No. ii, which must 
have contained less than i per cent of cerium, the 
lines of this element were plainly visible, but in 
the case of Fractions i and 5, even the presence 
of the stronger cenum lines was doubtful. This 
was also the case with Chapin’s fractions 3 and 4. 

The Pre'paration of Lanihammi Chloride . — 
Selected fractions of material were converted to 
chloride in a fashion identical with that used in 
the case of neodymium and praseodymium, as 
fojlows. Lanthanum oxalate was precipitated 
wfith an excess of oxalic acid and the precipitate 
was washed, dried, and ignited in an electrically- 
heated muffie to a mixture of oxide and carbonate. 
Then the oxide was dissolved in nitric acid and 
the process repeated twice. The ignited oxide 
was now dissolved in a quartz dish in hydrochloric 
acid which had been distilled through a quartz 
condenser. After the solution had been evapor- 
ated to small bulk, the salt was separated by 
saturating the solution at zero degrees with hydro- 
gen chloride conducted to the solution through a 
quartz tube. Centrifugal drainage followed, and 
then the salt was recrystal Used four times in the 
same way. In order to remove superficial water 
as far as possible, it w^as left in a vacuum dessi- 
cator oyer fused potassium hydroxide for some 
time, with occasional crushing in an agate mortar. 

All of the reagents were carefully purified by 
processes jthat have been described in some detail 
in the papers on atomic weights of neodymium 
and praseodymium. 

The Drying of Lanthanum Chloride. — In order 
to prepare the lanthanum chloride in as nearly 
as possible an anhydrous condition, the crystal 
water was first removed by a series of processes 
of effiorescence, and the salt was finally fused as 
rapidly as possible in a current of dry hydrogen 
chloride. As has been pointed out previously 
[JoHpi. Am. Chem. Soc.^ tqiSj xxxvii,, 527), it is 
of vital importance that the moisture be removed 
as far as possible at a low temperature before the 
final fusion, otherwise basic lanthanum chloride 
forms in appreciable quantities. The transition 
temperature of the heptahydrate Tve found to be 
about 91°- Therefore, until the greater part of 
the crystal water had been expelled, the tempera- 


ture was maintained below 85°. Then the tem- 
perature was raised to about 130°, where the last 
molecule of crystal water evaporates. As soon as 
this process apparently was complete, the tempera- 
ture was raised to about 360°, and kept at this 
point for some time. Finally, the salt was fused 
as rapidly as possible by means of an electrically 
heated sleeve. The salt was probably heated to 
nearly 1000“ in this operation, for Bourion 
(Bourion, Ann, chim. fhys.^ 1910, [8] xx., 547) 
found the melting point to be 890°. During the 
drying the salt was contained in a platinum boat 
placed in a transparent quartz tube connected with 
a glass-bottling apparatus, which is essential for 
the subsequent handling of hygroscopic salts. 
(Richards and Parker, Froc. Am. Acad.j 1896, 
xxxvii., 59). * 

After the fusion of the lanthanum chloride it 
was allowed to cool rapidly, and the hydrogen 
chloride was displaced by nitrogen, and this in 
turn by air. Then the boat was transferred from 
the quartz tube to the weighing bottle without ex- 
posure to moisture, and weighed. 

In some instances the salt gave a perfectly clear 
solution in water ; in others, owing apparently to 
difidculty and delay in attaining the rather high 
fusing point of the chloride, traces of insoluble 
material were visible. Although not analysed, 
there is little question that this was the basic 
chloride, for both neodymium and praseodymium 
chlorides, under similar circumstances, become 
slightly basic (Jour. Am. Chem. Soc.j 19153 
xxxvii., 527; 1916, xxxviii., 305). The quantity 
of insoluble material apparently never exceeded a 
few tenths of a milligrm., and on allowing the 
solution to stand for a day or two, the basic salt 
dissolved completely in most cases. 

The Method of Analysis. 

The method of analysis was like that previously 
used with neodymium and praseodymium and 
other chlorides. The salt was dissolved in water 
and the solution was diluted to a volume of 1000 
to 1500 cc. in a glass-stoppered precipitating 
flask. Pure metallic silver, equivalent to the 
chloride within a few tenths of a milligrm., was 
weighed out, dissolved in nitric acid and diluted 
to about the same volume. The silver solution 
was then added to the chloride solution in small 
portions,* with frequent agitation. After standing 
at room temperature for some time, the clear solu- 
tion was tested in a nephelometer for excess of 
chloride or silver. The estimated deflciency of 
either was added in the form of 0*01 N solution, 
and the solution was again thoroughly shaken, 
allowed to clarify and tested as before, and the 
process was repeated until exactly equivalent 
quantities of silver and chloride had been used. 
In computing the quantity of silver equivalent to 
the chloride, allowance was made for solution re- 
moved and not returned in the nephelometric 
tests. In all but one of the analyses several 
months intervened between the precipitation and 
the final adjustment of equilibrium, so that 
occluded material had abundant opportunity to he 
leached out. 

After the end-point of the comparison had been 
established, an excess of 0^05 g. of silver nitrate 
was added for each litre of solution and the analy- 
ses were allowed to stand some time longer. 
Then the silver chloride was washed several times 
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No. 



Wt. of 

Wt.of 

Wt. of Ag Corrected Wt. 

Atomic 

of 


Fraction 

Lada 

Ag in 

added or 

of Ag m Ratio 

Wt. of 

Anal' 


of 

vacuum. 

vacuum. 

substracted. 

vacuum. LaClg 

lanth- 

ysis. 

Analysis. 

Lad3 

G. 

G. 

G. 

G. 3 Ag. 

anum. 

I. 

Chapin 

. . C27 

3-45559 

4-55597 

+0*00353 

4-55950 0-757888 

138*910 

2. 

Tani 

... C3+4 

5-75303 

7*59221 

-0*00087 

7-59134 0-757841 

138-897 

3 * 

Tani 

... C 3 -h 4 

8* 18782 

10*80358 

+0*00003 

10*80361 0*757878 

138*909 

4. 

Tam . . 

... Ti 

6* 80122 

8-97404 

-0*00045 

8-97359 0-757915 

138*921 

5 - 

Tani 

... Ti 

6*73670 

8*88887 

-0*00058 

8*88829 0*757930 

138-925 

6. 

Tani 

... Ts 

5-43254 

7*16816 

.—0*00044 

7-16772 0-757919 

138*922 







Average, 0*757895 

138-914 




Series II. 

LaCla : 3AgCl. 



No. 



Wt. of 

Wt. of 

Loss in 

Corrected Wt. 

Atomic 

of 


Fraction 

Lada m 

AgCi m 

wt. on Dissolved AgCl in Ratio 

wt. of 

Anal- 


of 

vacuum. 

vacuum. 

fusion. AgCl. 

vacuum. LaCU 

lanth- 

ysis, 

Analyst. 

Lads 

G. 

G. 

G. G. 

G. 3 AgCl. 

anum. 

7. 

Chapin ... . 

.. C27 

3-67748 

6-44443 

0*00014 0*00 I2Q 6*44558 0*570543 

133*969 

8. 

Tani 

... C3+4 

5-33464 

9-35196 

0*00042 0*0010 la 9*35255 0-570394 

133*905 

9 - 

Tani 

... C3+4 

5-75303 

10*08459 

000029 o'ooiSi io*oS6u 0*570391 

138*904 

10. 

Tani 

... C3+4 

8*18782 

14-35541 

0*00041 0*001 

25 14-35625 0*570331 

138*880 

1 1. 

Tani ... . 

.. Ti 

6* 80 122 

11*92149 

0*00017 0*00200 11*92332 0*570405 

133*909 

12. 

Tani ... . 

.. Ti 

6*73670 

1 1*80828 

0*00021 0*00145 11*80952 0*570438 

138*924 

13. 

Tani . . . 

.. Ts 

5-43254 

9*52361 

0*00022 0*00124 9*52463 0*570368 

133*893 







Average, 0*570410 

138*912 

(a) The concentration of AgCl m the 

aqueous washing was assumed to be the average 

of that 

found in the other experiments, 0*00120 

g, per litre. 




with silver nitrate solution containing 0*05 g. per 
litre, and many times with cold water, before 
being collected on a weighed platinum-sponge 
Gooch crucible. The chloride was dried in an 
electrically-heated air-bath at 290® for at least 
18 hours and weighed. Residual moisture was 
determined by the loss in weight when the main 
bulk of the precipitate was fused in a porcelain 
crucible. The weight of silver chloride dissolved 
in I litre of the filtrate and silver nitrate wash- 
ings, was assumed to be 0*00005 g. per litre (cal- 
culated ’from the solubility product of silver 
chloride at 20® as found by Kohirausch, i x ro-^®, 
Z. fhysik, Che 7 n,j 1908, Ixiv., 167). Chloride dis- 
solved in the aqueous washings, together with that 
obtained from the precipitating flask by rinsing 
with ammonia, was estimated by nephelometric 
comparison with standards. 

In most of the experiments the portions of the 
original solution removed for nephelometric com- 
parisons were rejected, and a correction o| 0*00015 
g, was added for each 100 cc, of solution removed. 
In a few experiments the test portions were re- 
turned and a correction applied for the silver 
chloride thus introduced. 

All objects were weighed by substitution for 
similar counterpoises, a No. 10 Troemner balance 
being used for the purpose. Weights were 
standardised to hundredths of a milligrm. by the 
Richards substitution method (Richards, Jotirn, 
Am, Ckem, Soc., igoo, xxii., 144). The following 
vacuum corrections were applied. 

Vacuum correction 
Specific gravity, per G. 

Weights S’3 

LaCla , 3 * 047 ^ -1-0*000159 

AgCl 5*56 -l-o-ooooyi 

Ag ... 10*49 —0*000031 

(a) Matignon, Compi, Reni., 1905, cxL, 1339. 

The foregoing table includes all the experi- 
ments made by Chapin and Tani. Two analyses 
made by W. A. Turner with another fraction are 


not included because the fused salt and its solu-* 
tion were not satisfactory in appearance. 

The average atomic w*eight of lanthanum found 
by us, 138*91, is nearly one-tenth of a unit lower 
than the value selected by the International Com- 
mittee on Atomic Weights, 139*0, but just as much 
higher than the value 138*8 calculated by Clarke 
(Smithsonian Misc. Coll , “Constants of Nature,” 
Part V. “A Recalculation of the Atomic Weights,” 
1910, 493). Nearly all the earlier determinations 
depend upon the results of methods in which lan- 
thanum oxide plays an important role. The re- 
cognised difficulty of preparing rare-earth oxides 
free from traces of the compounds from which 
they are made by ignition is probably a chief 
cause of the wide variation among earlier deter- 
minations. 

It is to be noted that the presence of the usual 
companions of lanthanum, namely, cerium, 
praseodymium, and neodymium would raise the 
apparent atomic weight of lanthanum so that the 
value obtained in this investigation unquestion- 
ably represents a maximum . — J oxtrnal of ike 
Avierica^i Chemical Society May, 1921. 

ABSTRACTS OF SOME RECENT FOREIGN 
PATENTS. 

Norway. — Urea being a very good fertiliser, 
various methods have been proposed for its pro- 
duction, Commercial cyanamide has been the 
principal material employed, it having been pro- 
posed to treat it with an acid or different acid 
salts. The use of acids, however, is very expen- 
sive and inconvenient. One might suppose that 
when commercial cyanamide *or neutral or basic 
salts is treated with water, the cyanamide, owing 
to the presence of water, is converted into di- 
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cyanamide or ammonia. According to a recent 
invention by M. Egil Lie and the North-Western 
Cyanamide Co., of Norway, the surprising dis- 
covery has been made that urea can be obtained by 
employing soluble salts of alkaline ^ or alkalino 
terreous metals, without the use of acids.^ (517900). 

Humid nitrate of urea being very acid, is not 
satisfactory when utilised as a fertiliser, owing to 
the action of this acidity on the soil, and the fact 
that the bags in which it is packed are liable to 
be destroyed in damp air. All this is remedied, 
it is claimed, by the “Narsk Hydro-Elektrisk 
Kvaelstofaktieselskab’’ by mixing the nitrate of 
urea with carbonate of lime. When this fertiliser 
is put into a humid soil and the components of the 
mixture begin to act, nitrate of lime is formed, an 
excellent fertiliser, especially in a soil poor in 
lime. Free urea is also an excellent fertiliser. 
Then carbonic acid gas is produced, which dis- 
solves the other plant foods, without attacking the 
roots, (517478). 

Belgium. — ^An invention for utilisation of 
sewage, night-soil, &c , by M. V. D. Steyaert, 
consists in incorporation of bisulphate of soda, 
NaHSO^, with the crude materials. Thus the 
ammoniacal matter is transformed into a solid 
odourless product, which can be put into bags and 
kept without loss of nitrogen, and is sufficiently 
rich in fertilising elements, A specially con- 
structed plant is employed from which the dry 
fertiliser makes its exit. (517548). 

Holland. — A Dutch inventor, Mr. A. Messer- 
schmitt, discovered that it is possible to decom- 
pose certain rocks containing potash, especially 
ieucite, so rapidly and profoundly, by heating 
them with solutions of salts of soda at a high 
temperature and under pressure, that the re- 
action is practically utilisable to obtain potassic 
fertilisers soluble in water and pure' potash salts. 
If, for example, a finely pulverised Ieucite slime 
is heated with a solution of soda salts in auto- 
claves under pressure, provided with agitators, 
the potash in the rock is displaced by soda, and a 
mixture is obtained formed of an aqueous solution 
containing the separated potassium salt and resi- 
dues soluble in water, which after removal of the 
soda can yet give potash. The slime when dried 
gives a fertiliser of great value. (S7836S).' 


NOTES. 


The John Fritz Medal, the highest honour 
that can be conferred by the American engineering 
profession, has been presented to Sir Robert Had- 
field. In presenting the medal, the American 
societies “express their high regard and apprecia- 
tion for what the British engineers did in the 
war for the preservation of civilisation.’^ 

The Analyst for July contains an important 
paper by John C, Thresh, M.D , D.Sc,, F.I.C., 
on the , ‘‘Action of Wate? upon Lead.” A great 
many carefully conducted experiments are des- 
cribed, and as the matter is one that the late Sir 
William Crookes devoted much time to, on 
account of its great national importance, we draw 
attention to the foliovring conclusions arrived at 


by the author : “The experiments recorded prove 
that water has no action whatever on lead; that 
it is the foreign matters dissolved in water which 
affect the metal, the oxygen combining with it to 
form a soluble oxide or hydroxide, which remains 
in solution (to the point of saturation) in the ab- 
sence of other substances capable of combining 
with it. This solution is of a colloidal nature, 
and of such coarse degree of dispersion or so 
liable to adsorption that it will not pass through 
a Pasteur filter, and may not even pass a fine 
paper filter. In the presence of acids forming 
soluble lead salts, such salts are formed, and will 
pass through any filter. If the acid forms in- 
soluble salts, these are thrown down, and may be 
deposited on the metal in such a way as to pre- 
vent any further action.' Any soluble salts pre- 
sent in the water may likewise act upon the lead 
hydroxide. Water is merely an inert medium, 
by means of which these foreign substances are 
enabled to act upon each other, the water itself 
taking no part other than that of a solvent.” 

Professional Status. — A Fellow has directed 
attention to a letter which appeared in the Sydney 
Morning Herald early in Februarj^ commenting 
on announcements regarding vacancies under the 
Public Service Board : Head teacher biacksmith- 
ing — qualification, technical experience in the 
trade, salaiy^ Head teacher, plumbing — 

qualification, expert knowledge of the trade, 
salai^ £340; Bio-chemist,' Health Department — 
qualification, special training in bio-chemistry, 
Physiological chemistry, and immunology, must 
hold a university degree as Bachelor of Science — 
salary ;£298 15s. Under the 7 i 07 H de flume “Per- 
plexed Parent,” the writer of the letter comments 
on the circumstance that a man specially trained 
in three abstruse branches of science is offered a 
salary which the authorities do not dare to offer 
to a plumber, and shows good reason for hesi- 
tating whether to give his son a university train- 
ing or to put him to plumbing. It is clear from 
the above that the Australian Chemical Institute 
and analogous orgamisations in the British Com- 
monwealth mlist continue to co-operate actively 
in fostering among Government Departments a 
higher appreciation of science if the Empire is to 
reap the best advantage from its talent . — Journal 
of the InstitiHe of Chemistry^ June, 1921. 

Chilian State Railway Requirements. — Ten- 
ders are invited by the Chilean State Railways up 
till 10 a.m. on August 31 next for the supply of 
epaery and grindstones, bolts, nuts, cotter-pins, 
rivets, nails, and screws, telegraph and telephone 
apparatus, chemicals, &c. The estimated value 
of the inaterial required is ;^44,ooo. Copies of 
the specifications (In Spanish) may be seen by 
United Kingdom manufacturers and exporters on 
application at the Enqmry Room of the Depart- 
ment of Overseas Trade, 35, Old Queen Street, 
Westminster, S.W.i. It is understood that the 
representative of the Chilian State Railways in 
Paris ((88, Boulevard St Michel) has been in- 
structed to obtain prices in the United Kingdom 
and remit samef by cable on the day previous to 
the opening of tenders. 

GENI^RA’RVE of MAONESIUM.^The 

demands for magnesium during the war, directed 
the attention of M. Matignon to the question of 
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new methods for manufacture of this metal. He 
sought for an' economic method, studying the 
three following reactions for this object : (i) 

MgCh soi+CjCa sol ^=CaO soi +2Csoi +Mg sol +22*4 
cal.; {2) MgO soi + C^Ca col =CaOsoi+2C+Mg sol 
*-8'4 cal.; (3) MgOMgCl2+2C2Ca = CaOCaCla-f 
4C+2Mgsoi+i cal. 1x2; in which all the bodies 
are refractory, except magnesium and chloride of 
magnesium, the latter having, however, a very 
high boiling point, and resisting high tempera- 
tures without rapid volatilisation. — Co 7 nftes 
RendtiSj 1921. 


165144 — Jones, F. B., Bury E and Minerals Separation, Ltd.— 
Flotation treatment of carbonaceous matter. 

165167 — Trotter, J. W —Process for the production of gasoline from 
kerosine and like hydrocarbon oils 
148392 — Scbvvabe & Co. — Process for the production of smoke on 
the stage by means of ammonium compounds of volatile 
acids 

148885— Casale, L —Process for preparing nitrogen or nitrogen and 
hydrogen mixtures 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 


NOTICES. 


NEW COMPANIES. 


C1.APHAM Drug Stores, Limited. — (175590) — Registered 7th 
July, 1921. Landor Road, S W.9. To carry on the business of 
Chemists and Druggists Nominal Capital : £2,000 in 2,000 Shares 
of £i each. Directors : T, C. Laws, 10, Lynette Avenue, Clapham, 
S.W.4.: (Governing Director). Qualification of Directors. £10 
Governing Director 250 Shares. Remuneration of Directors To 
be voted by Company m General Meeting 

A. W. Hockin, Limited — (175517). — Registered 2nd July, 1921* 
i33» Western Road. Hove, Sussex. To acquire and carry on the 
business of Chemists and Druggists Nominal Capital: £1,500 fu 
1,500 Shares of £i each Directors* A. W. Hockin, 63, London 
Road, Brighton; J. Van Koert, 85, Montpelier Road, Brighton. 
Qualification of Directors * £100. Remuneration of Directors: To 
be voted by Company in General Meeting. 


EDITORIAL.— All Literary communications and Books, Chemical 
Apparatus, Ac., for review or notice to be addressed to the 
Editor. “ 

SUBSCRIPTIONS, ;61 12s per annum, payable m advance, should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS. 

97, Shoe Lane, London, E.C 4. 

ADVERTISEMENTS. 

All communications for this Department should be ad- 
dresBed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E C.4. 



/ANTED to Purchase. — Analytical Labora- 

V V tory with established clientele. Box 838 , c/o T, G. Scott & 
Son, 63 , Ludgate Hill, London, E.C. 4 . 


This List is specially compiled for the Chemical News by Messrs. 

Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 

London, W,C.2., from whom all information relating to Patents, 

Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Apphcaiions. 

17701— Adler, R —Manufacture of decolorizing charcoal of high 
activity. June 29. 

17499 — Carteret, G.— Preparation and purification of titanium com- 
pounds. June 27. 

17661 — ^Ellis, G. 1 1 .—Dyeing or colouring acetyl cellulose. June 29. 

17833 — Hormann, L — Manufacture of acid anhydrides. June 30. 

17619— Howe, B.— Production of jink oxide or blown oxides from 
jink ores or products. June 28. 

17810 — Schwargkopf, R.— Method of manufacture of raw alkali- 
cellulose for working into viscose. June 30. 

Specifications published fkts Week. 

138113 — Bymess, C. P. — Process of making aldehyde, fatty acids 
and aldehydes from mineral oils and their distillates. 

140060— Duparc, L. and Urfer, C. — Process for the synthetic 
production of ammonia. 


^HEMIST Wanted, with experience in 

analysis of Foods, etc , preference given to F.I.C. or A.I.C. 
Branch E. State age, experience, and salary requiied, to Box 
840 , c/o T. G. Scott & Son, 63 , Ludgate Hill, London, E.C 4 . 


^HE Owners of British Patent L27852 

■L relating to a 

“PROCESS FOR OBTAINING NITROGEN FROM AIR“ 
are desirous of entering into negotiations with firms in Great 
Britain to exploit the above invention either by sale of the Patent 
Rights, or by granting licences to manufacture under Royalty. 
Enquir es should be addressed to Messrs. Abel & Imray, 
Chartered Patent Agents, 30 , Southampton Buildings, W.C .2 


PATENTS, TRADE MARKS. Handbook 

^ and advice free— B. T. King, British and U. S. Regd. Patenq 
Attorney, 146 a, Queen Victoria St., London, 35 years reference 


CHEMICALLY PURE 

CAPPER PASS & SON, Ltd. 

BEDMINSTEB SMELTING WORKS 

BRISTOL. 


Pioneer Movement for Establishing a British Bureau of Standards 

BRX7ISHL CHMHMEXCiAr^ SX'H.lSrDiLRDS 

STEELS (Plain Gajrbon and Alloy) AMD CAST IRON. 

Analytically standardised by, and issued under the auspices of Co-operating Chemists representing different districts and sections ol industry. 

I Works CHEMISTS U».ien,WorHngtoSptc,Jicat,on. 

OR Chemists::; ;;;J \ R*frrr» Ahalvsts . Independsnt. 

With every portion of standard turnings a Certificate is issued, showing the type of method used by each analyst, his results, and the average of all 
New Caxbon Steels: C. 0 ' 23 % & Si 0 ' 05 %; & “Ol'*, C. 0 . 33 % (complete analysis) just issued 

Already arhnowledged and used by ever 300 Works and Independent A nuiysts at home and abroad. 

_______ Can be obtained of leading Cbexnical Dealers, or at Headquarters, 3, Wilson Street, Middlesbrough, 
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THE ASSOCIATION OF BRITISH 
CHEMICAL MANUFACTURERS 

The Fifth Annual General Meeting of the Asso- 
ciation of British Chemical Manufacturers was 
held at the Chemical Society's Rooms, Burlington 
House, Piccadilly, W.i, on Thursday, July 14, 
1921, for the purpose of receiving the Reports of 
the Council and of the Scrutineers, and for the 
election of the Auditors. Sir John Brunner, 
Bart., Chairman of the Association, presided. 

After the notice convening the meeting had been 
read, the Chairnian in moving the adoption of the 
Report, said : We have noiv been working as an 
Association for five years, and I think that to-day 
is a critical point in the history of the Association. 

e have got over the first fine flush of our en- 
thusiasm, and we are not yet respectable by reason 
of old age, not settled in our policy; so that it is 
a critical period. Our influence, gentlemen, is 
great, and it is growing. Hitherto there has been 
no association of chemical manufacturers to which 
the Government, or any other body, could appeal. 
Now they appeal to the Association of British 
Chemical Manufacturers as a matter of course. 
There were, of course, a large number of scientific 
societies connected with chemistry and chemi- 
cal enterprise, but this association^ I believe, in 
the hackneyed phrase, fills a long-felt want, and 
I believe for that reason that we will go on and 
prosper. The year has been a veiy* active one in 
Parliamentary work. There have been three 
Bills . the Dyestuffs Bill, the Safeguarding of 
Industries Bill, and the Railways Bill, which have 
all occupied the attention of your Executive. The 
Dyestuffs Bill has now become an Act; the other 
two are not yet through. The Act, of course, con- 
cerns dyestuff makers and users, and to my mind 
if you are going to have protective legislation, 
that Dyestuffs Act is the fairest way in which you 
can arrange such matters, because the Committee 
which settles questions arising under the Act is 
composed of both manufacturers and users. 
Although things have not been perfectly smooth 
upon that Committee, I think the difficulties are 
gradually being solved, the friction is being 
avoided, and the scheme is going to work. 

With regard to the Safeguarding of Industrieh 
Bill, that is now before the House, and, as you 
know very well, has been closured ,^ver\' severely. 
The third great piece of Parliamentary work that 
has been done by your Association is in connec- 
tion with the Railways Bill. There has oeoa, as 
iou know, an Advisory Committee on this ques- 
tion which has met a very large number times 
and reported to the Executive every month. I he 
Railways Bill 'is now going througn the Hous- of 
Commons split up between two Committees. This 
Railways Bill is an extremely important thing for 
the whole trade of the country’, and 110 leso to 
chemical manufacturers. We hope to get some- 
thing out of the Bill as it stands, but when the 
whole of the Bill is‘ through- Hom^e. .‘aad has 
become an Act, then will begin the real work in 
dealing vrith the details lof ^he If 


anybody' at a Board Meeting asks the repre- 
sentative of his particular company on the 
Association what the Association is doing 
for the benefit of that company, there is 
one thing which I wish you would say straight 
out in answer : we are looking after the Railways 
Bill ; that is to say ; we are looking after railway 
rates on y'our behalf. If we were doing nothing 
else, gentlemen, that would justify the existence 
of tbe Association. 

Then with regard to the other activities of the 
Association, we have been very" busy in adminis- 
trative matters, quite apart from legislative 
matters. The Smoke and Noxious Vapours 
Abatement Departmental Committee was attended 
on our behalf by Mr. Max Muspratt, and he gave 
advice, which I think is very good, to that Com- 
mittee, namely, that they should work on the 
lines of the Alkali Act. That Act was originally 
I believe, very" much objected to by the alkaline 
manufacturers, but in the long run they have 
found that the alkali inspectors have rather been 
of assistance to them in their work than other- 
wise If the Committee continue their work and 
a Bill is in the future founded upon the same lines 
I think the chemical manufacturers of the country 
will have nothing to fear It is the duty of all 
of us — and I am quite sure everybody agrees Avith 
me — to try and stop the smoke and noxious 
vapours nuisance. The experience of those who 
have lived in London during the last three 
months, when it has really been quite a pleasant 
place to live in on account of the absence of 
smoke, will go to show that it is the duty of the 
chemical manufacturers of the country to do all 
they possibly can to ppiify the atmosphere of our 
big towns. (Hear ffeax.) Then with regard to 
the Home Office Regulations under the Factory’ 
and Workshops Act. The Association ought to 
raise the strongest protest of which it is capable 
against the procedure of the Home Office in this 
matter. As you very well know, legislation is 
passed now-a-days sim]^y because the mass of it 
1 is so large that Parliament cannot attend to all 
the details, giving powers to Departments to make 
regulations which have the force of law. The 
Home Office actually has the power, without 
appeal, to prohibit any chemical process. They 
could to-day send an inspector to your w’orks and 
say that you must not continue a certain process. 

I do not suppose they' would venture to do such a 
thing as that, but they actually have the power. 
They have, as you knerw, issued certain regula- 
tions for what they ’term the dangerous and un- 
healthy parts of our business. We have been able 
to somewhat mitigate the effect of those draft 
regulations*, the matter is still under negotiation, 
and although we shall not get any satisfaction, 
yet we shall not be subjected to the dangerous, so 
far as our businesses are concerned, parts of those 
regulations. 

We have in the past and previous^ years en- 
couraged research in many ways, and have given 
a substantial contribution to the Chemical 
Society's library. 

The Joint Research Committee of the Associa- 
tion and of the British Chemical Plant Manufac- 
turers' AssociatiQB has been continuing its work, 
and I believe^^that it will succeed in standardising 
many types of plant and tlprs make it very much 
cheaper for manufacturers. It has often been a 
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reproach to British industry that there is so little 
standardisation I believe that this Research 
Committee will, in the course of time, very much 
cheapen our plant Then further, we have to 
foster the production of research chemicals. We 
have obtained information as to what research 
chemicals are made in this country, and suggested 
to people that those which are lacking should be 
made by somebody. We have in these ways and 
in many other wa>s suggested to members that 
l:hey should co-operate. It is, of course, a verv 
difficult thing to get people to co-operate who are 
competitors in business. They have been ver\^ 
individualistic in the past, but there are so manv 
ways in which they can co-operate to their mutual 
benefit, that this Association, I think you will 
agree, is doing right in endeavouring to get them 
to co-operate in those ways which are to their 1 
mutual advantage. (Hear Hear.) This co- 
operation has, as. I say, taken the form of the 
stimulation of production of dyes and other fine 
chemicals, by the provision of the proper inter- 
mediates and raw materials by members of the 
Association. We have further co-operated by en- 
deavouring to put the members into touch with 
anybody wfio is anxious to get certain materials 
and have endeavoured to find out where such 
materials can be acquired, and having done so 
we have brought together the supplier and the 
man requiring the particular article. 

On the whole, I think you can congratulate 
yourselves upon haying had a very successful 
year as an Association. We are all now going 
through very bad times, and ms only wish for all 
the members of the Association is that we are now 
at the bottom, and that trade and industry will 
begin from now to rise to a pinnacle of prosperity. 
(Cheers.) 

Dr. E F. ArM 5 >TRONG, F.R.S., in seconding the 
motion tor the adoption of the Repoit, said that 
to the maiority of members of the Association the 
fact that the Dixstuffs Bill passed through the 
House, and that the Safeguarding of Industries 
Bill was very nearly in the same position, would 
be regarded as the most impoitant events ot the 
>ear. From the point of view of the chemical 
trade he thought they ought not to overlook two 
points, that whilst they had asked the Government 
to help to safeguard their industries during the 
critical period which lies ahead ^ they must not in 
any way relax their own efforts to make them- 
selves independent of the Government. (Hear 
hear.) That is the first point. The second point 
w'as that this assistance from the Government 
would be ail too dearly bought if it involved too 
much Government interference. (Hear hear.) 
His third point was the delay — so dear to the heart 
of the bureacrats, but the greatest enemy of trade 
— an if as a result of any of this new legislation 
they were not able to get the goods they wanted, 
and had to suffer those irritating delays, then it 
would be a great handicap. With regard to the 
publication of the list of research chemicals, he 
thought in time it would become a very valuable 
document, and one of which they would all be 
proud, and which would certainly lead to elfoits 
being made to increase the number of those com- 
pounds valuable for research, and so emancipate 
them from any Continental influence. More par- 
ticularly, he would hke to refer to the very valu- 
able work done in connection with chemical plant. 
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In the old days a chemical manufacturer in this 
country wishing foi plant had either to go to a 
local toundiy with his own design and get it 
made, and then find 'out that it would not work, 
and thus be unable to profit bv previous e.xperi- 
ence of others, or he had to go abroad, put him- 
self in the hands of the Geimans, and take what 
they chose to sell him — generally, he admitted, 
with satistactoiy' results — or he had to go to some 
ot the few chemical plant manufacturers here and 
pay rathei dearly for his plant, and again find 
that he only got to a limited extent the advantage 
of the experience of others. They wanted to 
change all that, and he thought they were be- 
ginning to change it. He was certain that the 
Joint Research Committee was a valuable first 
step in that direction. 

The Treasurer, Sir W11.LUM Pearce, M P , 
commented on the statement of accounts, and con- 
giatulated the Association on its financial position. 
He also referred to the present position of the 
Railways Bill, and stated that he would like the 
meeting to say if it was of fundamental import- 
ance to the industry that the Bill should go 
through or could they look with a certain amount 
of equanimity if it was held up for the time 
being? The House of Commons might have to 
make up its mind very seriously whether it would 
struggle to get the Bill through or whether it 
could be be allowed to drop and be brought up at 
a more convenient time. It did appear to him 
that if the Railways Bill were held up, at am 
rate, the agreement with the railway companies 
w’ould have to go thiough, and they would then 
have to lose one of their great holds on the rail- 
way companies, because the payment by the State 
of (X) million pounds, less certain allowances, was 
conditional on their granting certain securities as 
to profits. He did not see how the financial 
agreement could be held up, because the position 
of the railway companies would be such that un 
less a settlement was arrived at, their debentuie 
interest and pieference dividends and man\ other 
things would be in jeopardy, because this money 
was owed them by the Government. 

The General Manager, Mr. W. J. U. Wool- 
cock, C B.Pw., M.P., said there had been a rather 
serious disagreement on the question of excep- 
tional rates. The railway companies held very 
strong opinions on the clauses in the Bill, and 
after listening to their case, he came to the con- 
clusion that they had an almost unanswerable 
case; not purely from the argumentative point of 
view, but what was even stronger than mere argu- 
ment, namely, the physical impossibility of carry- 
ing out the suggestions of the Government. The 
clauses as they stood would be unworkable. He 
thought it was physically impossible in the time 
allow’ed, to adjust the enormous number of ex- 
ceptional rates, and therefore, the Government 
were bound to meet them on the point. 

Mr. Kenneth Chance, M.A., dealt with the 
standardisation of chemical plant. With regard 
to the Railways Bill, he thought that if its pass-* 
mg meant a strengthening of Government control, 
and probably the continuation of one of the Minis- 
tries, by all means let the Bill go. They could 
settle things very quickly amongst themselves; 
the railw^ay directors and their managers had 
ample opportunities of seeing the advantage of 
co-operation one with the other during the war, 
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and they knew infinitely better than the Minister 
of Transport how far that co-operation could use- 
fully be carried out. 

Dr. P, C. C. ISHERWOOD said that up to the time 
of the Dyestuffs Bill being introduced into the 
House of Commons they all thought that fine 
chemicals would be incorporated in that Bill, and 
he thought they would have been very much better 
pleased to have had fine chemicals included in 
that Bill than in the present Bill. The last thing 
that fine chemical manufacturers wanted was to 
adopt a check on manufacturing output. They 
wanted to give the freest opportunity for users in 
this country, particularly those who are con- 
nected with the export trade, to freely export any- 
thing which they could not, or had no prospect of 
manufacturing. 

Mr. E. V. Ev\ns, O.B.E., F.I C., thought that 
the one great accomplishment of the year was the 
passage of the Dyestuffs Bill, and he congratu- 
lated the Association upon the part which it had 
played in its passage through the House. The 
Licensing Committee, formed to work the Act, 
was a body of men leally keen to carry out the 
principles laid down, the main principle being 
that the dye industry of this country should be 
fosteied without prejudicing the users’ interests. 
He would like to pay a tribute to the attitude 
adopted by the users' representatives on that Com- 
mittee There were many difficulties, but it 
would be readily imagined that the task of ex- 
amining our British colours and of determining 
w’hether thev are a suitable substitute to replace 
imported articles and then scheduling and pool- 
ing the information so that it can be used at a 
later stage, lepresented a fairly large scheme. 
He could assure them that the Committee was in 
no way satisfied that it had attained the ideal it 
set Itself in this respect. There was already a 
vast amount of information collected; and it be- 
hoved them at this stage to take adequate advan- 
tage of the information that has accrued. 

Mr. Thomas Morson thought that in view of 
the amount of spade work that has been done by 
members, the di opping of the Railways Bill would 

The Rt. Hon. J. W. Wilson, M.P., said that 
the Railways Bill consisted of three parts : one to 
meet the question between the Government and 
the railways, and to avoid, by a definite Parlia- 
mentary settlement, possibly years of negotiation 
and law suits and legal questions which did no- 
body any good except the lawyers, that was the 
sum to be paid in satisfaction of the past war 
claims; secondly, to carry on some sort of agreed 
machinery for settling wages and salaries on the 
laihvays, which also vitally indirectly affected the 
public, because only by proper handling of that 
question could disastrous strikes be avoided on the 
one hand or rates cut down and the expenses of 
raihvays kept within limit Those two he 
imagined the Government were sure to want to put 
through. The tendency had been, especially when 
a question arose as to dividing the Bill, that many 
Members of Parliament suggested that the 3-ate$ 
question be left until another year, and of course, 
there was no doubt that the railways and the men 
would both acquiesce in that so long as they had 
their part of the settlement. He felt that as a = 
body of traders they ought tp make their views 
perfectly clear as to whether pr not^ 


venture to defer the whole rates fixing machiner\ 
of the Bill till next year Personally, he felt that 
in all big settlements of gieat national questions 
when there arc three distinct interests involved, 
traders, lailuav *^hareholders, and men, that it 
was from a siateMuan’s point of view and a 
general welfare point of view \erv much easier 
to get a fair settlement if they uere all done at 
once than when one ot the interests was left out. 
(Hear hear) 

Mr. Max Mi^SPRATT, J.P., felt that it Avas better 
to have a bad Railways Bill than none at the 
present time. It was alwaA's possible to have 
things improved afteriiaids. After all, the Avork 
that has been done it uniild be highly undesirable 
to say that in the main it should be held over. 
AVith regard to the Safeguarding of Industries 
Bill and the Dyestuffs Act, he agreed that ulti- 
mately the onh piotection was sound manufac- 
ture, and^ there thev could do a verv^ great deal 
b\ folloAA'ing up then ideas of co-operation. The 
Dyestuffs Act u^ould be more or less futile if they 
did not believe that it Avas going to lead to a great 
deal more co-oix?ration and delimitation. In the 
much more intricate problems of fine chemicals 
the\^ AA'ould have to survey the ground of the Avhole 
fine chemical industrA' and find out what was best 
to be done. 

Mr. Thoma.^ Horroces also spoke on the Rail- 
u^ays Bill, and 

Mr. Richard Seticman on the Joint Research 
Committee Avork. 

The Chairman replied to the points raised in 
the Discussion. The Report A\"as then unani- 
mously adopted. 

The following Resolution was carried : — 

“That this meeting is of the opinion that it 
AATjiikl be unfortunate if any of the parts 
of the Raihvays Bill were dropped, and 
urges the Government to take every" possible 
step to secure the passing of the Bill.” 

On the motion of Sir WiixiAM Pearce, seconded 
by Mr MvspRArr, the Auditors, Messrs. Feasey Be 
Co., were unanimously re-elected. 

The report of the Scrutineers was received and 
adopted. 

Mr. R. G. Perry, C.B.E., proposed a hearty 
vote of thanks to the Chairman, which AA'-as carried 
with applause, and the Chairman returned thanks. 
The proceedings then terminated. 

The Rt Hon. J. W, Wilson, M.P., has been' 
appointed Hon. Presid;^t in succession to Lord 
Moulton. Mr, JL ‘'G. Perry remains the Hon 
Vice-President. Sir John Brunner continues in 
office for a second year as Chairman, and Mr. 
Max Muspratt succeeds Dr. E. F. Armstrong as 
Vice-Chairman. Sir William Pearce, M P., con- 
tinues as Hon. Treasurer. 


The French Monthly Review- Arts et MHieres^ 
which was discontinued during the war, is again 
published. We have received the May number, 
w’hich contains much interesting matter. The 
Journal is published ^ J, Loubart, is. Boulevard 
St. Martin, Paris | pricf francs per number. 

ThB office of tfee Australian Institute of Science 
and Industry has removed to 314, Albert 

Street, East Melbourne^^^ , * - ^ 
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THEORY OF MOLECULAR REFRACTIONS. 
Part II. — Free and Activated Valencies. 

By GERVAISE Le BAS, B Sc 
Note on Molecular Refraction and Valency. 


The following group relationships 

are to 

noted : — 

F. Cl, 

Br. 

I 

Na. 

0*67 5*96 

8*79 

13*87 

2*56 

A 5-29 

8*12 

13*20 


2X2*65 

3x2*70 

5X2*64 


2*65 = 4X0*67. 

0. 

s. 

Se. 


1*48 

776 

6-28 

2x3-14 

10-84 

9-36 

3X3-12 



3*14=4x0*78 and 2X1*57. 

It seems evident that a greater fraction of the 
atom affects the molecular refraction in one case 
than the other. (i) It is seen that there is a 
common factor in the different groups which is 
not the same for each group. (2} This seems to 
be related to the complexity of the elements and 
their genetic relations. 

Free Carbon Valencies. 

The molecular heats of combustion of un- 
saturated compounds show that the ethenoid 
and acetylenic linkages are weak, and that conse- 
quently a large amount of unsaturation exists. 
This involves the existence of free valencies. 
These conditions can be shown to exist by means 
of the molecular refractions. 


Ethylene. 

/ \ 

CH CH 

i-S 6 
2 X 0' 52 


Acetylene. 

/ \ 

-C>-<C— 

\ / 

2 * 12 
4X0*53 


+2X0*26 

The aiiomaly for a free valency is 0*52 
The substitution of unsaturated carbon gives rise 
to an anomaly of 0*28 as for * C — CH3. This 
substitution anomaly is lost in acet^dene owing to 
compensation or neutralisation. 

A proof that the valencies are free is found in an 
unique compound discovered by Zelinsky and 
LTtskensky, and which was misnamed 3 : 3- 
dimethyl o : i 3-bicyclinonane. 


/ 

\ 


/ 


1 1 1 dimethyl 
cycle 
hexane. 


\ 


•x 


./ 




Zelinsky and 
Ulskmsky’s 
compound. 


/■ 


“N. 

-/ 


(CH.) 


\L 


CH. 


./ 


>(CH.), 


_)>(CH.). 


Mjp 36*47 

A 1*57 


55*95 36*96 

+ 1*02 0*04 

2 X 0 *SI 

Molecular Volumes. 

Monocyclic Molecular Volumes 
Vi ^153*4 153*6 163*3 

A —16*8 — 16*6 --i 4’6 

It is thus seen that the compound in question pos- 
sesses two free valencies, otherwise shown by the 
monocylic structure. 


It is thus seen that free valencies can exist and 
are shown by the molecular refractivities. They 
give rise to an anomaly of 0*52. 

This structure is intermediate between the ordi- 
nary I : 2 unsaturation and the ordinary bridged 
ring which may show an anomaly of 0*67 or 0*26, 
as in the case of some terpenes.. Part of the 
anomaly in the first case is due to substitution 
(2x0*28) benzene substitution by CH3. 

Anomalies Due to Unsaturation. 

Unsaturated Comhinations ; — 

1:2 1:3 1:4 1:5 

/CHa— CH^— CH-- 

— CH • CH— CH. I I I, 

CH.— Cii.— CH— 

A 1*56 0*68 0*48 o 

(Hans T Clarke). 

The unsaturation of the bridged ring thus 
amounts to 0*68, as follows * — 

2:6:6 trimethyl 0:1*3 bicvclonane (N. M. 
Kishner). 

/| \ Me 


Me, 


/ 

\ 


\! 




P Ma 40*21 A+0-B2 


Molecular volume 
Vh'p 157*6 


14 5 
5 5 


I methyl 2 isopiopvl cyclopropane 

CHyid- Ma 37*57 A+o*5t 
170-2 A 7*6 

Zelinsky and Utskensk> have thus discovered an 
unique compound which divciges fiom the 
bridged ring type, which is monocyclic, and 
possesses two free valencies. 

Free Valencies in Sul'phur. 

The amount of activation of the supplementary 
valencies so far, has been shown to be 2X0*26 as 
for the diselenides. The Xanthates and allied 
compounds show many such cases. The local 
anomaly is, how^ever, dependent on the general 
unsaturation. 

It sho-uld be noted in the first place that the 
A. R of doubly-bound sulphur is ra 9*07 
9*07 — 7*96 = 1*11 (2X0*56). 

or C = S< 

probably the latter, since C i N shows no anom- 
aly. Nitrogen, more difficult to activate in this 
way than a heavier atom, is like sulphur. Various 
values of sulphur are found in the Xanthates, 
w+ich involve activated or free valencies. 


>S 1 7-96 > Sji 


8*20 

7*96 


S 


9*06 

7*96 


A 0*24 no 

2x0*12 2x0*55 

The first is a partial activation; the second is 
complete. Many cases exist w-hich illustrate the 
rule of mutual interaction or influence resulting 
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in partial activation of the supplementary 
valencies. 


yO Et 

0 ; C< 

. Et 

Ma 34 90 

Enra 34*74 

y S Et 

0 , c/ 

Et 

41*88 

41*12 

A -f-o* 16 

0*76 

0 Et 

S : C< 

Et 

41*52 

42*13 

yS Et 
S:/ 

Et 

48-47 

50-03 


0*16 


1*56 (2X0*78) 


The degree of activation thus depends upon 
the contiguity of two sulphui atoms, and in- 
creases With the number. The influence which 
causes these effects is no doubt cumulative, but 
the activation is that of the ethereal sulphur 
atoms. The value 0*76 is equal to half the anom- 
aly for an ethereal link and 1*56 the full anomaly. 
One might thus represent the linkage between the 
two contiguous sulphur atoms by 

S Et 

>S = c<:> 

S Et 

Cross ethenoid unsaturation. 

Another case which shows an analogy* between un- 
saturated sulphur and carbon is that’ of the dioxv- 
suiphocarboxylic esters. 


S 
H 

S--C O Et 

! 

S~C O Et 

i{ 

s 


Ma 


67*09 


S— C.OC.H, 

S— C.OC,H, 

I! 

s 

76-46 

Previous 
compound 67*09 
2CHj 9*i6 

76*25 


6 20*44 

2 C 4*96 

2 O 3*24 

2 S 18*04 

2 S 15*92 

62*60 

67*09 


+ 4-49 
4X 1*12 

8x0*56 (flee valencies) 

It must be assumed that there are foui pairs ol 
free valencies in addition to the two belonging to 
doubly-bound sulphur. The formula would thu^ 
he ; — 

OR 

I I 

:s, — c=s/ 

I I \ 


1 

OR 


This remarkable case shows a sulphur atom with 
four activated valencies, and also a combination 
similar to acetylene. One thus finds 

•C C* and *3 S* 

\ / *. / 

It should be stated that the great activation is 
possible by the continuous chain of unsaturated 
atoms and the requisite number of supplementary 
valencies. 

Co 7 iclusions . — The tetravalent and hexavalent 
functions of sulphur are shown by the foregoing 
as for carbon, although part of the valencies are 
uncombined. Similar types of unsaturation is 
found in sulphur as in carbon combinations uuth 
one which is characteristic of sulphur. 


Nitrous oxide 


Nitrogen. 


/K 

('> 


Ma 

2N 

o 

M 

Enra 


7*58 (gas) 

4*96 

1*62 

rsi 

6*s8 

+ 1*00 (2x0 so) 


The value for the triazo group N3 is 8*96. 
fN ]^tn 

\n/ 2N 



4-rio ( 2 X 0 * 55 ) 

Curtis’ compound diazo ethyl acetate is especially 
interesting. The anomaly is made up from 
I *56+ 2* 12 =3*68, equivalent to an acetylene and 
ethenoid combination. The formula is : — 

/ \ . - 

N N- 

\ / \ / 

A complete parallelism has thus been found be- 
tween carbon sulphur and nitragen as regards the 
relation between unsaturation and the Molecular 
Refraction. Seeing that the atoms are different, 
there is no reason why similar numerical rela- 
tions should be obtained unless the unsaturation 
were caused by some common circumstance ^ not 
dependent upon the nature of the atom, is 

unmistakable evidence^ for an electronic condition 
which is that of tiie unsaturated centres just 
stated. Electrons may be supposed to be pushed 
out or at least occupy positions in the absence of 
hydrogen which allows of retardation of the light. 
This side of the question is now receiving atten- 
tion in England and Ai^perica. 

It must not be lost sight of that two overlapping 
conditions^ — the material and the electrical — exist, 
and it is sometimes doubtful whether the anoma- 
lies represent free val^cies or not, c.f. anthra- 
cene and acridene. They may, however, be sup- 
posed to be free in most cases. Anomalies not 
connected with valencies also exist as for con 
jugations 

-CH : CH • CH : CH— 

We may thus distinguish F undame nied Anomalies 
or unsaturation — that is where free valencies are 
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concerned. Derived or Induced U saturation foi 
conjugations (2) and substitutions (i). 

It may thus be concluded that molecular refrac- 
tions are^ due to the light arresting or scattering 
power (dispersive) of valency or electronic condi- 
tions, first by the atom itself, secondly, by the free 
valencies [separated electrons], thirdly, by the 
induced electiical condition. It seems that in any 
electronic theor>% account must be taken of the 
molecular refractions, and on the other hand, an 
adequate explanation of these must follow along 
the lines of an electronic theory. The writer is 
disposed to vieiv the valency conditions of an atom 
as regional and of involving definite fractions of 
the atomic spaces, that is, the valenc> condition is 
such as to involve a definite fraction of the cir- 
cum^cliblng spheiical surface, and extends to the 
interior Thus many electrons may be involved 
m the vaiencv as a region. 

It is thus to be seen that a ver\ great extension 
of Eisenlohr’s theoii^ of activated supplementary 
valencies has been made. Only the exigencies of 
space have prevented the writer going into detail 

.Vote. — The cases 

H H 


)< 


x. 


OH Cl 

A4-r54 have been referred to. 

Negative Anomalies, 


The cases of (CHa),C,CH3r, (CH,)3 C.CHBr 
have already been referred to. 

Similarly thiophene and furfural have been 
noted ( 7 'rans, Farad. Soc.\. Pyrrol does not shoiv 
a negative anomaly, a fact which seems to be due 
to the presence of a positive hydrogen. For a 
similar reason the CH3 group shows little dis- 
turbance. 

Sal phut. 


It has been found that o.xvgen is especial!} 
liable to show a negative anomalv which fre- 
quently practically gets rid of the atomic refrac- 


tion. 

Ma 

Snni 

A 

.OEt 

O: S/ 

31-62 

33 ' 6 o 

— i'qS 

0^ OE. 




/^\ 

31*79 

35*7 

-3*92 

0^ OEt 



2X I'o6 


2*12 normally 2*12-1*98=0*14 


Selenium. 



HO\ 




Se 0 

i5’7i 


— 2*6i 

HO / 

0, 

— o*6o 1 




0’ 

-2*00] 

ho/ ^0 

17*21 

—3-21 

0 —1-20 


Phosphorus P 7-69 



/ OEt 

P— OEt 

38-30 

43-24 

-4-94 

\OEt 


3 X 1*64 


/OEt 
O : P—OEt 
\OEt 


41*49 


45-48 — 4’99 

3X 1*66 


P . 0 

35’6i 40*18 

1 


OH 


Cl 

Cl 

0 : P< 

S : P< 

Cl 

Cl 

2S 24 

33-48 

27*72 

34-50 

-2*44 

- ro2 


Sulphur seems less susceptible to negative 
anomalies than oxvgen. These cases are sulh- 
ciently remarkable to form the basis of a collec- 
tion of data from wdiich cases of negative anoma- 
lies may be draw-n. 

The fact remains that light is not only not im- 
peded by the passage of the light w-aves, but 
accelerated, relatively speaking. The cause of 
the negative anomaly is unknown, but the w’aves 
Ha puss as if the 0 atoms did not exist. It would 
be interesting to ascertain wdiat would be the 
effect if shorter and nrobably more penetrating 
waves like Hy, w*ere used. 


ATOMIC WEIGHT OF GERMANIUM.* 

By JOHN H. MCLLER. 

It is recognised that the atomic w*eight of gei- 
maniura is not accuiatelv known, the accepted 
value being entirely dependent upon^the investi- 
gations of its discoverei (/. prakt Chem.j i88(), 
[3] xxxiv., 177. Aside from the lack of confirma- 
tion of this constant on the part of other w’orkers, 
It should be noted that Winkler's determinations 
were made veiy shortly after his discover} of the 
element, so that the time interval betw'een the 
announcement of the existence of the new element 
«ind the determination of its atomic w’eight could 
not have peimitted the determination of special 
means of purification to w'hich germanium com- 
pounds ma}* now be subjected. 

The purpose of this investigation w*as to develop 
a moie thorough means of purification, of ger- 
manium compounds, especially in connection with 
the elimination of tin, arsenic, and silica, with 
w^hich germanium is always associated, and to use 
the purified product for a redetermination of this 
much-neglected constant. 

Winkler decomposed the tetrachloride by 
sodium carbonate, added an excess of standard- 
ised silver solution and titrated back the excess 
uf the latter with ammonium thiocyanate solution. 
Four determinations were recorded. Winkler's 
reasons for the use of the Volhard method are 
interesting, namely, that the silver chloride wdiich 
he precipitated after decomposition of the tetra- 
chloride could not be determined gravimetrical ly 
on account of occlusion of germanic acid in the 
precipitated silver chloride. His effort to oxidise 
the disulphide with nitric acid and to precipitate 
the equivalent of sulphuric acid as barium sul- 
phate also met with failure for the same reason. 

Thus it is not possible to determine halogen 
or sulphuric acid accurately in a solution con- 
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taming germanic acid by the usual gravimetric 
procedure. 

This behaviour on the part of aqueous solutions 
of germanic oxide is analogous to the occlusion 
of stannic acid when the corresponding tetra- 
chloride and sulphide of tin are treated in the 
same manner. 

The brevity of the literature of germanium at 
this date is doubtless due to the great rarity of 
the element \^hich until 1015-16 was not known to 
exist in other than a few scarce minerals, argyro- 
dite, in which it was first found, and certain can- 
fieldite-argyrodite mixtures. 

Urbain states that Winkler’s original source of 
germanium was not really argyrodite but mixed 
minerals containing much less than the theoreti- 
cal 70 per cent of germanium present in the pure 
mineral Comft, Rend.^ iqio, cL, 1758). Hille- 
brand and Scherrer in their work on gallium in 
spelter, mention the existence of germanium in a 
number of blends, as shown spectroscopically by 
K. Burnb of the U.S. Bureau of Standards '(Hilie- 
brand and Scherrer, /. Ind, Eng, Chem.^ 1916, 
viii., 225). 

The same element has been reported in euxenite 
to the extent of o* 1 per cent (Kiiiss, Ber,j 1888, 
XXI., 131; tbtd.^ 1887, XX., 1665), and has been re- 
ported and also denied to be present in tantalite, 
samarskite, fergusonite, and some other allied 
minerals. 

The writer has examined large quantities of 
Sw'edish samarskite, euxenite, aeschinite, and 
gadolinite and failed to find any germanium in 
these with the exception of a single sample of * 
euxenite which contained 0*03 per cent. Ail of : 
these minerals were decomposed by alkali carbon- 
ate fusion, the melts converted to chlorides, and 
these subjected to the hydrochloric acid and chlor- 
ine distillation method for germanium, 

Argyrodite is ver>' scarce and since its discovery 
in Freiberg ore in 1885 has been reported in only 
a few’ localities, notably in the silver ores of 
Oruro, Bolivia. Hence the recent discovert' of 
workable quantities of germanium in the zmc 
oxide residues of the spelter industry, is most in- 
teresting and important. Certain of these resi- 
dues contain as much as 0-25 per cent of ger- 
manium dioxide (Buchanan, /. Ind. Eng. Chem.^ 
1917, ix., 661). 

Through the courtesy of the New Jersey Zinc 
Company, a quantity of this crude zinc oxide w’as 
procured, from which nearly all the germanium 
compounds used in this investigation were pre- 
pared. 

The oxidc-to-metal ratio for the atomic w’eight 
of germanium w’as tried by Winkler but was aban- 
doned as unsatisfactory. Aside from difficulty in 
preventing enclosure of oxide in the reduced 
metal, Winkler did not mention specific reasons 
for his failure to obtain good results. An attempt 
w'as made to redetermine this ratio using specially 
constructed quartz apparatus so arranged as to 
prevent loss of metal by volatilisation. Results 
w’ere very unsatisfactory for two reasons. First, 
the purity of the oxide was questionable for traces 
of sulphur were contained in it (when prepared 
from the sulphide) and small amounts of chlorine 
(when prepared from the tetrachloride) were not 
eliminated. Second, the hydrogen stream carried 
away small quantities of metal as hydride. This 
was proved by washing the waste hydrogen in a 
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solution of silver salt, when a small black deposit 
W’as slowly formed which contained silver ger- 
manide and metallic silver. 

It W'as noted, how'ever, that the reduction to 
metal proceeded to completion at 700®, 200® 

low’er than the melting-point of the metal. Every 
reheating in hydrogen at this temi>erature, how'- 
ever, caused further loss in w’eight. 

The chief difiiculties in determining the chlorine 
in the tetrachloride, or halogen in the other 
halides, are tw’ofold; the occlusion of germanic 
acid in the precipitated halide previously men- 
tioned, and the instability of the halide of ger- 
manium in air and the elaborate method re- 
quired for the preparation and preservation of 
this group of salts. 

The writer examined the properties of potas- 
sium fluogermanate and found that the stabiht> 
and definite character of this salt strongly recom- 
mend It in what appears to be a simple and satis- 
factory' ratio, namely, the conversion of this com- 
pound to potassium chloride in hydrogen chloiide. 
The latio of potassium fiuogermanate to potas- 
sium chloride offers certain important advantages. 
The complex salt contains no water of crystallisa- 
tion, and the dried product is lemarkably non- 
hygroscopic. It is sufficiently stable and non- 
volatile to withstand the action of heat at 400“ 
to 500® without loss of weight. 

The fluogermanate melts at about 730® to a 
clear liquid, and at about 835® rapidly vaporises 
w’ithout change The salt is slightly volatile in 
an air current below its melting point — as might 
be expected, but as a much low’er temperature 
could be used for its conversion to chloride no 
difficulty was encountered in this direction. 

The decomposition of the double fluoride in 
hydrochloric acid was show*n by preliminary ex- 
periments to be complete at a temperature well 
below 400® and in the presence of water w'as com- 
pleted at about 100®. That is to say, tests for 
germanium and fluorine in the residual chloride 
gave entirely negative results in these cases. 
Concerning the final product, potassium chlonde, 
the w’ork of Richards on the atomic weight of 
potassium (Richards and Staehler, Jour. Am. 
C hem. Sac ^ 1907 xxix., 623), has already shown 
that this salt ma.t be weighed with great accuracy. 
Finally, the method outlined w’as free from com- 
plicated manipulation, and required no transfer- 
ence of material after placing the original sample 
of fiuogermanate within the weighed platinum 
bulb. 

Preparation of Material. 

Tw^enty-nine kg: of germanium-bearing zinc 
oxide was slowly sifted into cone, commercial 
“CP.*’ hydrochloric acid (sp. gr. ri8). Solution 
nas nearly complete, and on cooling large masses 
of lead chloride cry^st^iised out, yielding in all 3 
kg. The filtrate (w’hich measured about 65 litres) 
was placed in 5 -gallop carboys and saturated with 
hydrogen sulphide under pressure. The calcu- 
lated excess of hydrochloric acid present was such 
that the precipitate contained little else than ^ 
crude sqlphides of, arsenic and germminna^ 
§iphon fillers wer^ used to remove most ol lie' fil- 
trate, and the sulphid^ were collected . ^ 
Bfichner funnels which they ■vfpiif ^ 

and sucked as dry ^ possible Th« ‘ 

were then m a very slight; excess of dil. 

ammonium hyefro^de. The thiq salts obtained 
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were strongly acidified with hydrochloric acid, 
and the sulphides were reprecipitated with hydro- 
gen sulphide, after w’hich they were w^ashed and 
dried, roasted in air in quartz vessels, and di- 
gested, with frequent addition of pure nitric acid. 
Ignition gave a snow-white voluminous residue of 
crude germanium dioxide which weighed approxi- 
mately 50 g. 

This oxide was introduced into a large distilling 
bulb, together with 20 per cent hydrochloric acid, 
a quartz condenser was attached, and the whole 
system w^as filled with chlorine to saturation in the 
cold. Distillation was then carried out m a 
stream of chlorine and the distillate caught in a 
receiver containing cold water. The distillation 
was repeated four times. The final distillate 
was then saturated with hydrogen sulphide pre- 
pared from selected pure antimony trisulphide. 
The snow-white germanium sulphide thus ob- 
tained was tieated in quartz dishes with pure 
freshly -distil led nitric acid, gradually brought to 
dryness, and ignited. Treatment with nitric acid 
and subsequent ignition was repeated many times. 
The strongly ignited residue of oxide finally ob- 
tained weighed approximately 46 g. 

The oxide was then placed in freshly distilled 
water contained in 3-litre Erlenmeyer ‘flasks of 
well-seasoned resistance glass, the mixture stirred 
by a current of washed air until most of the oxide 
had dissolved. Warming was avoided on account 
of possible reaction with the glass surface. 12 
litres of aqueous solution and a residue of undis- 
solved oxide were obtained. The perfectly clear 
supernatant liquid was removed through a syphon 
filter and the residual oxide, amounting to about 
3-5 g., discarded. 

Later examination of this residue shoued that 
it was nearly completely soluble in watei 
Several mgrms. of 2. white insoluble powder re- 
mained, however, which required alkali-carbonate 
fusion for decomposition. Indistinct tests foi 
sulphur and silica were obtained, but lack of suffi- 
cient material prevented an exact determination 
of its nature. 

The large volume of aqueous solution was 
evaporated in quartz vessels enclosed in bell jars. 
The dishes rested upon steam-heated copper coils, 
and a current of washed warm air was drawn 
through the system to remove water vapour. The 
first deposit of hydrated germanic oxide (3*4 g.) 
was removed by filtration and set aside. Evapo- 
ration was then continued until most of the oxide 
had ciystallised. Slightly over a litre of mother 
liquor was set aside, and the middle portions of 
hydrated oxide ‘deposited were filtered out, washed 
with a little cold water, and finally strongly ig- 
nited in platinum. 37-1 g was obtained The 
fluogermanate of potassium was now prepared 
from this fraction of oxide. 

Potasstmn Fluogermanate, — The purest obtain- 
able commercial potassium nitrate ivas reciysta!- 
hsed ^ in platinum five times with centrifugal 
draining, then fractionally precipitated as chlor- 
ide in quartz vessels by a stream of hydrogen 
chloride. The chloride was reprecipitated three 
times by hydrogen chloride, and the resulting 
chloride then converted to the acid tartrate, using 
tartaric acid which had been reciy^stalhsed until 
no weighable residue remained upon ignition of a 
5 g. sample. The bitartrate after three reprecipi- 
tations was centiifuged in platinum cones and 


finally ignited to the carbonate in a platinum dish. 
Cesium, rubidium, and sodium could not be de- 
tected spectroscopicalh in this potassium car- 
bonate. 

Hydrofluoric acid was prepared, starting with 
the best commeicial “C.P.” acid. The common 
impuiities in this acid are silica, lead, iron, chlor 
me, and organic matter. Precipitation to elimin- 
ate any of these possibly present was carried out 
as follows. Potassium carbonate, prepared as 
described above, was added to the hydrofluoric 
acid, but no visible trace of any precipitate was 
found. The acid was then filtered through pape? 
which had been thoroughly washed with a portion 
of the acid, and potassium fluoride was then 
added, the acid distilled from a platinum retort 
and condenser, and redistilled first m presence of 
a little permanaganate and then over a little pure 
silver fluoride, toimed by adding a little silvei 
caibonate to the acid. The resulting purified acid 
was then again distilled alone, and tested for non- 
volatile matter, but gave no weighable residue. 

The pure germanium dioxide described above 
was warmed in a platinum dish with an excess of 
this acid until solution took place Very slightly 
more than the calculated amount 6f purified potas- 
sium carbonate i\as added to the hot, perfectly 
clear, acid solution of the fluoride. Precipitation 
of the double fluoride which began in the hot 
solution \\2Lh made as complete as possible by 
chilling. The precipitate was filtered out upon 
platinum cones and centrifuged, washed with a 
little cold water, fractionated by crystallisation 
from hot i\ater slightly acidified with hydrofluoric 
acid, recrystallised four times from hot water con 
taming a little free acid, and finally again from 
water alone. Each fractionation was accompanied 
by thorough centrifuging of the crystals and be- 
cause of the marked difference in solubility of the 
salt in hot and cold water, all filtrates were set 
aside without further concentration. 

The pure white glistening cry stals thus obtained 
were preserved m a platinum vessel over sul- 
phuric acid m a dessicator whose inner surface 
was protected from the action of traces of hydro- 
gen fluoride by a coat of Canada balsam. 

Reagents, 

Water, — Ordinary^ distilled water was redistilled 
from alkaline permanganate solution, then from 
acid permanaganate, and then alone. .A. block-tin 
condenser was employed, and the distillate was 
received in well-seasoned J ena glass flasks. 
Ground glass surfaces were avoided, the receiving 
flasks being provided with caps ground on the cut- 
side of their necks Spray from the still wa^ 
eliminated by use of a bead-filled splash trap 
The first third portions of distillates were not 
used. 

Small quantities of specially pure watei were 
required from time to time, to be added to the 
i weighing bulb wherein evaporation to drymess was 
effected. For this purpose w^ater prepared as des- 
cribed above was again distilled from an all- 
platinum still and condenser, collected in a re- 
ceiver of the same material, and used imme- 
diately’. 

Hydrogen chloride was prepared by the Hare 
method, using arsenic and iron-free concentrated 
hydrochloric and sulphuric acids. The gas was 
washed and dried in four sulphuric acid tow^ers 
filled with beads and glass ivool. The generator 
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connection was a ground glass joint and all other 
connections were sealed by fusion. 

Niirogeit was required only for fusion of the 
potassium chloride previous to the estimation of 
that salt. The gas was purified by passing it 
through sulphuric acid, over fused potassium hy- 
droxide sticks, finely divided hot copper, again 
over fused caustic potash and finally through 
phosphorus pentoxide. Fused glass connections 
were used throughout. 

Air . — An air current produced by a water blast 
was purified by passing through a silver salt solu- 
tion, alkaline permanganate solution, over 
caustic potash, through sulphuric acid towers, 
over fused caustic potash and soda lime, 
and finally through two towers containing phos- 
phorus pentoxide. As in the case of the nitrogen 
and hydrogen chloride systems ail connections 
were of sealed glass. 

Kline acid was prepared fiom a commercially 
obtained C.P potassium nitrate. The acid nas 
redistilled thrice from an all-quartz apparatus ; 
lo cc. of the final distillate was free from non- 
volatile residue, and gave a negative test for 
chlorine and iron. 

(To be continued) 


UNIVERSITIES, RESEARCH, AND 
BRAIN WASTE.* 

By J. C. FIELDS, Ph.D., F.R.S. 

(Continued from p. 4b). 

The fundamental defect in the educational 
systems on the American continent is the failure 
to make adequate provision for the training of 
the exceptionally gifted. It is quite evident that 
funds must be piovided for the care of the men- 
tally defective. A proposition to help those wdio 
are backward in their studies will receive a sym- 
pathetic hearing, if, however, it were proposed 
that the State should spend money in establishing 
a school for genius after the model of one or other 
of those which are supported by the State in 
France, the cry of class privilege would be raised 
If there were question of extending financial aid 
in their studies to one or other of two boys, the 
first of whom was exceptionally gifted, the second 
of mediocre capacity, and if the man on the street 
were consulted in the matter, he would more 
likely than not advise that the money be given 
to the second boy on the ground that he was 
already handicapped in competition with the first 
boy 

With France, we should learn to realise that 
the exceptionally gifted individual is there for 
the good of the community. All the ameliorations 
which we enjoy we owe in the last resort to such 
individuals. The State, then, may w^ell defray 
the cost of their training for it will ultimately 
profit more from the expenditure than those on 
whom the money is expended. One creative 
worker who adds an increment to the heritage 
handed down from generation to generation ulti- 
mately means more to the nation and the race 
than a hundred mediocrities trained to their capa- 
city. No number of trained mediocrities could 
compensate for the loss of a Newton. 

Whether America has lost one or more Newtons 
no on can say for certain. But that many, very 

+Repniited from the Transactions 0/ the Canadian insitlttU 
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many, who should have done creative work of a 
very high order have, because of defective educa- 
tional facilities, failed to achieve their destiny, 
there can be no doubt Because of this America 
in particular and the world in general are so much 
the poorer. 

A generation ago, American university condi- 
tions were something appalling In my own de- 
partment, students were everywhere misled The 
only way in which one could get an adequate 
grounding in the calculus was by going to Euiope 
This subject, w'hich we have already referred to 
as the basis for most of the higher mathematical 
analysis, was practically everywdiere mistaught. 
The result was that the potential mathematicians 
in America were sterilised. One of them, -who 
after his American training, had the corrective of 
a European experience and now’ holds an honour 
able place among American mathematicians, toli 
me ruefully that he would never recover from his 
early training I have in mind another ana 
\ounger man from w'hom his friends and teacher? 
expected great things. His undergraduate traij 
I mg was of the kind referred to above. On top t 
1 It he completed a course in one of the best gradu 
ate schools on the continent. He has failed to 
make good, how’ever. His graduate teachers 
attribute his failure to the false start given by his 
undergraduate tiaining. I am inclined to accept 
this explanation, for I know the naan, and I am 
convinced that he had the material in him to make 
a research worker. I have had my ow*n experi- 
ence in this connection. Fifteen years after I had 
received my grounding in the calculus I dis- 
covered, I am ashamed to say, in a German uni- 
versity, the University of Berlin, that it had been 
taught to me falsely, iiremediably, and funda- 
mentally falsely. A dislocation of 15 years in 
one’s scientfic life can hardh fail to leave its im- 
press. 

There are other subjects, I am informed, m 
which instruction in American universities w’as 
almost as bad as that in mathematics a generation 
ago. Conditions, however, have greatk-" improved 
in the interval. A student would be tolerabiv 
safe now’ m accepting the guidance in mathema- 
tics offered in any of the larger universities The 
like, will, no doubt, be true of other subjects also 
There is no longer the same urgency as formerly 
for a student to go abroad. Too much inbreed- 
ing, however, is not to be encouraged. A^ certain 
amount of circulation is healthful. A university, 
too, should avoid isolation. It should be in touch 
with other universities at home and abroad, and 
ought to be familiar with what is going on in the 
outside world. 

The change in conditions in American universi- 
ties, the improvement in instruction which has 
taken place during the last 25 to 30 years, is due 
primarily to the initiative and self-sacrifice of 
hundreds of >oung men who, from time to time, 
crossed the Atlantic in pursuit of knowledge. 
After years of study abroad, these men returned to 
America with a new outlook and new ideas. They 
were imbued wdth the spirit of research, and 
brought it with them into the universities where 
they received appointments. In the larger institu- 
tions there \vere developments along graduate and 
research lines. in universities both large and 
small, the research 'spirit reacted on the under- 
graduate work and vitalised it Bringing a sleepy 
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old text-book routine institution into touch with 
research has all the effect of connecting a stag- 
nant with running water. There aie still 

some pools that noiild be the better for a little , 
more flow. , 1 

The research workers just referied to organised ! 
scientific societies. At the meetings of these , 
societies, papers, containing the results of then ' 
researches, -were read and discussed Journals 
were founded for the publication of these papers. 
The scientific status of the United States and the 
universities within its borders rose in the eyes of ] 
Europe. , ' 

The American uihveisities a generation ago | 
were practically all high schools with the excep- j 
tion of the John Hopkins University. They arc i 
now a combination of university and high school, ^ 
and in certain of them the research aide has been . 
considerably emphasised. The John Hopkins vvas | 
a pioneer in research. It w^as founded primaril> ’ 
as a research institution. An important feature j 
in its policy was the appointment of big men to its i 
professorships. Big men, however, w’ere not j 
always available. Furthermore, it w^as staitened I 
financially. It did its best under the circum- | 
stances, and that meant much. Brick and mortal 
held a small place in its programme, and its 
buildings were less pretentious than those of the 
larger American univeisities in general. It estab- 
lished scientific journals, and within a few years 
of its foundation, its prestige in Europe eclipsed 
that of ail other universities on this side of the 
Atlantic. Other universities supplied wdth more 
ample funds have followed the examiile of the 
John Hopkins, and have made research a con- 
spicuous feature of then work. Most univeisities 
on this continent might take a lesson from the 
John Hopkins University in regard to the relative 
emphasis to be laid on men and buildings 

The impiovement in the scientific and academic 
status of American universities during recent 
years I have attributed primarily to a number oi 
individuals who studied in Europe and biought 
back w’ith them to America the inspiration of re- 
search, To these are to be added scientific gradu- 
ates of the John Hopkins University distributed 
among the educational institutions of the conti- 
nent who had their share in leavening the 
academic sentiment and spreading the research 
idea. Those who now have charge of research 
w’ork in American universities and those who are 
engaged in industrial research on this side of the 
Atlantic are, for the most part, pupils of the 
pioneers in research of whom we have just been 
speaking. 

The research men on the staffs of American 
universities have done all that is humanly possible 
for them to do to give efficient instruction in 
science and to improve research conditions in 
their institutions. It is up to the university ad- 
ministrators to do their share. Salaries must be 1 
increased especially in the junior grades, and re- ' 
search men must not be overloaded with teaching. 

I could mention one of the largest universities on 
the continent whose policy it has been to pay its 
professors the minimum for which it could get ! 
them. A few years ago the head of a department 
in this university told me that the professors' 
salaries there ranged from $2,000 to $5,000 a 
year. The President w^as housed palatially. I 
could point you to another famous institution. 


knowm by name to everyone 111 this audience, 
wdiich has on its list professors who are in receipt 
of a yearly salaiy of $2,500 or $3,000. Before the 
w'ar this institution paid its instructors the 
princely sum of $900 a year. A few^ weeks ago I 
learned that it was now* anxious to pay $i,Soo for 
a newly-fledged B.A. as instructor in mathematics 
w^here it formerly expected to secure a man of 
Ph.D. grade for half that sum. This is one of 
the effects of the w^ar. I could name a well- 
known univeisity where they paid instructois 
$1,000 a year before the war. Promotion is none 
too rapid at this institution. Some years ago, so 
I was told, the head of one of the departments 
requested the President to increase the salary of 
one of his instructors to $1,500. The instruct oi 
in question w'as the strongest research man in hit 
department. The President refused the lequest 
on the ground that he w^as not impressive looking. 
Fortunately, he did not have to wait long for a 
call elsewhere. He is now professor in another 
university, ivhere he receives a salary better pro- 
portioned to his attainments. An eminent scien- 
tist, who w'as formerly head of a department in an 
important State university, told me that his twi. 
assistant professors, who happened to be marriec 
men, were so pooih' paid that they had themselves 
to do their family w^ashing 

That the university administration in America 
dues not always appieciate the efforts of the re- 
search man is illustrated m the case of a certain 
State university which had seveial men on its ' 
staff who were interested in lesearch These men 
had published a number of papers in foreign 
scientific journals. This came to the eais of the 
Board of Regents. As it happened the Governor 
of the State was a member of the Board, and he 
lost no time in communicating with the offending 
professors and informing them 
hiied to teach and not to write. This stoiy I have 
from a former professor of the univeisity in 
question. 

The administration of a university may not 
usually express itself in the s^e way as the State 
Governor just referred to, hut its policy' is fre- 
quently just as effective in/discouraging research. 
The business administration of an American uni- 
versity when It comes tc/* engaging instructors is 
apt to apply the laiv of ^pply and demand ruth- 
lessly. It takes no account of the motives or 
ideals of those w’ho are seeking positions on the 
teaching staff. Among the candidates may be one 
w^hose dearest desire in life is to find the oppor- 
tunity to do research. This privilege he would 
not forego for anything which fortune or favour 
could offer him. He has already made his first 
contributions to- knowledge, and there is eveiy 
reason to believe that Nature has endowed him 
with gifts of the highest order. The findings of 
research appear to him to be the most permanent 
contribution to our civilisation. The great path- 
finders in science he regards as the highest product 
of the race. By identifying himself wuth science 
through research it seems to him that he associates 
himself more closely wdth the eternal than he can 
do in any other way. The only opportunity to do 
research would appear to lie in a university 
career. The administration offers him a beggarly 
pittance barely sufficient to hold soul and body 
together. This he accepts in the expectation that 
he will find the time for research. Vain delusion I 
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He is loaded do-wn wth lectures and tutorial work 
on the general business principle that the more 
hours his employers squeeze out of him, the moie 
they are getting for theif money. This is the 
kind of policy which kills the goose that lays the 
golden egg. The years pass. Possibly our le- 
search man gets married. He has no margin to 
come and go on. Promotion comes soluly. 
Financial worries multiply. He finds himself 
at last compelled to abandon his long-cherished 
plans for research. He bioods over the futility 
of his sacrifices, and eats his very heart out. 

^ Some there are w'ho are more fortunate, w'ho 
find it possible to reseive a little time for re- 
search and who manage to produce, though under 
handicap. A few, too, there are who, after vears 
of struggle, arrive in a position where they are 
masters of the major part of then time, and can 
devote themselves to research, if in the interven- 
ing years their productive ardour has not ab«'itcd. 

If, then, scientific productivity in tlie American 
univesities to-day is greater than it w'as a quarter- 
of-a -century ago, the credit therefore is due not 
to the university administrations, but, as we have 
already stated, to members of the academic staffs, 
w’hich members are also responsible for the in- 
creased efficiency of scientific instruction in the 
universities. For the more advanced instiuction 
these men often receive no remuneration. They are 
permitted as a privilege to undertake this work 
in addition to their regular work. There is no 
eight-hour day for the research worker. For 
overtime he does not receive time-and-a-half pav 
He gives the extra time gratis. The layman ma\ 
think that the scientist is paid for the articles fie 
publishes m the technical journals. This, howe- 
ever, is not the case. He does this work gratis 
also. The editorial w'urk on the scientific jouin- 
nals is, in general, done without remuneration 
I may add, furthermore, that there is no money 
in the publication of a st^ientific treatise or a more 
advanced text-book 

The man on the street will say anyone who 
does so much work gratis is not practical. There 
IS this side of it, how’ever, that when a man has 
toiled a lifetime to make a fortune, the very best 
that he can do wuth it is to endow research. His 
benefaction to the race is then of the same effect 
as that of the research w'orker The man of- 
w’ealth contributes indirectly to the w'elfare of 
mankind. He first acquires his w’ealth and then 
uses it to subsidise the research worker. The 
latter m^kes his contribution directly. Why 
should w^e say he is less practical than the busi- 
ness man who has accumulated wealth? It may 
be that, under stress of circumstances, he consents 
to accept less than a decent living salary. The 
business administration of the university w’hich is 
willing to take advantage of his position, how- 
ever, can hardly be called practical for its policy 
is, m the long run, detrimental to the university, 
to science, and to the best interests of the nation. 

In European universities the position of re- 
search is less incidental than in the general run 
of American Universities. Is Germany the uni- 
versity is essentially a research institution, and 
every member of the teaching staff, as we have 
already indicated, is appointed on a basis of re- 
search qualifications. Practic^ly the same result 
is secured in France in anothdr way. The 
professoriate there is reemkad from most 


to the schools for genius, to which I have 
already made reference. In ceitain of the 
English universities the professorial standard 
IS safeguarded by a system of so-called 
electors. Foi thos>e who are not familiar 
with the system I may say that when a chair be- 
comes vacant, a number of men are named whose 
duty it is to select a man to fill the place. These 
are known as electors. They are usually men of 
technical knowledge Certain of them aie from 
the institution concerned The others are out- 
siders. The piincipal evil the system is intended 
to guard against is appointment by local pull. 
The voice of the outsiders, I am told, is usually 
the determining factor in making the selection. 
I have in mmd a case where there were five elec- 
tors, of whom three were from outside the institu- 
tion The two local electors felt under obligation 
to support a colleague who was a candidate for 
the position. The outside electors, how^cver, said 
that they rmist have a stronger research man, and 
It was decided in this sense. 

(To be continued). 
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A Text Book 'of Inorganic Chemistry for Vntver^ 
sity Students. By J. R. Partington, D.Sc., 
M.B.E. Pp. xui 4-1062. 1921. London . 

Macmillan & Co., Ltd. Price 25s. net. 

This text-book is primarily intended for students 
who have completed an introductory course of 
matriculation standard, although the more ele- 
mentary parts of the subject are included so as 
to make the book complete in itself. It is not 
written for any particular examination, but should 
meet the requirements in inorganic chemistry of 
students preparing for the examinations of the 
Intermediate and Pass B Sc. of British universi- 
ties. Brief accounts of technical processes and 
the elements of physical chemistiy are included, 
with worked examples on the latter Amongst 
the section 00 Pfiyskai Chemistry% the Atomic 
Theory and the Periodic Law are given special 
prominence. 

Summaries of chapters have been added wffiere 
this addition has seemed likely to be useful in 
affording assistance if revision, and examples on 
all chapters are provided, the answers being col- 
lected together at the back. of the book. * 

The book is interspersed with 439 illustrations, 
thus greatly hepling thp student to form mental 
pictures of the sr^i^tfueing discussed. 

Chemieai Technology and A^nalys'is of Oils. Fais^ 
and Waxes. Vol. 1 . Sixth Edition. By- Dr. 
J. Lewkowitsch, M.A., F.l.C. Edited by 
by Ge«ige H. W^surton. Pp, xviii.4-6B2. 
1921- London . Messrs. Macmillan 8c Co., 
Ltd- Price 36^.? 

This work is ptffilisbed in three volumes. The 
first is divided into twelve chapters; Chapter I , 
entitled “The Classification of Oils, Fats, lind 
Waxes — Physical and Chemical Propertife of 
Oils, Fats, md Waxes,’’ deals with the bteaicai 
constitution of fats the preparation jiro- 
perties of pure glycerides. Chapter the 

"Saponification oi and Waxes,^ ah 

accormt of methods of saponification 

employed. The "Chemical arid Fliy^cal Prop^t' 
ties of the of 
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Methods for the examination of oils, fats, and 
waxes, both physical and chemical, qualitative 
and quantitative, are next given, this part running 
into nine chapters. 

No index is given at the end of this volume; 
this is reserved for the end of Vol. III., which 
will contain a complete index for the whole w’ork 

A Dictionary of Chemistry. VoL 1 . (A- 

Calcium). By Sir Edward Thorpe^ C.B , 
LL.D., F.R.S. 1921. Pp. X.+752. London : 
Longmans, Green & Co. Price bos. net. 

The previous edition has been thoroughly re- 
vised, and many new articles have been added, 
for instance, on the Natural Organic Colouring 
Matters, and on the Relation of Colour to Chemi- 
cal Constitution. 

Extensive additions have been made to subjects 
of technical importance, such as sulphuric acid, 
nitric acid, chloi'ine, the metallurgy of the com 
mercially important metals, oils, fats, &:c. 

A list of the contributors, with the titles of theii 
articles, is prefixed to the several volumes, also 
a list of the abbreviations used in the Dictionar> 
of the titles of Journals and Books which have 
been used as an authority for a statement appear 
mg, has been inserted. 

Treatise on General and Industrial Inorganic 
Chemistry. By Dr. Ettore Molinari. 
Second Edition. Translated by Thomas H. 
Pope, B.Sc., F.I.C., A.C.G.I. Pp. xix. 4-876. 
1920. London ; J. & A, Churchill. Price 
42s. net. 

This second edition is a translation of the fourth 
Italian edition. The translation of the original 
text has been adhered to as faithfully as possible, 
prices of chemicals, &c., have been converted into 
English currency per kilogrm. in the case of fine 
chemicals, and per ton in other instances. 

The author is Professor of Chemistry at the 
Milan Polytechnic, and this book arose oiit of the 
authoris attempts to devise a general course of in- 
organic chemistry’ for the students of this college, 
which would enable them to grapple with the 
problems of industrial chemistry in a better way 
than had been possible formerly 

For instance, w’herever possible, the author has 
replaced laboratory sketches for sketches of in- 
dustrial apparatus collected by him from the best 
works on chemical technology, from patents, or 
directly from practice in works which he has 
visited. 

The first sections of the work are devoted to 
a short historical sketch of the progress of chemis- 
try from the earliest times, and to a general dis- 
cussion of physical laws. Part II. deals with the 
non-metals and their compounds, also with some 
of the rarer metals which act like ntn-metals in 
some of their reactions. 

The third portion, which deals with the metals 
and their compounds, is preceded by a section on 
the fundamental laws of electrochemistry, and by 
an amplification of the electrolytic theory of 
solutions. 

The book closes with a short summary of the 
periodic system of the elements. 

^ To indicate the importance of each substance as 
it IS dealt with in its position in the book, the 
author has summarised its present and past im- 
portance ^ by means of ^ statistics, including its 
commercial price; in- this way one can obtain a 
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good idea of the uses to which the substance undet 
discussion is put to. 

The book contains 328 illustrations, together 
with t\vo phototype plates, and also a good index 
\vhich runs into 17 pages. 

VitamineSj Essential Food Factors. By BENJAMIN 
Harrow, Ph.D London : George Routledge 
& Sons 

In this interesting book the subject of vitamines. 
one o*f the latest advances in the science of nutri- 
tion, is treated in a popular manner. It is 
astonishing to learn that a subject of such vast 
imiDortance has only been recognized within the 
last ten years The “vitamines,” that subtle some- 
thing in food-stuff whose presence or absence 
means life or death, is so very little understood 
that the very terms used in connection with it are 
unfamiliar to the vast majority of living people. 
The object of the author is to make known in a 
more general sense, the laborious lesearches that 
have been carried on during the last few years on 
this important subject. 

The first part of the book is devoted to a survey 
of the principles of nutrition -prior to the time 
w’hen vitamines were recognised; the knowledge 
involved in such subjects as calories, carbo- 
hydrates, amino-acids, soap, and glycerine,- is dis- 
cussed in a way and in language that pre- 
sents no difficulty to the layman. Six chapters 
are devoted to the subject of vitamines proper, 
their effect upon plant growth, disease, and life, 
are fully discussed, and the concluding chapter 
treats with “Practical Applications,” which is cer- 
tainly the most important section of the book, and 
IS one that should be studied by everyone. 

The perusal of the book, which in itself is of 
very great interest, brings to the reader the con- 
viction that the further unfolding and diffusion 
of this important science will help greatly in the 
struggle that has engaged the human race from its 
origin in the distant past with ever-increasing in- 
tensity up to the present day — the grina fight be- 
tween life and death, health and disease, happi- 
ness and miseij. The author in his endeavour to 
bring vitamines to the attention of the general 
reader has done well. 

A ver>^ complete bibliography is included which 
will be of great value to those w'ho wish to pursue 
the subject further, and a complete index makes 
reference easy. 

The Paper-Maherd Directory for All Nations. 
1921. London . Dean & Son, Ltd. Price 21s. 

In the editorial preface, the disastrous effect of 
the recent addition to the postage rates is referred 
to, and the serious influence upon the present 
trade depression is pointed out It is also an- 
nounced that It is now possible to revise and pub- 
lish the Austrian and German Mill sections, wffiich 
is done very completely; one cannot help noticing 
that the announcements of manufacturers in Eng- 
land and Wales occupy 57 pages, while those^ of 
Germany and Austria fill 94. The book consists 
of three main sections, arranged alphabetically, 
and records full details regarding the paper, 
pulp, and board mills of the world. The first part 
deals with mills in the United Kingdom (with 
many useful lists of allied trades) ; the second 
with those in the Colonies and abroad; and the 
third gives a comprehensive legister of mill pro- 
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ductions under some 400 trade designations^ 
classified according to class of goods manufac- 
tured, country* of origin, and name of firm. Atten- 
tion is drawn to the index of names of advertisers 
that is given at the end of the book with its ob- 
vious advantages 

The Director^’ is very well got up, and does 
credit to its publishers; it is, of course, a neces- 
sity to all purchasers of paper in quantity. 


CORRESPONDENCE. 


[In our issue of May 27, we published a letter 
from Sir Robert Robertson, who drew’ attention to 
a statement that w’as made by Prof. Wilsmore in 
his Address.* We have just received the follow’- 
ing explanation from Prof. Wilsmore. — Editor.] 

CHEMISTS AT £2 os. 6d. PER WEEK. 


To the Editor of the Chemical News. j 

Sir, — Sir Robert Robertson has called my atten- i 
tion to a regrettable error in my Presidential ; 
Address to the Chemical Section of the Australa- 1 
sian Association for the Advancement of Science I 
{Chemical News, May 6, ig2i, cxxii., 209), i 
whereby it is made to appear that the chemists ' 
who were advertised tor early' in 1915 at £,"2. os. 6d. i 
per week w’ere required for w’ork in the Research | 
Department at Woolwich. In reality it was the I 
Inspection Department at the Royal Arsenal, i 
Woolwich, which w'as responsible for the advert- I 
isement offering this ‘^wage” to fully-trained 
chemists. The advertisement in question is 
quoted in full m a letter from Sir William 
Tilden to the Chemical News of February^ 25, 
1915, cxi., io8, from which it 'v\’ill be seen that, 
with the exception of the above-mentioned error, 
my paraphrase was substantially correct. In any 
case, however, it was far from my intention to 
impute responsibility for this advertisement to any 
member of the scientific staff of the Research De- 
partment at Woolwich, least of ail to Sir Robert 
Robertson, who has done probably more than any 
other man to raise the status of chemists in British 
Government Departments; and I regret that my 
words should have conveyed a contraiy’ impres- 
sion. In this connection I wish to lay stress on 
the value of the work w’hich w’as carried out dur- 
ing the war in the Research Department at Wool- 
wich by Sir Robert Robertson and his staff. 
Although some of that work has since been re- 
leased for publication, only those who were be- 
hind the scenes can appreciate fully its importance 
to the nation in the critical times through which 
we have passed. In fact, much of the success of 
the late Department of Explosives Supply was un- 
doubtedly due to the guidance and advice which at 
all times were placed ungrudgingly at its dis- 
posal by Sir Robert Robertson and his former col- 
leagues in the Research Department. — I am, to., 

N. J. M. Wilsmore. 

University of Western Australia, 

Pertb, June 20. 


♦The present position of Chemistry aadf Chemises by Ptdf. N. W 
Wilsmore, Chemical News, May 6, . 


CHEMICAL NOTICES FROM FOREIGN SOURCES* 

Cotnftes Rendiis Hebdoviadaires des Seances de 
VAcademte des Sciences. Vol. clxxiii. , No. i. 
•interaction of Oxalic Acid and Iodic Acid : 
Second part — The Influence of Different Cata- 
lysts — By M. Georges Lemoine. 

Action of Heat on Allyl Alcohol in the Pre- 
sence _ of Different Catalysts.” — By MM. Paul 
Sabatier and Bonasku Kubota. 

“Ammonium Molybdate.” — By M. Georges 

Tauret. 

“The Spectra of Silicon from Molten Salts and 
Steels appearing with Quantitative Sensitiveness.” 
— By M. A. De Gramont. 

“Superficial Tension of Monomolecular Layers.” 
— By M. A. Marcelm. 

Vol. clxxhi.. No. 2. 

“Contribution to the Study of the Stability ot 
Nitrocellulose Powders.” — By M. Fric. 

“Synthesis of Tertiaryalcohols from Methylethv- 
ketone.” — By MM. Pariselle and Simon. 

“Hydrogenation of Some Oils of Maiine Ani- 
mals.” — By M. H. Marcelet. 

“Rotatory power of Ciystalline Masses.” — Bv M 
Louis Longchambou. 


Journal de Pharmacie de Belgique^ No. 27. 
July 3, 1921. 

"Methods of Distinguishing between Cocaine 
Chiorhydrate, Novocaine, and Stovaine, and their 
Examination in Binary Mixtures.” — By MM. G. 
Batta and C. Jenot. Owing to the fairiy frequent 
adulteration of samples of cocainej the above- 
named pharmacists of the University of Liege 
have given m this Journal a number of distin- 
guishing tests, 

Chiorhydrate of cocaine has the following con- 
stitution : — 


HqC CH CH COOCHj, 

N.CH3 ^CHOOC C„ H5 HCl 

1 / 

HjC CH . CHj 

Novocaine is the chiorhydrate of />-aminobenzovl 
diaminoethane. 


CO^C^H^ N HCl 

C 

/X 

HC CH 
H 1 
HC CH 

X/ 

N 


k 


Stovaine is the chiorhydrate of benzoyl ethyldi 
methylaminopropanoL 


C^Hg 

HsC.C.CH*N . HCl, 


^ 0,C0.CHs 

They have set down in k table dlie properties 
and reactions to certain chesaicais of the^ three 
anaesthetics; we have refiroduced it here. 
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Formula 

Molecular weight 
Content of hydrochloric 
acid 

Content of nitrogen 
Physical properties 

Solubility in water 
Solubility in alcohol 

Solubility in chloro- 
form 

Solubility in ether 
Solubility in carbon bi- 
sulphide 

Solubility in benzol 
Melting point ^ 
Polarised light 
Reaction to litmus 
Action with KNO5+P- 
naphthol 

Action with resorcinol 
Action with phenol 
Action with potassium 
permanganate 
Action uith dilute 

HaS04 

Action with ammonia 


Action wnh caustic 
potash 

Action with borax 

Action with sodium 

phosphate 

Action with ferri- 
cyanide 

Action w’ith HNOs-f 
KOH 

Action with potassium 
chromate 

Action with gold chlor- 
ide 

Action with Hgla+KI 

Action with KIxI 


Action with Cl and 

PdCU 

Lime water 


Fuming nitnc acid 


Chlorkydrate of Novocaune 

CasHaoNaOaHCI 

272*5 

13*4 

10*2 

Colouiless needles; in- 
odourous ; feebly bit- 
ter taste 

Soluble in i part water 

Soluble in 30 parts 
of alcohol 

Slightly soluble 

Insoluble 

Insoluble 

Insoluble 
+ 156" 

No action 
Neutral 

Scarlet red precipitate 

Intense red 
Orange red 
Rapid decolouration 

No odour of ether; no 
crystals 

Very feeble precipitate 
appearing after some 
minutes; liq. opales- 
cent 

Oily precipitate be- 
coming crystalline 
No precipitate 


No precipitate 


Blue precipitate 

No odour of benzoic 
^ ether 

No precipitate 

Brown precipitate 

Y el lo wish- white preci- 
pitate 

Precipitate soluble in 
HCl 

Solution blackens with 
chlorine alone; no 
red precipitate 
The addition of small 
quantities of the re- 
agent gives a white 
precipitate (2 per 
cent solution) 
Combination of the 
mixture ; residue of 
very spongy carbon 


Chlorhydrate of Cocaine 
Ci^HaiNO^HCI 

330*5 

10*8 

4*1 

Anhydrous crystals ; 

colourless, odour- 
less ; bitter taste " 
Soluble in 0*75 parts of 
\vater 

Soluble in 60° alcohol ; 
difficultly soluble in 
absolute 
Soluble 

Insoluble 

Practically insoluble 

Insoluble 

183° 

Neutral 
No action 

No action 
No action 

Very slow decoloura- 
tion 

Odour of methylben- 
zoic ether; crystals 
of benzoic acid 
Well formed crystals; 
clear liquid 


White precipitate 
White precipitate 


Thin opalesc^ce in 
concentrated solu- 
tions 

No precipitate 

Odour of benzoic efber 

Precipitate only when 
HCl is added 

Clear yellow^ precipi- 
tate 

Yellowish- white preci- 
pitate, collecting 
easily 

Precipitate collecting 
in concentiated solu- 
tions 

Red precipitate wffien 
the solution is not too 
dilute 

Two or three drop^ 
give a precipitate (2 
per cent solution) 


The mixture does not 
igtrite 


Stovaine 

C.^HaiNO^HCI 

271*5 

13*4 

5 - 

Crystalline powder; 
white, odourless; bit- 
ter taste 

Soluble in tw’o parts of 
water 

Soluble ; less so in ab 
solute 

Soluble 

Insoluble 

Hardly soluble 

Hardly soluble 

175° 

No action 

Acid 

No action 

No action 

No action 

Slow decolouration 

Odour of benzoic ether; 
cry'stais of benzoic 
acid 

Liquid becomes im- 
mediately milky 


White oily precipitate 

White precipitate, less 
soluble than the co- 
caine 

White milky precipi- 
tate 

Precipitate after long 
standing 

Odour of benzoic ether 

Oily' precipitate, before 
the addition of HCl 

Clear yellow precipi- 
tate 

Yellowish-white pre- 
cipitate 

Precipitate 


Thin red colouration 


Two or three drops 
give a precipitate 
(2 per cent solution) 


The mixture does not 
Ignite. 
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In conclusion, the authors state that the 
ansesthetics can easily be identified one from the 
other in pure aqueous solutions by means of the 
reactions given above, especially the reactions 
given with resorcinol and nitric acid, which will 
easily distinguish between novocaine and the 
chlorhydrate of cocaine and stovaine,^ and the 
sodium phosphate reaction which will distinguish 
between stovaine and the others. The reaction of 
novocaine with resorcinol should prove useful for 
toxicological researches, as it is sensitive with 
o*oooi grip, of this ansesthetic 

The authors have been able to reveal the pre- 
sence of less than o^s per cent of novocaine in 
chlorhydrate of cocaine or in stovaine by either 
the /?-naphthol or the resorcinol tests. 

Sodium phosphate wdl leveal the presence of 
less than lo per cent of stovaine in novocaine or 
in chlorhydrate of cocaine, the borax or the sul- 
phuric acid reaction detecting less than 10 per 
cent of cocaine in novocaine. 

TransaciiirNS of the American Electro-Chemical 
Society. Vol. xxxvii., iq2o. 

“Arc Images in Chemical Analysis.” By Wm. 
Roy Mott. In this interesting paper the author 
describes a new method, rapid, delicate, semi- 
quantitative, and comprehensive, for the identifi- 
cation of the elements in simple and complex 
mixtures. Characteristic tests are given for 65 
different elements, and it is claimed that any of 
these can be identified in their ores in a few 
minutes. 

The method makes use of, and combines in one 
operation certain points in spectrum analysis, fire 
assay, micro-chemistry, and fractional distilla- 
tion, and depends upon the phenomena which 
occur when a sample of the material to be tested 
is introduced into an aic struck between carbon 
poles. 

The paper is devoted more to the results ob- 
tained th^n to the actual working details of the 
experiment, but it appears that when a sample of 
about 0*5 grm. of the material is placed in a de- 
pression in the positive caibon and the arc is 
started, various phenomena are observed, such as 
changes in the shape and colour of the arc itself 
or of the flame tip, and the emission of sparks, 
smoke, or odour, w^hich are characteristic of ^ 
various elements. The order distillation of the 
elements, and the height at which they condense 
upon the upper carbon, are made use of; special 
attention being paid to the nature and colour of the 
deposits left upon the electrodes and the extent to 
which they are modified by the addition of simple 
reagents, as in ordinary blowpipe analysis. 

The apparatus consists simply of a direct-current 
arc lamp, enclosed in a hood fitted with a pin- 
hole diaphragm, and a lens so arranged that an 
enlarged image of the arc is thrown upon a screen 
in a dark room. 

The method can be applied directly to all ores, 
minerals, refractories, oxides, oxy-compounds, 
carbides, metals, and alloys. The delicacy of the 
test varies, but it is claimed that, in the cases of 
the uBcomnaon^ refractory, and valuable elements, 
which by the usual wet methods present the most 
difficulty, amounts in the order of 0"O2 cent 
can be detected with ease, in all bases a ^ood 
idea can be obtai^fl of the^feiativ^ quantities 
present. ' " t rm * 


There is no doubt that, could the method be 
brought into general use, it would form a valuable 
supplement to present methods. 

We congratulate the author upon his work, of 
which we should be interested to see a more de- 
tailed account than can be given in a single paper. 


NOTES. 


Institute of Metals — The following papers 
are expected to be submitted at the Annual 
Autumn Meeting of the Institute of Metals, to be 
held in Birmingham on September 21-23 : — 

“The Properties of Some Nickel-Aluminium- 
Copper Alloys.” Bv Prof. A. A. Read, 
D.Met. (Cardiff!, and R. H. Greaves, M.Sc. 
(Woolwich). 

“The Effect of Increasing Proportions of Lead 
upon the Properties of Admiralty Gun-Metal.” 
By R. T Rolfe, F.I.C. (Bedford), 

“The Casting of Brass Ingots.” By R Genders, 
M.B.E., B.Met. (Woolwich). 

“The Density of the Zinc-Copper Alloys,” By T. 

G. Bamford, M Sc. (Birmingham). 
“Experiments in the Working and Annealing of 
Copper.” By F. Johnson, D.Sc, (Birming- 
ham). 

“The Effects of- Progressive Cold-Drawing upon 
some of the Physical Properties of Low-Tin 
Bronze.” By W. E. Alkins, M Sc. (Man- 
chester) and W. Cartwright (Buxton) 

“The Extrusion Defect” By R, Genders, M.B.E, , 
B.Met. (Woolwich). 

“The Use of the Scleroscope on Light Specimens 
of Metals.” By F. S. Tritton (Teddington). 
“The Annealing of Rolled Zinc ” By D. H. 

Ingall, B.Sc, (Birmingham). 

“The Constitution and Age-Hardening of the 
Alloys of Aluminium with Magnesium and 
Silicon.” By D. Hanson, D.Sc. (Teddington) 
and Miss M. L. V. Gayler, M.Sc. ( Teddinton). 
“Electrolytic Etching of Metals ” Bv F. Adcock, 
M.B.E. , B.Sc. (Sheffield). 

“Electron — the High Magnesktm Alloy.” By S. 

Beckinsale, B.Sc. (London), 

Papers will be prep^j^ and discussed at the 
moping sessions, the afternoons being devoted to 
visits to works, and the evenings to social events, 
including a reception by the Lord Mayor, and a 
garden party, whilst to conclude the meeting there 
will be a motor trip to Kenilworth, Warwick, and 
Stratford-on-Avon. A ballot for the election of 
members is now being arranged for the conven- 
ience of those persons who desire to participate in 
the Birmingham meeting. Full particulars can 
be obtained from the &cretan\ Mr G. Shaw 
Scott, M.Sc., 36, Vi^ddg Street, London, 

Since the holding of the inaugural Autumn Meet- 
ing of the, Institute in Birmingham in the 

membetship has grown from 200 to oyef ^ 130a*, 
The as it does the 

visit of the its qjld bwe; wili aford 

a striking indication of tj^ wonderful strides tj|at 
have been made bt me Of 

it% timely found^ton thirteen years ^ 
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A dvertisements 


Board of Trade Announcement. — In accord- 
ance with the provisions of Section 2 (6) of the 
Dyestuffs (Import Regulation) Act, 1920, the 
President of the Board of Trade has appointed 
the following : Mr, W. J. U. Woolcock, C.B.E , 
M.P. (Chairman), Mr, Percy Ashley, C.B (Board 
of Trade), Sir Henr\^ Birchenough, Bart., 
K.C.M.G., Mr. W; H. Dawson, Mr. George 
Douglas, Mr. E. V. Evans, O.B.E., F.I.C , Dr. 
M. O. Forster, F.R.S. (Director of the Salter 
Institute of Industrial Chemistry), Mr. L. B. 
Holliday, Dr, Herbert Levinstein, F.I C., Prof. 
G T. Morgan, F.R.S,, Mr, James Morton, Mr. 
Max Muspratt, Mr. Thomas Taylor, Mr Norman 
Thomas (Admiralty), Mr. G. S. Witham (War 
Office), together with another representative of 
dye-using interests to be appointed shortly, to be 
a Committee to advise the Board of Trade with 
respect to the efficient and economical develop- 
ment of the dye-making industry. 



This List is specially compiled for the Chemical News by Messrs 
Ray net & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.3., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Apphcations. 

18333 — Reduction Co., Inc. — Method of producing hydrocyanic 
acid and cyanides. July 6. 

1S334— Air Reduction Co.^ Iso.— Method of producing hydrocyanic 
acid. July 6 

18092 — Bitumul-Matita Soc. Anon Romana — Manufacture and 
treatment of bitumen. July 4. 

18553— Claessen, C —Process for manufacture of elastic flexible 
masses from mtro cellulose. July 8. 

18479— LorivaJ Manufacturing Co , Ltd.— Manufacture of con- 
densation of phenolic oodies with aldehydic compounds. 
July 7. 

Spectjicaiions published this Week. 

142448- Ges, Fur Chemische Industrie in Basel.— Manufacture of 
substantive ortho-oxy-ayodyestuffs and their application 
in dyeing. 

165639— Carpmael, W,— Furnaces for the manufacture of hydro- 
chloric acid and sodium sulphate. 

Abstract Published thts Week. 

Bitumen and Mineral OU. — Mr. M. E. Fyleman of 103, Cannon 
Street, London, has obtained a Patent No 163519 for an improved 
separation of bitumen or mineral oil from rock or sand impregn9,ted 
therewith. The sand, etc., is treated with an aqueous solution of 
substances promoting the formation of froth such as alkali soaps, 
turkey red oil, samnin or glue, alkali salts or hydromides or dilute 
acids, so that the bitumen or oil separates and rises to the surface 
or sinks to the bottom or forms an emulsion The oil, etc., is then 
separated by a washing process. Heat may be applied to render the 
oil or bitumen fluid or a solvent such as paraffin oil added. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 


Largest Suppliers to the Trade. Patented Gold Medal Colourings 

PURE SUGAR COLOURINGS 

For Beers, Wines, Spirits, Mineral Waters, Gravies, Vinegars, 
Soaps, &c. 

eUARAHTEED FOR ANY PART OF THE WORLD. 


For Wholesale & Export terms apply : — 

GONVILLE JARVIS & Co. Ltd, 

63, BK0AD1SAT, STRATFORD, LONDON, E.JB., Gngland 
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NOT^ES. 

EDITORIAL. — All Literary communications and Books, Chemical 
Apparatus, <^c , for review or notice to be addressed to the 
Editor. ' 

SUBSCRIPTIONSt £1 12s per annum, payable in advance, should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager 

THE CHEMICAL NEWS. 

97, Shoe Lane, London, E.C 4 


ADVERTISEMENTS. 

All communications for this Department should be ad- 
dressed to— 

T. G SCOTT & SON, 

63, Ludgate Hill, London, E C.4 


UNIVERSITY OF BIRMINGHAM. 


FACULTIES. 

SCIENCE • MEDICINE 

ARTS COMMERCE. 

SPECIAL SCHOOLS OF LANGUAGES. 
DEPARTMENT FOR TRAINING OF TEACHERS. 


SCHOOLS OF 

ENGINEERING MINING 

METALLURGY BREWING 

DENTISTRY SOCIAL STUDY. 

Leading to Degrees and Diplomas. 

THE SESSION 1921-22 COMMENCES OCTOBER 3rd, 19^.. 
ALL COURSES AND DEGREES ARE OPEN TO 
BOTH MEN AND WOMEN STUDENTS. 

In the Medical School Courses of Instruction are arranged to 
meet the requirements of other Universities and Licensing B^ies. 

Graduates, or persons who have passed Degree Examinations 
of other Universities, may, after one year’s study or research, take 
a Master’s Degree. 

SEPARATE SYLLABUSES with full information as to 
Lecture and Laboratory Courses, Fees, Regulations for Degrees, 
Diplomas, etc., Exhibitions and Scholarships, are published as 
follows • — 

1, Faculty of Science. 

2. Faculty of Arts. 

5. Faculty of Medicine. 

4. Faculty of Commerce, 

6 Department of Social Study. 

6. Department of Biology and Chemistry of Fermentation. 

7. Exhibitions, Scholarships, etc. 

and will be sent on application to the undersigned. 

GEO. H. MORLEY, 

' Secretary. 


(^HEMIST Wanted, with experience in 

analysis of Foods, etc., preference given to F.I C. or A I.C. 
Branch E. State age, experience, and salary requiied, to Box 
840, c/q T, G Scott & Sqh , 63, Ludgate Hill, London, E.C.4. 

“DEQUIRED small amount of working 

■LV capital to open up a Lead mining property in north of 
England, ore already located and property favourably 
reported on by A I M.M. Particulars on application. Write Box 
227, WiLLiNGS, 125, Strand, London, W.C.2. 

PHARMACIST — Chemist. Twenty years’ 

A experience, Analytical, Manufacturing, Research, seeks 
responsible appointment. Box 841, c/o T. G. Scott & Son, 
63, Ludgate Hill, London, E.C.4. 


CHEMICALLY PURE 

TIN 

CAPPER PASS & SON, Ltd. 

BEDMINSTER SMELTING WORKS 

BRISTOL. 
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INTERNATIONAL PHYSICO-CHEMICAL 
SYMBOLS.* 

(Authorised for Publication by the Council 
OF the Chemical Society) . 

At tke meeting of the Council of the International 
Association of Chemical Societies, held in 
Brussels in September, 1913, it was decided that 
the International Commission for the Unification 
of Physico-Chemical Symbols “Shall appoint a 
small Working Committee of five members, not 
necessarily members of the Council, to receive and 
consider the reports of the National Committees, 
and further to suggest methods for the organisa- 
tion and carding out of future work.” In accord- 
ance with this decision, the President of the Inter- 
national Commission (the late Sir William Ram- 
say) nominated the following gentlemen to serve 
on the Working Committee, namely. Sir William 
Ramsay (Chairman), Dr. Friedrich Auerbach, 
Prof, P. A. Guye, Prof, P. J. Walden, and Prof. 
Alex Findlay (Secretary), and these nominations 
were approved by the Commission. 

In accordance with the decision of the Inter- 
national Commission, approved by the Council 
(Report, 1913, p. 27), the list of symbols recom- 
mended by the Commission was sent to the differ- 
ent societies affiliated with the International Asso- 
ciation of Chemical Societies, as well as to the 
Ausschuss fiir Einheiten und Formelgrbssen and 
the International Electrotechnical Commission, 
and the request was' made that these societies or 
bodies should intimate to the Secretary any criti- 
cisms or suggestions which they might have to 
make regarding the symbols recommended. 

The criticisms and suggestions received were 
considered at a meeting of the Working Com- 
mittee held in Paris on May 29 and 30, 1914. At 
this meeting. Dr. Charles Mane was also present 
fay invitation of the Chairman. 

At the outset, the following general principles 
were adopted : 

I. The decisions of the Committee shall be re- 
stricted to s3mbols for quantities of chemical or 
physico-chemical importance. 

2- In respect of symbols for quantities used, 
more especially in mathematics, physics, and the 
various branches of applied mathematics and phy- 
sics, the Committee shall restrict itself to noting 
the symbols which have been recommended or 
adopted by the scientific bodies specially inter- 
ested in these quantities. ^ With regard to the 
latter, it was resolved to include in the list of 
symbols only those about ^^hich there is general 
agreement among the specially competent bodies. 

3. The decisions of the Comnaittee shall be re- 
stricted to symbols for quantities, and shall not 
extend to signs for the names of units. 

4. The Committee considers it to be inadvis- 
able that any attempt should be made to compel 

* Reprinted from the Journal of tht ChomUal Socie^^ Apnl, 1921, 


authors to use the symbols which the Committee 
recommends. Every means, however, should be 
taken to encourage the use of these symbols, 
which would be revised at such times and in such 
wavs as might appear to the Commission to be 
advisable. 

5. With regard to the symbols for quantities 
which are employed in different branches of pure 
or applied science, the Committee considers that 
it is not possible in every case to obtain agree- 
ment between the different sciences. It is of 
opinion, therefore, that the symbols suggested 
should be such as might find general acceptance 
by chemists and pbysico-chemists. 

6. The Committee recommends that in every 
case authofs should express their results in C.G.S. 
units. 

On the basis of these general principles, the 
Committee drew up, for the approval of the Inter- 
national Commission, the list of symbols given be- 
low. This list of symbols was circulated among 
the members of the Working Committee, and was 
returned to me approved and initialled by Sir 
William Ramsay, Dr. Auerbach, Professors Guye 
and Walden, and Dr. Marie It was the inten- 
tion, after taking account of any remarks made by 
the members of the Committee, to circulate the 
final list for signature by the members of the Com- 
mittee, but the outbreak of war prevented this 
from being done. These remarks have, however, 
been taken account of in the list given below, 
which may be taken as being practically identical 
with that initialled by the individual members of 
the Committee. 

In accordance with a recommendation of the 
Working Committee, it has been thought well to 
append to the list of symbols the reasons for the 
choice of symbol made by the Committee in cer- 
tain debated cases. 

Alex. Findlay, 

Secretary to the Working Coimniitee, 

List of Symbols recommended by ike Working 
Committee of the International Commission for 
the Unification of Physico-Chemical Symbols 

(1914). 

1. Mathematical Symbols. 

Usual Alternative 
symbol. symbol. 

Base of natural (Napierian) 

logarithms ... — e 

Diameter ... d 

Radius ... ... ... r 

Ratio of ciitasaference to 
diameter ... 

Supaniation ... - - • 2 

Variation ... ^ 

Total differential ... d 

Partial differential ' ... h 

2. Unmet sal Constants, 

Acceleration due to gravity g 

Mechanical equivalent of heat J 

Avogadro’s constant ^number 
of molecules in 1 ^ram- 
molectde (mole)] ... ^ , 

Gaa constant per mole ... R 

Faraday’s constant (number 
of 

equivalent qf^a^ 'ion) ... F 

Chaige on an electron ... e 
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General Physics ani 


Chemistry, 

I 

h 

m 

t 

V, V 


3 

Length 
Height 
Mass 
Time 
Volume 

Density (mass per unit 
volume) 

Pressure ... 

Concentration 
Mole fraction 

Critical constants : pressure,! ( 
volume, temperature 1 ) 

(centigrade) , temperature [ 1 
(absolut^), density ... j i 
Reduced quantities : pressure \ t 
volume, temperature [• -! 
den<^ity ... ...j [ 

van der Waals’s constants ... 

Fluidity ... ... ‘ 

Viscosity 
Surface tension 
Diffusion coefficient 
Atoimc weight 
Molecular weight ... 

Velocity coefficient of reaction 
Equilibrium constant AT, {Kc, Kp) 

van’t Hoff coefficient 
Degree of dissociation (elec- 
trolytic. thermal, etc,) a 

4 Heat and Thermodynainics. 
Temperature (centigrade) ... t 

Temperature (absolute) ... T 

Critical temperature ... tct 1 0 

Reduced temperature ... t^, Tr 

Critical solution temperature T'cs. 

Quantity of heat ... ... Q 

Entropy ... ... ... 5 

Specific heat ... ... c 

Specific heat at constant 


d 

P.P 

Cf C 
X 

PcrVc 
tcf ^ c 
dc 

Pn^r 
tn 1 r 
dr 
ajb 
0 
V 

y 

A 
A 
M 
k 

K{Kc 
i 


pressure 

Specific heat at constant 

cp 

volume 

Cv 

Ratio of specific heats, : Cx, 

y 

Molecular heat 

Molecular heat at constant 

C 

pressure 

Molecular heat at constant 


volume 

Cv 

Latent heat per gram 

1 

In.tent heat per mole 

Maximum work (diminution 

L 

of free energy) 

5. Optics. 

A 

Usual i 

symbol. 

Wave-length of light 

A 

Refractive index ... 

Specific refractive power 

n 

(Gladstone and Dale) ... 
Specific refractive power 

t o, [rolC 

(Lorentz and Xxirenz) ... 

rh, X 

Molecular refractive power | 

Rof Rl 

Angle of optical rotation ... 

a 

Specific rotatory power 

H 

Molecular rotatory power ... 

Mia] 

Specific magnetic rotation ... 

[«] 

Molecular ma^netiv: rotation 

MM 

6. Electricity and Magnetisfn. 

Quantity of electricity 

Q 


Alternative 

symbol. 


Current intensity ... 
Resistance 
Electromotive force 
Electrode potential, or dis- 
charge potential of an 
ion ... 

Electrode potential referred 
to the normal hydrogen 
or normal calomel elec- 
trode respectively, the 
potential of which is 
taken as zero ... 

Normal potential, ue,s the 
electrode potential re- 
ferred to the .normal 
hydrogen or normal cal- 
omel electrode respec 
tively, when the solution 
is molecular-normal in 
respect of all participating 
substances and ions of 
variable concentration... 
Dielectric constant 
Conductivity (specific con- 
ductance) 

Equivalent conductivity 
Equivalent conductivity at 
different dilutions — vol- 
umes in litres containing 
1 gram-equivalent 
Equiv^ent conductivity of 
kation and of anion , ... 
Equivalent conductmty of 
specified ions... 
Molecular conductivity 
Velocity of kation and of 
anion in cm. /sec. when 
the potential gradient is 
1 volt per cm. ... 

Transport number of kation 
and of anion ... * ... 

Magnetic permeability 
M agnetic susceptibility 


/ 

R 

E 


W 


Eftf Pc 




oPhf Qpc 0 **^ 


^io» Aqq 


Ak* Ad' 


i 7 *, Ua 

rihf fta 

K 


List of 

Symbol. 

A 

a 

h 

C 

c 

Cj,, Cv 

C^r Cv 

D 

d 

dc 

dr 

E 

e 

Eh> Ec 


Symbols, arranged Alphabetically. 

Name of quantity. 

Atomic weight ; maximum work 
Van der Waals's constant 
Van der Waals’s constant 
Concentration : molecular heat 
Concentration ; specific heat 
Molecular heat at constant pressure, and 
at constant volume 

Specific heat at constant pressure, and at 
constant volume 
Alternative symbol for density 
Diameter ; iotal differential ; density 
Critical density 
Reduced density 

Electromotive force ; electrode potential 
Base of Napierian logarithms; charge on 
an electron 

Electrode potential referred to the normal 
hydrogen or the normal calomel 
electrode, respectively, the potential of 
which is taken as zero 
Normal potential, that is. the electrode 
potential referred to the normal 
hydrog^ or the normal calomel 
electrode respectively, when the 
solution is molecular-normal in respect 
of all participating substances and ions 
of variable concf>ntration 
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F 


g 

h 

/ 


Symbol. 

J 

K 


k 

L 

I 

M 

MCa] 

Miod] 

m 

N 


Hht ffa 
nr 
P 

Pet Pr 

Q 

R 

Rof Rl 


r 

r^ri. 


S 

T 

T, 

Tr 


t 

t 

tes 

Uu,Ua 


V 

V 

Vet Vr 

w 

X 

a 

w 

y 

A 

a 

h 


fht e 




Faraday’s constant (number of coulombs 
per gram-equivalent of an ion) 
Acceleration due to gravity 
Height 
Current 

Van’t Hoff's coefficient 

Name of quantity. 

Mechanical equivalent of heat 
Equilibrium constant 

Equilibrium constant, when molar con- 
centrations and partial pressures 
respectively are employed 
Velocity coefficient of reaction 
Latent heat per mole 
Length ; latent heat per gram 
Molecular weight 
Molecular rotatory power 
Molecular magnetic rotatory power 
Mass 

Avogadro’s constant (Loschmidt’s number) 
or numb^ of molecules in 1 gram- 
molecule 
Refractive index 

Transport number of kation and of anion 
Refractive index (alternative symbol) 
Pressuie 

Critical pressure : reduced pressure 
Quantity of heat ; quantity of electricity 
Gas constant per mole; electrical resistance 
Molecular refractive power, according to 
Gladstone and Dale, and to Lorentz 
Lor^z respectively 

Radius ■ 

Specific refractive power according to | 
Gladstone and Dale, and to Lorentz i 
and Lorenz respectively 
Entropy 

Absolute temperature 

Critical temperature (on the absolute scale) 
RMuced temperatnfe (absolute) 

Critical soluticai temperature (absolute) 

Time ; temperatu-e (centigrade) 

Critical temperature (centigrade) 

Critical solution tem^rature (centigrade) 
Reduced temperature (centigrade) 

Velocity of kation and of anion in cm. /sec. 
when the potential gradient is 1 volt 
per cm. 

Volume 

Volume 

Critic^ volume ; reduced volume 
Electrical resistance (alternative symbol) 
Mole fraction 

Degree of dissociation (electrolytic, thermal, 
Ota) ; angle of optical rotation 
Specific rotatory power 
Surface tension ; ratio of ^>ecific heais 
Diffusion coefficient 
Variable 

Partial differential 

Electrode potential (alternative symbol) ; 
dielectric constant 

Electrode potential referred to the normal 
hydrogen or ^ the normal calomel 
electrode re^w^vely, the poteotiad id 
which is taken as zero (alternative 
symbols) 

Normal potential, that is, ihet electrode 
^tentiai referred to the normal 
lydt^ogen or^^ the normal calomel 
electroefe re^^veiy, "when to sphi- 
tipn Is piqlBCuW-irormal in respect of 

^ J 


V 

0 


K 

A 

Aio# ^v» ^00 



all participating substances and ions of 
variable concentration (alternative 
symbols 

Viscosity 

Temperature (centigrade), (alternative 
symbol) 

Specific conductance (conductivity) , mag- 
netic susceptibility 

Equivalent conductivity 

Equivalent conductivity at different dilutions 
(volumes in litres containing 1 gram- 
equivalent) 

Equivalent conductivity of kation and of 
anion 

Wave-length of light 

Molecular conductivity ; magnetic permea- 
bility 

Ratio of circumference to diameter 

Summation 

Surface tension (alternative symbol) 

Fluidity 

Speafic magnetic rotation 


Reinarks on the Symbols Recommended by the 
Working Committee, 

Density, — The symbol p was suggested by the 
Electrotechnical Committee of Norway. The 
symbol with the alternative symbol D to be 
used, for example, in the differential dDjdt^ was 
adopted, as it is the initial letter of the name of 
the quantity in the different European languages 
and is also most generally employed by chemists. 

Volume, — The Committee adopted V as sym- 
bols for volume generally. The symbols mo, 

&c,y recommond^ provisionally by the Inter- 
national Commission in 1913 were omitted. In 
these and in other similar cases, the Committee 
considered that it was unwise to attempt to pre- 
scribe. a definite symbol for every variation of the 
fundamental quantity. It was decided, therefore, 
to retain only the g^eral symbol. 

Pressure.^Fov reasons similar to those stated 
under “Volun^,” the Committee decided not to re- 
tain the symlwl P for emetic procure. 

Concentration. — A nmnber of suggestions were 
received for symbols for concentration expressed 
in different units. Tlie Committee, however, con- 
sidered that it was not advisable at present to 
adopt special symbols for such quantities. The 
I symbols c^ C concentration in general were 
therefore adopted, the author being left free to 
specify the units employed by him. 

Critical Quanti^im. — ^The use of the Latin 
letters, recommen^^^^^ the International Com- 
missioBi^ was confirmed by the Committee. 
They diosen in plate of Greek letters, in 

accordance with a general principle adopted by 
the Commission that Greek characters should ^ 
used as sparingly as possible. 

Viscosity. — The symbol was recommended by 
the fnteriaationi in 1913 as bmng in 

accordance with the usage among physicists. No 
objections to this symbol had been received, and 
the Committee confiimed its adoption. 

Surface Tension.^^hei International 
mos recon»!^<W ^ symbol y as chief symbol 
for surface tenriou o® account of its employto®t 
in the clasmcai ^i^Efee^hes dealing si]h- 

ject. No objections^ this 
ceiired; proposed that it should 

be retained^ atolg the alter^^^e symbol 

* ^ ^ ^ 'i' , , 



72 tniernational Physico-Chemical Symbols [^a“u^5,?9*T* 


Diifusioji Coefficient, — The symbol A was sug- 
gested by the Spanish Chemical Society ; the sym- 
bol K by the Danish Chemical Society ; the symbol 
k by the American Chemical Society; and D by 
the French Chemical Society. The Committee 
decided to recommend the symbol A, which is but 
little used for other quantities (for example, de- 
pression of the freezing point), whereas K_, and 
k are used for the important quantities, density, 
equilibrium constant, and velocity coefficient of 
reaction. 

Equilibrium Constant. — The symbol univers- 
ally employed, was retained by the Committee. 
The Committee adopted the suggestion, made by 
the Danish Chemical Society, that, where neces- 
sary or desirable, the symbols Kc and Kp be em- 
ployed for the equilibrium constant when molar 
concentrations and partial pressures respectively 
are employed. 

Degree of Dissociation. — The International 
Commission in 1913 recommended the symbol a 
for the degree of electrolytic dissociation in pre- 
ference to the symbol 7, as the latter is employed 
for surface tension and for the ratio of specific 
heats. The Committee agreed with this, and re- 
commended that a be adopted generally for degree 
of dissociation (electrolytic, thermal, &c.). 

Entrof>y. — For this quantity, the International 
Commission recommended the symbol (^), on the 
grounds that this symbol was used by Willard 
Gibbs, and also because S had been adopted for 
molecular heat. Obections, however, had been 
made to the use of p by the Bunsen Gesellschaft 
and by the Russian Physical Society, and the sym- 
bol n had been suggested by the American Chemi- 
cal Society. 

The Committee, after consideration, formed the 
opinion that although it is of importance to pre- 
serve, as far as possible, any symbol used in the 
classics of a science, reasons may exist for aban- 
doning the classical symbol. In the present case, 
the symbol S appears to be most largely employed 
by writers on thermodynamics, and has been 
adopted by the International Electrotechnical 
Commission. For this reason, the Committee 
adopted the symbol which has also the advan- 
tage that it is a Latin and not a Greek character. 
The use of ij as the symbol for viscosity is a 
further argument against the adoption of that 
letter as the symbol for entropy. The objection 
of the International Commission that S was used 
for molecular heat no longer exists, according to 
the recommendations of the Working Committee. 

S'pecific and Molectdar Heat. — On the repre- 
sentations of the Bunsen Gesellschaft and of the 
Soci4t^ de chimie' physique, the Committee de- 
cided to recommend the adoption of the classical 
symbols c and C for specific and molecular heat 
in place of the symbols s and which were re- 
commended by the International Commission in 
1913. The former symbols are those most fre- 
quently employed, and have been adopted also by 
the Ausschuss fiir Einheiten imd Formelgrossen. 

Ratio of Sfecific Heats. — The International 
Commission in 1913 recommended the symbol 7 in 
preference to k as being in growing use among 
physicists. The Working Committee confirmed 
this recommendation. 

Latent eat. — ^The International Commission in 
1913 recommended the generally employed sym- 
bols I and L for latent heat per grm. and per mole 


(grm. -molecule) respectivelly, the small and the 
capital letter being employed in accordance with 
general principles. The Danish Chemical Society 
suggested the symbol q for (reversible) latent 
heat, and considered that it is not necessary to 
have different symbols for latent heat per grm. 
and per mole. That Society also raised objection 
to the use of the letters Ij L on the ground that 
they are, or may be, employed as symbols for 
solubility. The Workmg Committee, however, 
confirmed the recommendation of the Inter- 
national Commission for the following reasons : 
The letter I is the initial letter of the distinctive 
part of the name of the quantity in the different 
European languages, and, further the symbols for 
latent heat and solubility would occur very seldom 
in the same formula. 

Maximum Workj or Diminution of the Free 
Energy of a System. — The International Commis- 
sion in 1913 recommended the symbol W for 
“work.” Whereas the Danish Chemical Society 
suggested that W may be used as a symbol for 
“wmrk generally,” objections have been raised to 
the use of in the sense of “maximum work,” or 
diminution of the free energy. Since it is the 
latter quantity that is of importance in physical 
chemistry, the Committee was of opinion that no 
symbol need be recommended for “work gener- 
ally,” and that the symbol A should be adopted 
for “maximum work.” This symbol has been 
adopted by the Ausschuss fiir Einheiten und 
Formelgrossen and by the International Electm- 
technical Commission, and is used in the majority 
of text-books and journals. The American 
Chemical Society recommended the symbol f 
(=e-tr})^ the symbolism employed by Willard 
Gibbs. The Committee regretted that it felt it to 
be advisable, on the principle of disturbing exist- 
ing usage as little as possible, not to adopt the 
Greek letters emplo-yed by Gibbs. 

Refractive Index — The symbol n (with Wr as 
alternative) was recommended by the Inter- 
national Commission in 1913 as being most gener- 
ally employed. The Committee confirmed this re- 
commendation. For the specific refractive power, 
according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively, the symbols ro and r^ 
or, if it is desired to indicate the temperature and 
wave-length of light, the symbols 

were adopted as general symbols by the 
Committee. The use of A. in this general symbol 
in place of Dj given in the list of symbols recom- 
mended by the International Commission in 1913? 
seems preferable as being more general, and be- 
cause A, is the symbol for the wave-length of light. 
As a specific example, one might write 

Molecular Rotatory Power.— Committee 
was of opinion that iris more in harmony with 
general principles to adopt the symbol Mia] for 
molecular rotatory power, and to redefine this 
molecular weight x [a] 
as M[a] = -=LM}. 

100 

Magnetic Rotation. — The Committee recoin- 
mended the adoption of the symbol [<o] for speci- 
fic magnetic rotation, and for molecular 

magnetic rotatory power, which is defined in re- 
ference to that of water as imit 

Resistance. — The Committee recommended the 
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adoption of the symbol Rj which has been adopted 
also by the International Electrotechnical Com- 
mission. On the suggestion of the Bunsen Gesell- 
schaft, the Committee adopted the letter W as an 
alternative symbol for use when confusion with 
the gas constant may arise. 

Electrode FoientiaL — The International Com- 
mission in 1913 recommended the symbol e for 
electrode potential. Objections have been raised 
to the adoption of this symbol on the grounds that 
in writing, the Latin e is frequently written like 
the Greek and also that the use of c, especially 
when the suffixes h and for example, «c» are 
add«d, is more trying to read. As the electrode 
potential is really an electromotive force, the 
Working Committee was of opinion that E^ the 
symbol for electromotive, force may also be 
adopted as chief symbol for electrode potential, 
the sjTmbol t being, however, retained as an 
alternative symbol. 

Dielectric Constant . — The Committee decided to 
adopt e instead of as the symbol for this quan- 
tity, as the former had been adopted by the Auss- 
chuss fiir Einheiten und Formelgrossen and by 
the International Electrotechnical Commission. 

Equivalent Conductivity . — The adoption of the 
symbol ^ was confirmed. It is defined as 

loOOlC 

A = 

concentration in grm, -equivalents per litre 

For the equivalent conductivity of the kation, 
the Committee considered that it is advisable to 
use the letter h as suffix in place of c (that is. 
Aft in place of since the former letter repre- 
sents a more correct transcription of the Greek, 
and is also largely used at present. The Com- 
mittee recommended that kation should always be 
spelt with a k. 

Molecular Conditotivity.~^^\iQ. Committee re- 
commended the symbol y 

( lOOCMC 

concentration in moles per litre 
for the molecular conductivity. This quantity 
was not included in the list drawn up by the 
International Commission in 1913. It should be 
noted that this symbol should not be confused 
with that used by W. Ostwald for the molecular 
conductivity measured in reciprocal Siemens 
units. 

Findlay, 

Secretary to the Working Committee. 
ATOMIC WEIGHT OF GERMANIUM.* 

By JOHN H. MULLER 
(Concluded from p. 61) 

The Afparatus . — For obvious reasons the con- 
version of potassium fiuogermanate to potassium 
chloride had to be effected in an all-platinum 
vessel, illustrated in Fig* r. With slight modifi- 
cations the weighing bulb and counterpoise w^re 
identical wdth those used by Smith and Van 
HaageidP in their recent determination of the 
atomic weights of boro^ * and fluorine, in this 
laboratory. 

The capacky of the teig-necked platinum 
lyeighing bulb was 30 cc. .yjbe neA; was i^s 

* From Journal of the Chmme^ Sooniy^ Maty » i 


Wide, and the total volume of the fiask about 
40 cc. 



FIG. 1. 


The inner tube A permitted the passage of the 
current of gas to the bulb and contents and was 
furnished with two perforated discs C. The discs 
were about 5 cm apart, and almost touched the 
walls of the neck of the flask. Their principal 
function was, of course, to prevent mechanical 
loss, but they also served to guide the inner tube 
into correct alignment for the adjustment of the 
platinum stopper, an important advantage because 
of the delicate uatiu^e of a ground platinum con- 
nection. 

The bulb was supported upon two stout arms or 
lugs near the top of the flask and diametrically 
opposite each other. These rested upon the 
platinum-covered prpngs of a fork projecting 
from a stand (not shown). 

B shows the platkium elbow-tube, the end of 
whi<ii was grou^^^ii the entrance to the inner 
tube. A sihatl * platinum ^ ^topper ground to the 
same size {k) served to close the inner tube during 
weighing. ? 

A large platinum crucible and perforated cover 
prevented direct con^ct of the bulb and flame; 
and as the temperatufe during each determination 
had to be controlled^ a" platinum-iridium thermo- 
couple, D, was introduced through the crucible 
cover, the end of the couple being on a level with 
the bottom of the we^g^ung bulb. 

The waste hyd^rogi^icMoride bearing the (fecom-- 
poskion producis., germanium and tetrachlonde 
and bydrta^n iupride, was taken off through a 
pure gold cap and tdbe G (shown in a), and 
draw^ Jthrpugh wash-bottles^ bentaink^ 

scdirtion. The cap fitted 
Over 'me entine top of the during the 
^ i 
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use of the hydrogen chloride but was not required 
while the nitrogen and air were in use. These 
latter gases were simply allowed to escape into the 
air around the stopper, which was slightly raised 
from its seat by means of a small piece of plati- 
num foil inserted at E (Fig,_ 2). Thus the neutral 
gases were thrown away, but excess of acid gas 
was disposed of and its germanium content re- 
covered without complicating the apparatus 
further by adding a side arm and stopper. 

The generators and entire systems for washing 
and drying of air, nitrogen and hydrogen chloride 
were constructed wholly of glass, all connections 
between washing bottles being fused together, and 
ground connections were only used between 



generator flasks and the anterior ends of the wash- 
ing trains. These three gases passed to a three- 
way stopcock from which any one gas could be 
taken off through a single supply tube leading to 
the platinum connection H. The connection be- 
tween glass and platinum at H was a carefully 
ground joint and a very tight connection was 
effected at this point by first grinding the glass 
and platinum to accurate fitting, heating the plati- 
num and then slipping it while hot on to the cooler 
glass. Upon cooling and contracting, the softer 
platinum took fast hold and the joint remained 
gas-tight throughout all determinations. 

The apparatus proper (excepting only the gas 
generators and washing systems), was enclosed in 
glass-sided cabinet furnished with a tight 
shding door and a small opening at the top for 
the escape of hot air. This precaution was im- 
on accotmt of the many hours of exposure 
of the bulb for a single determination and served 
admirably to exclude dust and laboratory fumes 
from the vicinity of the weighing bulb. 

^ Manipulation of the bulb and counterpoise ad- 
justment of platinum connections, dec., were 
facilitated by the use of four thoroughly washed 
and hnt-free linen finger covers. These allowed 
a much firmer hold of the flask and more accurate 
adjustraent of stoppers than the usual use of tongs 
or handkerchief. They were kept ready for use 
and free from dust in a compartment of the dessi- 
for the bulb and counterpoise. 

Balance and Weighings were made 

were made on a Troemner balance No. 10, which 
IS easily sensitive to 0*02 mg. The weights were 
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carefully calibrated by Richards^ substitution 
method. The larger weights were of gold-plated 
brass and the fractions of platinum. The counter- 
poise was a platinum flask of nearly the same 
weight and surface as the weighing bulb. Both 
bulb and counterpoise were allowed to come to the 
same temperature and surface condition side by 
side in a large dessicator, and the dessicator was 
allowed to remain near the balance for some hours 
before final weighings were taken. 

For vacuum corrections, 1*995 was taken as the 
accepted density of potassium chloride [Jourri. 
Am. Chem. Soc.^ 1907, xxix., 632). The density 
of potassium fluogermanate had to be determined. 
For this purpose pure toluene distilled over 
sodium and redistilled alone was used. The 
mean of three determinations at 22® was 3*244* 
The corrections were of quite appreciable magni- 
tude, amounting to +0*00045 per grm. of chloride 
and +0*00024 per grm. of fluogermanate. 

The atomic weights used in calculating the 
atomic weight of germanium were chlorine, 3 5* 4b; 
potassium, 39*10; and fluorine, 19*00. 

The D ehydraiion of Potassiinn Fluogermanate. 

It is known that the removal of water from a 
number of double fluorides is accompanied by par- 
tial decomposition, small amounts of oxygen being 
introduced into the salt with the elimination of 
some hydrofluoric acid. As such decomposition 
would introduce serious error into exact deter- 
minations, the proper conditions for dehydration 
of the fluogermanate were studied in preliminary 
experiments. 

A 15-g. sample of the moist centrifuged purest 
potassium fluogermanate was allowed to dry in 
dust-free air at room temperature. ^ 4*50071 g. of 
this air-dried sample wa$ then exposed to a slow 
current of perfectly dry air for six hours at 70® to 
So®. The loss in weight was 0*00035 g. When 
further exposed to dr>* air at 450® the weight be- 
came constant after a loss of o*oo8io g. Reheat- 
ing for 14 hours at the same temperature afforded 
no further loss. The salt then weighed 4*49128 g. 

Another portion of the original air-dried salt 
was exposed i 7 i vacuo over sulphuric acid for 
nearly a week, when the moisture content was 
only slightly changed. It was then evident that 
the small quantity of water in the salt was en- 
closed within the ciy^stals and could not be re- 
moved except at a temperature at or near the 
melting point. As mentioned before, the melting 
point the salt is over 700°, but at that tempera- 
ture it is appreciably volatile. At 450° no volati- 
lity could be detected. It seemed advisable, 
therefore, not to use a temperature higher than 
450° ; but as the long-necked flask and its perfor- 
ated discs acted as a condenser, it was possible 
after a preliminary^ dp^ng at 400® to 450® to stop 
the air current and raise the bottom of the flask to 
a higher temperature for a few moments without 
loss. The salt then sintered together but did not 
lose more weight. Accordingly the conclusion 
was drawn that a temperature of 450® and a slow 
current of air will completely dry the salt if time 
enough be allowed. At higher temperatures it is 
evident that the condensation of sublimed salt 
upon the obstructions well up in the neck of the 
flask would have introduced a greater error than 
the possible trace of moisture that might have 
been left in the salt dried at 450®. 
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A much higher temperature was used, of course, 
to melt the residual potassium chloride, but this 
operation was not necessary until ail of the ger- 
manium and fluorine had been removed in 
hydrogen chloride. 

Final Determinations. 

The general procedure in the dehydration of the 
potassium fiuogermanate was the same m all 
determinations, and may be outlined as follows. 

The empty bulb, protected by the platinum cru- 
cible air-bath, was ignited at 800° for about 
20 minutes, and a current of dry air was allowed 
to pass through tht bulb during the application of 
, heat. It \vas reweighed to constant weight 
±0*02 mg., approximately The sample of 
fiuogermanate was then introduced through a 
platinum funnel, the stem of which projected well 
down into the neck of the flask. The bulb was 
then connected with the air supply and a slow 
current of dr\' air was passed through at 60® to 
70® for three hours, then at 150° for two hours, 
and then the temperature was raised slowly to 
400° to 450°, and so maintained for four to six 
hours. More than three reheatings at 400° were 
seldom required to give a weight constant to 0*02 
or 0*03 mg. 

The weighing bulb was then connected with the 
supply of hydrogen chloride, and this gas was 
allowed to act on the dry salt, at 100® to 150®' for 
three hours, during which time the major portion 
of the germanium passed off Several cubic centi- 
metres of water was now introduced into the bulb 
(except in the first determination), and the 
aqueous mass was then carefully heated to 70® 
or 80° in the same gas until practically all of the 
water was removed. The initial partial dr\dng 
took about six hours. The temperature was then 
elevated slowly to about 500° for a short period, 
and finally to the melting point of the residual 
chloride. The bulb was allow’ed to cool, water 
was again introduced, and the process outlined 
above was lepeated. A third introduction of 
water, and repetition of the drying process was 
carried out in the last four determinations. The 
residual chloride was then raised to 600® in the 
presence of hydrogen chloride, and most of the 
latter gas was removed in a current of nitrogen 
at that temperature. The passage of nitrogen was 
continued for some time, and the chloride was 
finally brought to fusion. The temperature was 
then lowered, and the nitrogen swept out of the 
bulb by passing in a slow current of air for 
several hours. This gave the first \veighing of 
the chloride. The entire operation described 
above -was then repeated and carried out to obtain 
a constant weight of the chloride. The long time 
required for the complete expulsion of all of the 
hydrogen chloride made it advisable to prolong 
the first treatment with this gas far in excess of the 
actual time required for the conversion of the 
fluoride to chloride. In Determination No. i the 
operation was made entirely, in the dry way. Five 
reheatings in hydrogen chloride were needed to 
arrive at constant weight within the limit of 0*04 
mg. Hence the other determinations were all 
carried out with the use of the acid gas in the pre- 
sence of water and the length of time of exposure 
to the acid was greatly increased to bring about 
the removal of the added water before high tem- 
perature was applied. It need hardly be men- 
tioned that after the introduction of water into 


the bulb, evaporation was carried to nearly com 
plete diyness at a temperature below 100°. 

One determination was lost because of the in- 
troduction of water into the bulb before the most 
of the germanium had been expelled in dry hydro- 
gen chloride, the trouble being then caused by 
the sudden elimination of germanium along with 
water vapour. A deposit of germanium oxychlor- 
ide was thus produced, which collected upon the 
upper portions of the neck of the fiask and the 
stopper. As this part of the flask could not be 
properly heated and was in contact with air at all 
times, this determination was not carried further. 

In the other six determinations, the dry fluoger- 
manate was treated with dry hydrogen fluoride at 
100® to 150° for some hours before any water was 
used to decompose the residual chloride and 
fluoride mixture. The water was added in just 
about sufficient quantity to dissolve the entire 
residue in the cold. 

Results of the seven determinations are given in 
the table below. 



Weight of 
potassinin 
fluogermarfflte 
in vacuo. 

Weight of 
potassium 
chloride 
in vacuo 

Atomic weight 
of germanium 
K =39.10. 
01=35.46. 

Determination 

G. 

G. 

F=i9.oo. 

I. 

1-94831 

1-09814 

72*37 

II. 

3-09380 

1*74350 

72-41 

III. 

2- 10784 

1-18774 

72*44 

IV. 

2-361 13 

1-33044 

72-44 

V. 

4*38070 

2*46863 

72*42 

VI. 

1*52575 

0*85970 

72-45 

VII. 

4*00100 

2*25483 72*40 

Mean 72-418 


Snmnmry. 

The results and conclusions derived from the 
preceding investigations be summarised as 

follows. 

1. The processes of purification of the ger- 
manium salt used for the determination of the 
atomic weight of this element embodied .a more 
thorough treatment for the elimination of the 
known impurities of germanium than previously 
reported. 

2. The chlorine-hydrochloric-acid distillation 
process, though adequate for the removal of silica 
and tin can hardly be accepted as a means of 
eliminating the last traces of arsenic from ger- 
manium compounds Four redistillations of the 
chloride from hydrochloric acid solution in a 
stream of chlorine failed to remove the last of the 
arsenic, 

3. The treatment of the nearly pure germanic 
oxide with sufficient water to dissolve nearly all 
of it, and the fractional crystallisation of the hy- 
drated oxide from this solution served a two-fold 
purpose, to remove the much more soluble arsenic 
oxide at one end, ^d to remove any remaining 
tracesfcof tin and silica in the less soluble fractions 
at the other. It should be noted that the forma- 
tion of the potassium fiuogermanate was not 
carried out until the absence of the isomorphous 
fluostannate and the silicate was insured by com- 
plete removal of tin and silica from the original 
oxide. 

4. The stability of the final product, potiassium 
fiuogermanate, and die aj^hydrous nonhygiroscopic 
nature of this salt^fogether with its coihplet^ de- 
composition iniitWochloric acid seemed to indi- 
cate that it was the^ most favourable compound of 
germanium for accurate analysis. The O0B^i>lete 
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coaversion of the salt to potassium chloride was 
in ever>" case established by negative tests for both 
germanium and fluorine. 

5. The mean of seven determinations of the 
ratio of potassium fluogermanate to the potassium 
chloride equivalent gave 72 418 for the atomic 
weight of germanium, calculations being based on 
the assumption that chlorine is 35*46, fluorine, 
ig*oo, and potassium, 3g*io. 

In conclusion, the above investigation suggests 
that an examination of other double halides of 
germanium and the alkalies might give desirable 
compounds for accurate analysis by a similar 
volatilisation of the germanium content, and thus 
furnish a check upon the rebults obtained in this 
work. 


UNIVERSITIES, RESEARCH, AND 
BRAIN WASTE.* 

By J. C. FIELDS, Ph.D . F.R.S. 

^Continued from p, 63) 

In America there are no recognised safeguards for 
the professoriate such as exist on the other side of 
the Atlantic. There are no traditional standards 
by which the candidate for a professor^s chair 
must qualify. It is not always a question of 
scientific achievement. Local pull is frequently 
in evidence. Executive and committee uork 
within the university and outside activities with 
an advertising value often receive their reward. 
Where, too, it is the intention of the appointing 
power to make the scientific status of a candidate 1 
the determining factor the scientific advice in- 
voked is often far from competent. Some years 
ago the American Mathematical Society, recog- 
nising the existing state of affairb, named a com- 
mittee to consider whether it might not be i^ossible 
to bring the knowledge and experience of the 
Society to bear in the making of mathematical 
appointments in universities and colleges The 
committee, however, reported that they were un- 
able to devise any means for attaining the de- 
sired end. 

The material which goes to make up the teach- 
ing staff of an American uni\ crsity is most hetero- 
geneous. Not all the young men who enter the 
academic profession are of the idealistic type to 
which I have referred a little earlier. Their aver- 
age, however, would compare favourably, I think, 
with the average in any other walk of life. They 
all look forward to professorships, of course, and 
one or all may ultimately arrive. Promotion in 
an American university is slow. The gradations 
leading up to a professorship are more numerous 
on this side of the Atlantic than in Europe. 
Though the scientific qualifications in America 
are on the whole less exacting than in Europe, 
advancement, for the man of ability at least, is 
not as rapid. The man of high attainments will 
find himself a professor at an earlier age in 
Europe than in America. However it may be in 
other departments of human activity, America is 
not the land of the young man in the field of 
academic work. 

I have taken occasion to speak of the over- 
loading of members of the American universities' 
staffs with^ teaching. This had reference to the 
professors in general as well as to the junior mem- 

^ReprintecLfrom the Tran%act^&rt& of Royal Canadian Institute 
Februaty 1921. 


bers of the staffs. The number of lectures which 
a professor in an American university is called 
on to give is much in excess of that demanded of 
his European compeer. In response to a question 
of mine as to the number of lectures which he was 
expected to give in the coarse ot a year, a pro- 
fessor on the staff ^ of Oxford told me that his 
position required him' to lecture 28 hours in the 
course of the year. As a matter of fact, however, 
he lectured 56 hours. ‘ In France, a professor is 
expected to lecture three hours a week. This is 
usually for the academic year of 30 weeks, though 
some of the professors in Paris are only required 
to lecture 15 weeks. In Germany it is stipulated 
that the professoi lecture at least two hours a 
week throughout the academic year. He, usually 
of his own volition, gives more than the stipulated 
number of hours He is not troubled by the 
limitations of a fixed curriculum, it may be noted. 
He lectures on subjects of his own choosing, and 
rarely on more than two at a time. 

In America it is nothing out of the ordinary’ for 
a professor to give 300 to 500 lectures in the course 
o-f a year. The layman may fancy that this is not 
too much, and he is likely to jump to the con- 
clusion that the European professor has a very 
easy time of it. Let us see, however, how it ivorks 
out. The European professor is in a position to 
concentrate on one subject at a time. It may be 
that the literature on the subject is not organised 
up to date. For the purpose of his course of lec- 
tures it will be necessaiy to organise it. To digest 
and collate the scattered material is likely enough 
to be a task of some magnitude. It will probably 
be as much as he can handle. It may be that it 
will take him several years to do the work. Here 
and there, by the waj’*, he may delay over a point 
which needs to be cleared up or a problem whose 
solution w'ould be useful. However that may be, 

: one result of his labours will, as likely as not, be 
1 a treatise which will be of service to many more 
individuals than he could reach by word of mouth 
in the class-room. These individuals would be 
located in different epuntries and distributed ovef 
the surface of the civilised earth, including among 
them seasoned research workers as well as im- 
mature students. Occasionally, too, the lectures 
of a creative thinker will consist largely in the 
exposition of successive discoveries which he is 
making in the course of the development of a 
subject. 

The lectures of an American university pro- 
fessor will rarely be of the character of the lec- 
tures to which we have just referred. They can 
not have such character if they are to run into 
the hundreds annually. As a matter of fact, 
many of the so-called lectures in universities on 
this continent consist entirely of text-book woVk, 
and are purely tutorial in their character. This 
IS necessarily the case in institutions which are 
half high school and half university. 

The typical American professor who lectures on 
a multiplicity of subjects simultaneously can 
hardly concentrate on any one of them. He cer- 
tainly cannot concentrate on all. He has to be 
perpetually changing interest as he jumps from 
one subject to another. He has to be content with 
placing himself in position from day to day wdth 
regard to the successive parts of the several sub- 
jects, and the position in which he places himself 
IS pretty much the same from one year to another 
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SO that the same lectures are repeated from year 
to year and finally become a matter of routine. 

The lecturer who concentrates on one subject 
at a time, and changes that subject from year to 
year or at longer intervals, covers a much larger 
territory in the end than the man who drives the 
same half-dozen subjects abreast year after year. 
Besides this, he has a much better command over 
his material. The conditions best adapted to the 
needs of a scientist, the conditions under which 
he will attain his maximum as a research worker, 
and prove himself most eificient as a teacher, are 
not always clearly apprehended by American 
university administrations. 

The American university is administered by a 
Board of Regents composed wholly or almost 
wholly of business men. There is a President 
appointed by the Board and appointments to the 
teaching 'staff are made by the Board on the re- 
commendation of the President. In general the 
Faculty has no representation on the Board and 
its sole connection with the Board is through the 
President. There is a good deal of dissatisfac- 
tion with this arrangement, I was told while on 
a visit to the United States last summer, A pro- 
minent member of the academic staff of one of the 
principal American universities gave expression to 
this feeling by stating that the teaching staff 
was slave to the administration. There have been 
some experiments in the way of modifying the 
organisation. Representation of the Faculty on 
the Board of Regents has been tried. There have 
also been committees of the Faculty having access 
to the Board, and committees composed of mem- 
bers of the Board and members of the Faculty. 
With what success these tentatives have met I do 
not know. There does not seem to be complete 
unanimity with regard to the remedy which is 
needed for the existing state of affairs. I may 
say that in European universities there is no ad- 
ministrative body of the nature of the Board of 
Regents of an American University, and there is 
no office which corresponds to that of the Ameri- 
can university President. The principal of a 
British college or university has nothing like the 
powers of the university President. The Faculty 
has far more influence in the conduct of affairs 
than is the case in America. This is in evidence 
in the making of appointments For example, 
where the system of electors is in operation the 
Faculty has a voice in choosing the electors. It 
also has its say in the case of universities where 
the system of electors has not been adopted. 

In our Canadian universities we have the 
American form of administration. Our curricu- 
lum and academic standard, however, have been 
imported from Great Britain. We have adopted 
the idea of the honours courses, and these courses 
at the University of Toronto are probably the 
heaviest^ undergraduate courses on the continent. 
With this foundation one would have said that we 
should have developed along graduate lines more 
rapidly than has been the case. Some of the 
American universities, however, have greatly out- 
distanced us in the development of graduate and 
research work. Let us hope that we shall over- 
take them. Our students who have received their i 
bachelor's degree in one of. the honours courses 
cc^pare more favourably as a rule with those 
who have completed an undergraduate course in 
the corresponding department of an American 
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university. The result of a comparison with the 
best product of the universities on the other side 
of the Atlantic is, however, not so favourable. 
The conception of a university at its best is on 
a somewhat higher plane in Europe than in 
America. The same is true also of the secondary 
school. A young man of exceptional ability being 
trained m Europe is likely to be somewhat in 
advance of where he would find himself at the 
same age if he were being trained in America. 
On entering Oxford or Cambridge, a student 
specialising in mathematics is about two years 
ahead of a student entering the University of 
Toronto in the same department, while he is just 
one- year older. The discrepancy in classics is 
quite as great. This does not hold in case of 
the natural sciences, which receive less attention 
than mathematics and classics in the Public 
Schools of England. From what we have just 
said, however, it would appear that it should be 
possible to so modify the methods of instruction 
in our Canadian secondary schools as to save a 
year to our brighter boys by the time they are 
ready to matriculate. A comparison with results 
obtained on the continent would lead to the same 
conclusion. 

The university attendance in the Province of 
Ontario in proportion to population compares 
favourably with that of any other country except 
Germany, after all due allowance has been made 
for inequality of university standards in different 
countries. Nevertheless, six out of seven pupils 
who pass the High School entrance examination 
never matriculate. About seven out of nine do 
not attempt the matriculation examination. (The 
figures here given are based on the results for the 
maliriculation examinations during the five years 
igio-14, and on the results for the High School 
entrance examinations during the five years 1906- 
iQio). Among these boys and girls there are sure 
to be many who would profit by a university 
course. Much good material must here go to 
waste. Why should we not have in Ontario, or 
better still throughout Canada, a system of 
scholarships which would provide the highest pos- 
sible education for the exceptionally gifted .? 
Australia makes such provision for her gifted boys 
and girls. Why should we do less for ours ? 

(To be continued) 


AN APPEAL 

BY Merchants, Manufacturers, and Shipowners 

OF THE UmTED KINGDOM. 

We have received from the National Association 
of Merchants and Manufacturers the following 
notice, together with a list of over 800 signatures, 
which appears to include most of the chemical 
manufacturers in the Kingdom : — 

“We, the undersigned Merchants and Manufac- 
turers of the United Kingdom, desire to endorse 
the weighty Appeal by leading Bankers issued on 
May 12, and to insist with them on the need of 
dealing promptly with the perilous situation in 
which the country is, placed. 

“The Appeal, Which opens by recalling the 
Petition of the Merchants of the City of London 
addressed to the House of Commons in 1820, 
dwells on the parallel between the state oi the 
country then and nbw. 

“At the present juncture the following problems 
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seem to call most urgently for attention ; — 

An immediate and drastic reduction of ex- 
penditure IS of vital importance 
The freeing of our trade and industry" from 
the trammels imposed by the War is not 
less essential. 

The interference with our commerce, whether 
by Parliament or by the Administration, 
must be stayed at once. 

But it is perhaps even more important that 
the inhabitants of this country should be 
impressed with the absolute need for greater 
industry and greater thrift, so that the 
wealth annihilated by the War may be res- 
tored. Such restoration can only be accom- 
plished by earning mo-re and spending less. 

^‘By these means alone shall we be able to bear 
the burdens from which we suffer, to regain the 
foreign trade essential to our prosperity, and to 
contribute to the well-being, not only of our own 
coimtry, but of all other countries on which we 
are largely dependent. 

“We invite our fellow-countrymen to join with 
us in impressing on the Government, on Parlia- 
ment, and on the nation at large, the paramount 
importance of these great questions.” 


PROCEEDINGS OF SOCIETIES. 

FARADAY SOCIETY. 

June 22, 1921. 

Prof. A. W. Porter, F.R.S., President, 
in the Chair, 

igh T emferaUtre Phenomena of T ungsien 
FilanientsP Part I. By C. J. Smithels (for the 
Research Staff of the General Electric Co). 

Two types of tungsten wire are in general use 
for lamp filaments One is composed of pure 
tungsten, and the other of tungsten containing up 
to I per cent of a refractory oxide such as thoria. 
The crystal growth during burning has been in- 
vestigated for both types. It is shown that the 
deformation of the filament which occurs during 
life is a function of the crystal growth. Crystal 
growth, which is suppressed in thoriated filaments 
occurs when the thoria is reduced. Thoria, and 
other refractory oxides, can be reduced by phos- 
phorus vapour at a high temperature. 

Part II. Deals with the chemical reactions 
which occur in gas-filled tungsten filament lamps 
when traces of the common gases are present in 
the filling gas. The types of failure which are 
produced in each case are described. The paper 
was illustrated by photomicrographs. 

“A Simfle Affaratus for Determining the Co- 
agulations Velocity of Gold SolsP By Emil 
Hatschek. 

The percentage of blue formed in coagulation 
of red gold sol is taken as a measure of the degree 
of coagulation. The percentage is determined by 
comparing the original red sol with a double 
wedge, one half consisting of the original sol, and 
the other of the completely coagulated blue sol 
It is necessary that the latter should be coagulated 
by the same electrolyte as that used in the sol 
under examination, as the blues obtained with 
different electrolytes are noit exactly alike. A 
number of determinations have been compared 


with V. Smoluchowski’s formula for the coagula- 
tion velocity, and show good agreement for com- 
plete and fairly lapid coagulation. 

The President then read a paper on the 
^^Variaiion of Surface 7 'eytsian and Surface 
Energy with Temperature^ 

^^The Influence of Sol‘ve 7 it uion Ionisation and 
the Accompanying Heat Effects^ By S. M. 
Neale. 

A determination by electrical conductivity 
methods of the ionisation of picric and paranitro- 
benzoic acids in mixtures of acetone and water. 
From the values obtained at 25'" and 35® C., the 
heats of ionisation are calculated. In the case of 
picric acid, the heat of ionisation varies largely 
with the nature of the solvent, passing through 
a minimum at about 70 per cent acetone. In the 
case of paranitrobenzoic acid the heat of ionisa- 
tion IS sensibly zero both in water and in 44 per 
cent acetone, although in the latter solvent the 
ionisation constant has fallen to one-twentieth of 
its value in pure water as solvent, 

^^The Potention of the Iodine Electrode and 
the Activity of the Iodide Ion at 25® CP By A. 
McKEOWN. 

The potential of the saturated iodine electrode 
in combination with the normal calomel electrode 
has been measured for various values of the con- 
centration of the iodide ion. The results have 
been compared with those of other investigators, 
making use of the concept of activity coefficient^ 
the activities of the iodide and of the tri-iodide 
ion in the various solutions have been estimated 
and compared with the values of the concentra- 
tion of these ions. It is found that the activities 
of both ions increase less rapidly than their con- 
centrations. From the results the normal poten- 
tial of the iodine electrode is calculated to be 
-f O’ 2454 volts, the normal calomel being taken as 
zero. 


CORRESPONDENCE. 


ETHYLSTANNIC ACID. 

To the Editor of the Chemical News. 

Sir, — In reply to Mr. Redgrove^s letter in your 
issue of July 15, dealing with the nomenclature 
of the compound CaHg.SnO.OH, I wish to point 
out that the name ethylstannic acid is that adopted 
by the Chemical Society, and it does not meet with 
my own approval, as the reactions of the sub- 
stance indicate that it is a compound of bivalent 
tin. 

In a paper contributed a short time back to the 
Chemical News, on the corresponding methyl 
compound, I termed the substance methylstannic 
acid, following the nomenclature' adopted in the 
abstracts of the Chemical Society’s Journal, 1903, 
i., 470, and 1903, i , 802. The Cheinical Society 
now favour the nomenclature criticised by Mr. 
Redgrove, viz., ethylstannic acid for the com- 
pound CfiHs.SnO.OH; see also Journal Chemical 
Society j Abstracts, 1910, i., 724. This is to be re- 
gretted, since the bivalent nature of the tin in this 
class of substances is thereby obscured. — I 
am, &c., 

Gerald Druce. 
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Institute of Chemistry. — Pass List. — The fol- 
lowing candidates have been successful in the 
July, 1921, Examinations, and have been duly 
sleeted Associates of the Institute : — Examination 
in General Chemistry : Campbell, Alan Newton, 
B.Sc. (Lond.); Doolan, James Joseph; Evans, 
Benjamin Beardmore, B.Sc. (Birm.) ; Hand, 
George Percy Terry; Jenkin, John Watson; 
Pugh, William; Ridge, Bert Pusey; Woolf, 
Sidney Samuel, B.Sc. (Lend.). Examination in 
Metallurgical Chemistry : Storer, George Pater- 
son. Examination in Organic Chemistry : Ken- 
yon, Frank; Sheldon, Francis Joseph, A R.C.S., 
B.Sc. (Lond.). Examination in the Chemisti^ of 
Foods and Drugs, «&c. : Martin, Charles William; 
Mooney, Paul Michael, B.Sc. (Lond.); Wood- 
ward, Miss Elsie. Examination in Chemical 
Technology (Soap, &c.) : Smith, David Dow; 
(Coke Oven Practice, &c.) ; Whitaker, John Wil- 
frid, B.Sc. (Lond.). 

Wages and Employivient. — The serious nature 
of the depression and the effect of the coal 
stoppage which lasted throughout April, May, 
and June, may be measured by the extent to which 
emplo'yees have'been thrown out of work or placed 
on short time. The following figures, which cover 
all classes of workpeople, but do not include coal 
miners, show the number of persons on the Live 
Registers of the Employment Exchanges on the 


dates given : — 

756,823 

December 31 

January 28 

Uo 6 s ,320 

February 25 

1,2183218 

March 25 

i, 4 I 3 j 75 i 

April 29 

1,854,059 

May 27 

2,122,496 

J une 24 

2,178,000 

The increase in the March figure 

over that 


February is chiefly due to the re-registration of 
applicants who became entitled to a further period 
oi benefit under the Unemployment Insurance Act 
which came into operation on March 3. The 
number of unemployed persons insured under the 
Unemployment Insurance Acts, 1920 and 1921, 
and the number of short-time workers in receipt 
nf benefit on certain dates, together with the corre- 
sponding figures for December 31, are given 
below " — 


Date, 


Totally On Short 

Unemployed. Time 


December 31, 1920 ... 433 j 57 i 435 iiS 2 

March 25, 1921 1,194,000 744,000 

Jtme 24, 1921 1,971,192 758,429 

The Trade Union figure of unemployment, which 
IS based on reports to the Ministry of Labour by 
Trade Unions with an aggregate membership of 
millions, shows the following fluctuations : — 

Per cent. Per cent. 


January ... ... 6*9 April 17*^ 

February 8*5 May 22*2 

March io*o June ., . . 23*1 

The corresponding figure for July, 1914, was 2*8 
per cent, and the average for 1920 2*4 per cent— 
Board of Trade Journal. 

Tenders Invited for Disinfectant, — The 
Municipal Council of Jc^an»€sburg invites ten- 
iers to be presented with samples not later than 
Qoon on September j aext,Jor a six months' or. 


mfectant. The approximate annual requirements 
of the Council are given as 5,000 Imp. gallons in 
drums containing 5 Imp. gallons. A copy of the 
specification, tender form, general and special 
conditions of tender, is available for inspection by 
United Kingdom manufacturers and suppliers on 
application at the Enquiry’^ Room of the Depart- 
ment of Overseas Trade, 35, Old Queen Street, 
Westminster, S.W.i. — Department of Overseas 
Trade 


NEW COMPANIES. 


The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C 2. 


Nagels & Co. (London), Limited.— (175639) — Registered July 
gth, 1921. 76a, Chancery Lane, W.C.2. To carry on the business 
of General Merchai.ts, Chemists, Druggists, Drysalters, etc. 
Nomina! Capital; jEIjOOo in 1,000 Shares of £s each Directors; 
V. G. Van Waasdyk, Malden Hall, Watford (Chairman and Mana- 
ging Director), G. C. Gagan, 109, Inville Road, S.E.17. Qualification 
of Directors: £1. Remuneration of Directors: To be voted by 
Directors. 


Egerton Chemical CompaKy, Limited.— (175613) — Registered 
July 8th, 1921 19, Brazennose Street, Manchester, To carry on 

the business of Manufacturing Chemists. Nominal Capital: £1,000 
in 1,000 Shares of £i each. Directors: J. F. Key, 32, Oak Road, 
Higher Cnimpsall, Manchester: A Feme, 122, Lansdowne Road, 
West Didsbury, Manchester. Qualification of Directors : i Share. 
Remuneration of Directors: To be voted by Company. 

Manchester and District Radium Institute.— (175725) — 
Registered July 14th, N^son House, Nelson Street, Man^ 

Chester. To acquire Kadio-aclive Materials whether containing 
Radium or Mesothonum or other Radio-active Substances of any 
description. Every Member td- contribute a sum not exceeding £i 
if necessary. Directors; Sir E. Holt, Woodtborpe, Prestwich ; Sir 
W. Cobbett, Woodlands, Wilnisk>w; F. P. Nathan, Crumble Lodge, 
Swinton Park, Pendleton; G. M. Midwood, The Grange, North 
Road, Congleton ; L. Pilkington, Fir wood. Alderley Edge, Sir W. 
Milligan, Westboume, Rusholme, Manchester; S H. Renshaw, 
Beech Grove, Chesbam Bury ; W, Armitage, Bartbomley, C^th^ne 
Road, Bowdon. 


T. H. Smith (Wisbech), Limited.— (175644)— Registered July 
9th, 1921. I, Market Chambers, Market Street, Wisbech. To carry 
on the business of Agrihorticultural Chemists, Manufacturers and 
Dealers in Pulp, Jam and Presearves. H<nninal Capital: £500 in 500 
Shares of £i each. Directors; T. H. Smith, 29, West Street, 
Wisbech ; R. Scrafton, i, Hig^ ^treet^ Wisbech. Qualification of 
Directors; £1. Remm^ration of Directors; To be voted by 
Company. 

Catalytic Chemical Company, LtMiTED. — (175760) — Registered 
July i6th, 1921. To carry on^ the business of Manufacturing 
Chemists and Druggists. J*^ininal Capital: £10,625 m 10,000 
Preference Shares of £1 each and 25,000 Ordinary Shares of 6d. 
each. Minimum Subscriptions; 7 Ordinary Shares. Directors; 
W. H. Collbran, Elmley, Park Side, Wimbledon Common ; J, Day, 
Derwent House, Wimbledon tek Road, S.W.19. ; W. R. Walkey, 
52, Upper Richmond Road, East Sheen. Qualification of Directors ; 
loo Shares, Remuneration of iEfeectors: £100. Chairman; £200. 

Leighton LASQHATe#||WB/ Likiteo,— (175834)— Registered 
July 20th, 192 r» To eat^'on the hasiness of Manufacturers of 
Chemicals df all kinds. Notainal Capital: £5,000 in 4,900 
Cumulative and Participating J^^reference Shares of £1 each 2^ 
2,000 Ordinary shares of i/- bach. Directors; C, E. Bergm 
(Managing Director). Qualification of Directors: £joo. Remunera- 
tion of Directors: To be voted by Company. 


Barker Brothers (Simpson Clough), Limited. — (175757)— 
Registeredjuiy i^th, igai. S^pson Clough Mill, Hey wood, Lan^ 
ca^ire. To acquire and carry on the business of a Bleacher* 
Dyer and Finisher. Nominal^ C^tal : £70,000 in 70,000 Shares of 
£1 each. Directors: P. V, Barker, Simpson Clough, Hi^wood; 
F.; ^rker, Simpsem Clongh, Reywe^ ; E. Barker, 140, Wilham 
S&eet, Heywoc^ ; H*. Bmrkevj S-iningfield, Hc^wocid, lieywpod;^. 
Qualifioation of Directews : 50 Stoes., Remuneration of Directors 4 
To be voted by Companyjr ^ t 


W. A. WiifSON Si SoNSi Limited.' 

July aisf, To acquire and carry on the business of .cSetaical: 
and Colour Merchant, £4,0001® 4,0b* of 

£i eac^. Directors: C. ColjthTS, sfirLetysfieldRoad, 

W; Breoci|rf»^^|i5arage Road, 

Essex; P. ^ #^0*^ Wrage R9ad^m.^ 

Essex; A C. Stevens, School Green, Fre^Vrat T; -Isle-of-Wi^t. 
QeaUficatioa of Diueelorst^ o| I 
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NOTICES. 


This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C,2 , from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

Latest Patent Applications, 

19053— Aitchison, L. — Purification of chromium ores and residues 
containing chromium oxides. July 14. 

18949— Allsebrook, W. A.— Manufacture of lead chromate pigments. 
July 13. 

19217— Cooper, C.— Manufacture of sulphate of ammonia. July 16. 
18806— Klencke, H.— Process for production of sulphuric acid. 
July 12. 

j922o— Marr, J. — Manufacture of benzanthrone derivatives July 12 
Specifications published this Week. 

128939 — Nitrogen Corporation. — Process of synthesizing ammonia. 
166036 — Heisch, G. P. — Ammonium sulphate saturaters. 

Abstract Published this Week. 

Glycerine.— Patent No 164034 — An improved process of producing 
glycenne has been patented by Mr. A. T. Hocking, Carhampton 
House, Four Oaks, Sutton Coldfield, and Lilly C. H,, 29, Carole 
Road, Edgbaston, Birmingham, both m Warwickshire. The 
glycerine is produced by fermenting sugar solutions contaimng a 
mixture of about equal weights of alkah bisulphite and sulphite. 
The mixed sulphites may be added in successive small quantities to 
a proportion corresponding to the percentage of glycerine desired, 
the proportion of acetaldMyde and alcohoi being greater the less 
proportion of sulphide; and the liquid may be maintained approxi- 
mately neutral by successive additions of alkali bisulphite solution 
or by increasing the proportion of bisulphite in the additions of the 
mixed sulphites. In an example in which the maximum glycerine 
yield was required, 31 z gallons of a solution of crude cane sugar, 
equivalent to 788 lb glucose were fermented by 40 lb. of yeast at a 
temperature of 35-37° C for 9 days, and during the first five days 176 
gallons of ntiixed sodium sulphite and bi-sulphite solution equivalent 
to 5a5 lb. Naa SO3 were added in doses, first of 40 lb. and then of 
30 lb, mixed salts m 16 gallons of water. In this way, 336 lb. 
glyeerine, 172.2 lb. of acetaldehyde, and 37.4 lb. alcohol were 
produced. 

Messrs, Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 

BOOKS BOUGHT 

Chemical and other Scientific, Natural 
History^ Agricultural, Gardening &c. 

WHELDON & WESLEY, Ltd., 

38, Great Queen Street, London, W.C. 2. 

Telephone— GerrzTd 1412. (i) 


CHUMIC&LliY PURE 

CAPPER PASS & SON, Ltd. 

BEDHINSTEB SMELTING WORKS 

BRISTOL. 


EDITORIAL. — All Literary communications and Books, Chemica 
Apparatus, 4 c., for review or notice to be addressed to th< 
Editor. ‘ 

SllB£CRIPTIONS, £1 l*2s. per annum, payable in advance, should 
be addressed to the Manager 

BACK HUHBERS and VOLUMES can be purchased on applicatior 
to he Manager 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 

ADVERTISEMENTS. 

All communications for this Department should be ad- 
dressed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, London, E C.4. 

UNIVERSITY OF BIRMINGHAM. 

FACULTIES. 

SCIENCE MEDICINE 

ARTS COMMERCE 

SPECIAL SCHOOLS OF LANGUAGES. 
DEPARTMENT FOR TRAINING OF TEACHERS 

SCHOOLS OF 

ENGINEERING MINING 

METALLURGY BREWING 

DENTISTRY SOCIAL STUDY. 

Leading to Degrees and Diplomas. 

THE SESSION 1921-22 COMMENCES OCTOBER 3 rd, 1921 . 
ALL COURSES AND DEGREES ARE OPEN TO 
BOTH MEN AND WOMEN STUDENTS. 

In the Medical School Courses of Instruction are arranged to 
meet the requirements of other Universities and Licencing Bodies. 

Graduates, or persons who have passed Degree Examinations 
of other Universities, may, after one year's study or research, take 

a Master’s Degree. 

SEPARATE SYLLABUSES with full information as tc 
Lecture and Laboratory Courses, Fees, Regulations for Degrees, 
Diplomas, etc., Exhibitions and Scholarships, are published as 
follows 

1 . Faculty of Science. 

2 . Faculty of Arts. 

3 . Faculty of Medicine. 

4 . Faculty of Commerce. 

5 . Department of Social Study. 

6. Department of Biqlogy and Chemistry of Fermentation. 

7 . Exhibitions, Scholarships, etc. 

and will be sent on application to the undersigned. 

GEO. H. MORLEY, 

Secretary. 

■pEQUIRED small amount of working 

capital to open up a Lead raining property in north oi 


England. Ore already located and property favourablj 
reported on by A.I.M.M, Particulars on application. Write Bo) 
227 , Wildings, 125 , Strand , London, W.C. 2 . 

PHARMACIST — Chemist. Twenty years 

A experience, Analytical, Manufacturing, Research, seek' 
responsible appointment Box 841 , c/o T, G. Scott & Son 
63 , Ludgate H ill, London, E.C. 4 . 

PATENTS, TRADE MARKS. Handbooli 

■U and advice free— B. T. King, British and U. S. Regd. Paten' 
Attorney, I 46 a, Queen Victoria St., London 36 years reference 


Pioneer Movement for Establishing a British Bureau of Standards 

BRITISH CH[£:iVIICil.lL< SGrARBARBS 

SlfEBLS {Flaln Carbon and Alloy) AND CAST ISON. 

Analytically standardised by, and issued under theauspices of Co-operating Chemists representing different districts and sections of industry. 

I Works CHEMISTS . .. Working to ipcc.ficaUo«. 

Motor or Arho Makers Chemists... ... f SpecifictUtons. j Rererer Analysts .. Illdspsildsilt. 

With e'very portion of standard turnings a Certificate is issued, showing the type of method used by each^analyst, bis results, and the average of all 
New Carbon Steels: "M”, C, 0 * 23 % & Si 0 * 06 %; & C. 0 . 33 % (complete analysis) just issued 

A tready acknowledged and used by over 300 Work^ and Independent Analysts at home and abroad. 


Can be obtained of leading Chemical Dealens, or at Headquarters, 3, Wilson Street, Middlesbrough. 
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isation experiments with crystals, while the com- 
fort of using a concentrated beam of electric light 
on the abject with no fear of injuring it is worth a 
slight diminution in the brilliancy of the colours. 


NOTE FROM THE EDITOR. 

Now that the dislocation of work is over, and ihe 
readjustment of effort brought about by the death 
of Sir William Crookes has in great measure be- 
come permanent, the writer, whose connection 
with Sir William is tolerably well known, has de- 
cided to collect together and complete some notes 
and enquiries that were under ^ consideration 
during the last few years of work in the Labora- 
tory at Kensington Park Gardens. The following 
is the first of such notes, and others will follow 
in due course. 

Absorption of Heat by Solutions. For the 
Microscopic Projection Apparatus. (From 
the Private Notes of the late Sir William 
Crookes). 

Some little time ago I had occasion to project 
on a screen images of sections of crystals and 
microscopic - objects mounted in Canada balsam. 
The objects had to be highly magnified so as to be 
seen on a 20ft- screen, and it was necessary 
to concentrate a strong beam of electric light on 
the object. Several slides were destroyed by the 
Canada balsam boiling and charring, and experi- 
ments were then instituted to see if solutions could 
be found that would transmit sufficient light with- 
out risking injury to the object by too great heat. 
The projection apparatus was fitted ^as for an 
experiment, and instead of an object, the 
blackened bulb of a thermometer w^as introduced 
With no liquid intervening, the thermometer 
would have been destroyed at once, for the heat 
was sufficient to ignite cloth, brown paper, and 
wood. A glass cell, 50 mm. from back to front, 
was accordingly interposed, and various liquids 
were filled into it. The arc was kept as constant 
as possible, and the beam tempered by the liquid 
was allowed to play on the bulb of the thermo- 
meter for ten minutes. The maximum tempera- 
ture was reached in two or three minutes. 


The following Table gives the strength of the 
different solutions employed, and the maximum 
height attained by the thermometer. 


Solutions employed 

Distilled water ... 

Temperatures 

recorded. 

... 107° c. 

Ammonia alum, saturated solution 

.... 

170® C. 

Ammonio-ferrous sulphate, 30Z. to 
litre ; 

the 

143 *" C. 

Ferrous sulphate, 30Z. to the, litre 
Copper sulphate : — ^ 

ioz. to the litre # 

... 

138" c. 


iiS** C. 

ioz. to the litre ... 

... 

104“ c. 

ioz. to the litre 


03 " C. 

IOZ. to the litre ' 


87'’ c. 

20z. to the litre 


80^ C. 

From this Table it is seen that water and solu- 


tions of alum are very poor obstructors of heat, 
sufficient getting through to injure a microscopic 
slide in the focus of the beam. Copper sulphate 
solution is a good interceptof for radiant heat, and 
it can be used safely as weaj: as ioz. to the litre, 
at which strength the colour Ts almost impercep- 
tible on the screen with oidmary objects, and it 
does not much interfere 'vfkbtefe colours in polar- 


NICKEL ISOTOPES. 

By F, H. LORING. 


In view of Aston’s recent announcement in 
Nature (June 23, 1921) that nickel has isotopes of 
masses 58 and 60, I hereby amend a portion of the 
Table given in the CHEMICAL NEWS (August 27, 
1920), to read as follows : — 

Isotopes & * Calc.’ & Exp 

Elem’t. n X He a b c d Prop. No. Mass. 


N 


14x4+ 4 

14x4+ 2 


60 

58 


43 X 60 
2»X 58 


= 58*67 58*68 


It will be seen on referring to the original Table 
that one of the a-b-c-d values w*as irregular with 
respect to a preceding one, but by this change it 
becomes quite regular. The dots over the 4 indi- 
cate that this figure as a wffiole is not to be cubed, 
but that it has to be taken as made up of four 
units, thus: as in some other 

cases — see original Table. The retention of the in- 
dices is for mathematical uniformity. 

After introducing this amendment and compar- 
ing all my values of the Table with all those now 
published by Aston, it will be seen that there are 
21 whole-number values in exact agreement with 
experiment and two departures from experiment 
by one unit only in each case; namely, Li 6 and 
Bio. Introducing the extreme^ values for mag- 
nesium by Dempster (see Science, December 10, 
1920), which are 24 and 26, raises the agreement 
figure to 23. 

Referring to the above departures, it will be 
noted that they are ei^en numbers, whereas the 
valencies are odd. The valency rule thus seems 
to break down, but it is a curious fact that except 
for these two exceptions practically all the other 
isotopes of the Table are in accordance with the 
rule. Cobalt appears to have valencies of 2 and 
3. Its calculated isotopes are 57 and 59 — see 
Table. Nitrogen, though not isotopic, is a 
notorious exception to the rule, but this element is 
exceptional in other respects. 

I have tried to account for the nitrogen irregu- 
larity by regarding N as truly hi- and quadri- 
valent, and by assuming that ammonia, for 
example, was a mixture of isotopic molecules 
NH^ and in <equal proportions, the mean 

being apparently NHaj but, needless to say, this 
scheme did? not seem justified from the study of 
various experimental data. There are- no doubt 
surprises in store in connection with these matters 
which may turn be as startling as the 

breaking up of the nitrogen atom by RutherfofS. 

^ ' -■ 

UNIVALENT OXYGEN. PREPARATION 
AND OXIDATfON OF MESITOL. ii 

By C. W. pouter and F, H, THURBER. ■ ‘ 


When, Gomberg triophenyl -methyl and 

produced evidenoe^rf other radicals, are 'citable 
of independfpli^^^ytee (Gomberg, 1902, 

XXXV,, revi^ tb® . expressed by 

DtMias, 'Kolbe and jFrankland, and gave a peF 
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impetus to research in organic chemistry. At the 
present time several compounds of trivalent car- 
bon are known ; but with the exception o-f Kohler’s 
triphenyl-indyl (Kohler, Am. Chem, J.j igoS, 
xL, 217) they all belong to the triarylmethyl class. 
The search for new types of radicals, and 
especially those representing unsaturated condi- 
tions in elements other than carbon, has not been 
very successful, except in the discovery of com- 
pounds of divalent nitrogen derived from hydra- 
zine and carbazole. Wieland found that tetra- 
anisyl hydrazine in benzene has an abnormally 
low molecular weight; develops a colour which 
deviates from Beer’s dilution law; and forms an 
addition product with nitric oxide. One or two 
other substituted hydrazines displayed similar 
properties (Wieland, Ber.^ 1912, xlv., 2601). 
Branch and Smith obtained a derivative of car- 
^bazole which dissociates into radicals of divalent 
nitrogen (Branch and Smith, Joitr. Am. Chem. 
Soc^. 1920, xlii., 2405). 

Porter and Borgstrom prepared tetraphenyl- 
diarsine (Porter and Borgstrom, idid.^ 1919, xlL, 
2048) and corresponding derivatives of phosphorus 
and although these products absorbed oxygen 
from the air and exhibited oth-er evidences of un- 
saturation, their properties could be accounted 
for without assuming any measurable dissociation. 

A lead compound bis (lead triphenyl), 
(CftHjs)5Pb-Pb(CeHa)a, acquires a colour when 
heated, but gives no other evidence of change in 
structure, and the corresponding derivative of 
silicon does not dissociate at all (Schlenk, Ber.^ 
1909, xliv., 1179). 

An attempt to isolate an oxygen radical was 
made by Pummerer (Pummerer, ibid.j 1914, xlvii., 
1472; Pummerer and Cherbuliez, ibid.^ 19141 
xlvii., 2957), who oxidised several naphthol deri- 
vatives with potassium ferricyanide and other re- 
agents, thus obtaining tautomeric products corre- 
sponding in composition to the original naphthols 
(or to the peroxides derived from them). Some 
of these bodies gave coloured solutions deviating 
from Beer’s law; and the molecular weights were 
lower than the calculated values for peroxides. 
The many possible intramolecular rearrange- 
ments, however, made uncertain any deductions 
with respect to the structures of the^e oxidation 
products. 

Hunter and Woollett have expressed the opinion 
(Hunter and Woollett, four. Am. Chem. Soc.^ 
1921, xliii., 142) that the complex amorphous 
oxides which they obtained from trihalogenated 
phenol salts are condensation products of residues 
containipg^ univalent oxygen ; and that in the pro- 
cess of building up these massive structures some 
of the oxygen valences remain free. 

In our work, which has been in progress during 
the past two years, the aim has been to eliminate 
some of the possibilities for intramolecular re- 
arrangements, and particularly the shift of a 
group from phenol oxygen to an ortho- or 'fara- 
carbon ; to accomplish this we worked with a 
simple phenol, mesitol, (2,4,6-trimethylphenol), in 
which the positions orlko and 'para to the hydroxyl 
are occupied by methyl groups. 

The compound was oxidised by silver oxide and 
from a mixture of oxidation products we obtained 
a red crystalline compound melting at 224^ to 
226°. It has the composition of the peroxide we 
hoped to obtain; its reactions, however, indicate 


that it is a quinhydrone. The following formulas 
represent possible structures of the primar>^ oxida- 
tion product. 


CH 
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O O 
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CH 
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/ V 
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CH3 

(IV.) 
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CHs CH3 
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Formulas L, II , and III. are excluded, for the 
molecular weight of the product is above 225, 
whereas these formulas represent compounds 
having the molecular weight 135. Moreover, the 
quantity of any reducing agent required to dis- 
charge the red colour of a solution of the com- 
pound is only half the amount theoretically neces- 
sary to reduce I. or II., and only one-fourth the 
amount required for Formula III. Formulas 
IV. and V. are also unsatisfactory, for, although 
they are in fair agreement with the determined 
molecular weight, their complete reduction would 
require the same quantity of reducing agent per 
grm. of substance as required by Formula I. or 
II. We believe the red crystals represent a quin- 
hydrone composed of equimolecular quantities of 
un oxidised mesitol, and an oxidation product 
corresponding to Formula I. or II. The nature 
of the union between the two nuclei is unknown, 
but may be similar to that existing between 
quinone and hydroquinone in the ordinary quin- 
hydrone formed when hydroquinone is oxidised. 
Until further evidence is secured, its structure 
may be represented as : — 

O— OH 

II II ■■ 

\/ 

CH3 


CH3 


o OH 


\/ 

/\ 

CHo 


CH., 


Regardless of the nature of the tie between the 
two nuclei, it is evident that the compound con- 
taines an odd or unpaired electron — the outstand- 
ing characteristic of a free radical (Lewis, Jour 
Am. Chem, Soc.^ 1916, xxxviii., 770) — for it is re- 
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duced by the addition of only one hydrogen atom 
per mol of the compound. It represents therefore 
an addition to the very limited number of known 
types of odd molecules. Several years ago, G. N. 
Lewis suggested that such compounds should be 
capable of independent existence. To quote his 
words : ‘Tf proper protection against intra- 
molecular rearrangement be provided, we may 
predict that di-aryl substituted hydrogen peroxide 
will be prepared, ^ which in turn will dissociate 
into mono-aryl oxide, ArO, the odd molecule, or 
free radical, of univalent oxygen” (Lewis, Proc. 
Nat. Acad. Sci.j igi6, ii., 586). 

Our oxidation product crystallizes in fine red 
needles and in benzene forms a deep red coloured 
solution containing less than 0*1 per cent of the 
solute. It is even less soluble in alcohol, and 
insoluble in water. It is rapidly reduced to 
colourless products by an alcoholic solution of 
potassium or sodium hydroxide, but is fairly stable 
in a very dilute acid solution of alcohol. 
Stannos chloride, titanous chloride, and ferrous 
sulphate rapidly discharge the colour of an 
alcohol solution of the compound, the original 
colour being restored by treatment with silver 
oxide. The quantity of any reducing agent re- 
quired to discharge the colour corresponds to the 
calculated value for the quinhy drone formula or 
half the quantity required for Formulas I., IL, 
IV., or V. The crystals dissolve in concentrated 
sulphuric acid, giving a very deep red solution, 
the colour of which is discharged by diluting with 
water. Nitric acid converts it at once into colour- 
less products. These colourless products we have 
not yet identified. 

The red compound is totally unlike the oxida- 
tion products of mesitol obtained by Bamberger 
(Bamberger, Ber.^ 1903, xxxvi., 2030) and Thiele 
(Thiele and Eichwede, Ami.j igoo, cccxi., 366). 
Bamberger used Caro’s acid, and Thiele employed 
amyl nitrite as the oxidising agent. The formu- 
las assigned to their products are : — 


OH 


OH 

CH3 

and 


\/ 


\/ 


CHaOH CHO 


Both are colourless and water-soluble. 

The calculated molecular weight for the quin- 
lydrone is 271. The values we obtained were be- 
tween 225 and 250. On account of its slight solu- 
aility rve could not get a freezing-point depression 
squal to 0*01^, and we do not consider the mole- 
:ular weight determinations sufficiently accurate 
[o justify the conclusion that the low values are 
iue to dissociation. On the other hand, the 
neasurements are good enough to indicate that 
indissociated molecules contain two mesitol 
'esidues. 

Experimental. 

preparation of Mesitol . — Mesidene (2,4,6-tri- 
nethylaniline) was made from 152,4,-xylidine and 
nethyl iodide by an application of the Hoffman 
earrangement. The success of the method de- 
fends upon the purity of the reagents, control of 
he temperature, and the l^me of heating. Pure 
,2,4-xylideiie was obtained from the mixed 
somers (commercial product) by precipitation of 
he acetate with glacial acetic acid. The crystals | 
7€re pressed, washed with acetic acid, and dried. 


The free xylidine was liberated from the crystals 
by means of sodium hydroxide solution, separated 
from the water layer and distilled. 

Equimolecular quantities of i,2,4-xylidine and 
pure methyl iodide were poured into Pyrex bomb 
tubes packed in ice. After standing for two or 
three hours, the tubes, now containing the yis- 
cuous amber-coloured quaternary ammonium 
compound, were sealed, heated during the course 
of an hour to 260®, and held at that temperature 
for three hours. (The optimum temperature for 
the rearrangement seems to be 260®, At tempera- 
tures much lower the change does not occur, and 
at higher temperatures there is considerable 
charring. We used an electric autoclave with a 
thermoregulator, and maintained a temperature 
that did not vary more than 3® or 4®.) The red, 
waxy, or semi-crystalline product was transferred 
to a flask and neutralised with sodium hydroxide 
solution. The oily layer, mesidine, was separated 
and distilled under reduced pressure. 

Mesitol . — The mesidine was diazotised in the 
presence of an excess of dilute hydrochloric acid 
solution and warmed. Mesitol separated as a red 
oil. It was removed from the water layer, dried 
with sodium sulphate, and distilled under 10 cm. 
pressure. On standing the distillate crystallised. 
Recrystallisation from 20 per cent alcohol gave 
pure white feathery crystals melting at 6 q®. 

Oxidation of Mesitol . — Flasks containing 23 g. 
of moist silver oxide, 5 g. of mesitol, and 500 cc. 
of benzene, were sealed and shaken in a thermo- 
stat at 50® for four hours. 

Each solution acquired a deep red colour, and 
a fine red crystalline compound precipitated. 
On evaporation the filtered solution yielded^ a 
small quantity of the red compound, but the major 
portion was obtained by elutriation from the resi- 
dual mixture of silver oxide and the red com- 
pound remaining in the flask. The crystals are 
much lighter than the other components of the 
residue, and can be washed out with benzene. 
The substance is insoluble in water, and only 
slightly soluble in alcohol, chloroform, and ether. 
It melts at 224 — 226®. 


Analyses. 


Subs. 


COa 

H. 

c. 

G. 

G, 

Per cent. 

Per cent. 

0* 1050 

0*0756 

0*3113 

8*00 

80*80 

0*1200 

' 0*0853 > 

0*3520 

7*90 

8o*oo 

0*1425 

0* 1045 

0*4206 

8- IS 

80*50 

Calculated 

for quinhydrone : 

8-48, 8o-8i. 


Molecular Weight. 

Cryoscopic method. Solvent, Benzene, K=5o. 

f ■ ■ - — ■ - - ■ ■ ■ J ■ 

Subs. Solvent, Temp. 

G. G. “ C. Mc^. Wt. 


0*0322 loq 0*007 230 

0*0270 100 o*oo6 235 

O’OQOO 23Q * O'OOS 24s 

Calculated for quinhydrone : 271 


Reduction with Hydrastine (Hunter and Woollett, 
Jowrn. Am. Cham. Soc.^ 1921, xliii., 138).' 

Wt. Na liberated 

Subs. Vol, Na. Temp. Barom. by G. 

G. Cc/^ r ®C* Mm. sobsteime. 


o* 1 105 
O' J 240 
0*1000 ' 


15 

20 


2‘2 

CalcTilated for quinhyitooiie : 7'oo 


760 

758 

700 


7'68 

6-95 
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ReditciioiL iknth SnCl^ 

SnCJ^ in dilute HCl standardised by titration 
with KMnOi solution containing 0*5000 g. of 
KMnOi per litre. 

10*00 cc. of SnCl2 ==C= 15*60 cc. of KMnO^. 
Subs., 0*03, in 80 per cent alcohol reduced by 4*6 
cc. of SnCla solution. Equivalents of reducing 
agent required for 271 g. of substance = 1*02. 
Calculated for quinhydrone : roo. 

ReducUo 7 i with FeSO^, 

FeSO^ in dilute HaS04 standardised by titration 
with KMn04 (0*5000 g. per litre). g-yo cc. of 
FeS04 =0^ 17*05 cc, of KMn04. Subs., 0*052 in 
80 pel cent alcohol reduced by 7*10 cc. of FeS04. 
Equivalents of reducing agent required for 271 g. 
of substance =1*03. Calculated for quinhydrone: 
1*00. 

Summary, 

Mesitol in benzene solution at 50*" is oxidised to 
a red crystalline compound which is un saturated 
and is readily reduced to colourless products. 

Its molecular weight indicates that it contains 
two mesitol nude. 

Its reduction is accomplished by half the quan- 
tity of reducing agent that would be required if 
all the oxygen were quinone or peroxide o-xygen 

It is reduced to a saturated product by addition 
of an uneven number of hydrogen atoms or other 
electro-chemical equivalents, indicating that it has 
an impaired or odd electron. 

The properties of the compound are accounted 
for on the basis of a formula containing an 
oxidised mesitol residue possessing either uni- 
valent oxygen or trivalent carbon more or less 
firmly held by an unoxidised molecule of the 
igihenol.-^f ournal of the Americatt Chemical 
Society^ May, 1921. 


FUEL PROBLEMS OF THE FUTURE.* 

By Sir GEORGE T. BEILBY, F.R.S. 

Civilisation on its physical side is based on fuel. 
Of all the powers of Nature which have been 
turned to his use and convenience by man, “Fire^^ 
stands out with a distinction which is unique. 
The kindling of the first fire of dried leaves and 
branches by our prehistoric ancestors marked the 
beginning of the transfer of this mighty power 
from, the gods to man ; and new possibilities of 
prodigious import were opened up. With fire at 
his command, a new dividing line was established 
between man and the lower animals, and a higher 
and more social standard of living became pos- 
sible. The horrors and dangers of the darkness 
of night were greatly mitigated, social instincts 
were aroused through the nightly gathering round 
this new source of light and warmth, while 
imagination and thought were stimulated. The 
charred stick supplied the budding artist with his 
first pencil; while the glowdng embers were the 
laboratory furnace in which the coming chemists 
and metallurgists made their first observations on 
the effects of heat on rocks and stones. 

Fire — first automatically and then deliberately 
— became the test to which all materials were sub- 
mitted. The arts of the craftsman were based on 
these observations; the smelting of metals, the 
covery opening the way to n ew adventures. It is 

*I>enir«re 4 in the theatre of the Institution of Civil Engineers, 
Londoii. ^ Inserted by favour of the Gas Journal, June 29, 1921. 


bending of wood, the singeing of skins, the melt- 
ing of gums, and the boiling of water, started^ a 
whole train of new possibilities — each step in dis- 
no exaggeration to say that the practice of obser- 
vation and experiment on w^hich the physical 
science of to-day is founded had their origin in 
the first fire kindled by man. 

In the management of the wood fire the first 
lessons in the properties of fuel were learned. 
The flaming stage, followed by the steady and 
more concentrated heat of the glowing embers, 
naturally led to the collection of more massive 
embers by the control of the earlier stages of com- 
bustion — thus leading up to charcoal burning, by 
which the worker in metals was supplied with an 
ideal fuel for his operations. Thus the carbonisa- 
tion of raw fuel as a means of raising the availa- 
bility of the potential therms it contains, had its 
origin in the remote past. 

It is far from our present purpose to follow 
through the ages the romantic history of the 
association of fuel with civilisation. Enough has 
been said to justify my opening remark that 
civilisation on its phsical side is based on fuel. 
This interrelation has developed new features 
during and since the war; and the future produc- 
tion and use of fuel in this country has become 
closely associated with social ideals which involve 
the raising of the standard of living among the 
mining class. This, indeed, is the most pressing 
of the fuel problems of the near future. Can coal 
again be produced at a price which will enable 
this country to take its place m the markets of the 
world, while the present standards of wages and 
working hours are maintained ? Careful and im- 
partial students of the economic facts of the situa- 
tion tell us that this is not possible. Merely to 
regain an entrance into the iron and steel markets 
of the world, we are assured that the coal used 
in this industry must not cost more than i8s. to 
20s. per ton. For the great transport services of 
the country, a slightly higher cost for coal might 
be faced if all the available measures of economy 
in its use as fuel are adopted. It is obvious that, 
without a greatly increased output per man, the 
earnings of the miner cannot be maintained at 
their present figure. 

This end can only be attained by genuine co- 
operation between the coalowners and the miners; 
any half-heartedness on either side will in the 
long run lead tp failure. How is such co- 
operation to be secured The miners have pinned 
their faith to nationalisation as supplying the 
solution of the problem. The nationalisation 
' which the more extreme section have in view 
appears to involve the handing over of the direc- 
tion and control of the industry to nominees of 
their own, who would in effect be pledged to re- 
gard the wage-earners’ interests as paramount. 

While the nation is in sympathy with the 
raising of the standard of living of the miners, 
and the improvement of working conditions in the 
mines, it has no belief that nationalisation would 
supply a commonsense and practical solution of 
the problem. The nation also realises that no 
system of bureaucratic control would adequately 
replace the individual and collective effort which 
is necessary for the development of this compli- 
cated industry. 

The significance of the patience and self- 
sacrifice of the consumers of coal right through 
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the difficult times which culminated in the strike 
of the past months, appears to have been missed 
or misinterpreted by both miners and mineowners, 
and to some extent also by the Government. This 
remarkable patience on the part of the whole 
British public does not mean that they are either 
ignorant of, or indifferent to, the future availa- 
bility and cost to them of the fuel on which their 
daily lives must depend both directly and in- 
directly. If a permanently higher cost of fuel 
must be faced, then its availability must be corie- 
spondingly increased. 

To take only one aspect of this question of 
^^availability” which affects every consumer, from 
the highest to the lowest — the quality of the coal 
as It is raised to the surface and distributed by 
rail and road — this is a matter which at present 
is entirely in the hands of the mineowners and the 
miners. Every householder knows that the 
quality of the coal he or she receives has greatly 
deteriorated during and since the war. Stones 
and other inferior materials have been received 
and paid for as coal at the greatly enhanced prices 
of the day. The very fact that this burden is 
most widely felt by individuals renders it unsuit- 
able for dealing with by statistics. For our 
present purpose, therefore, the experiences of the 
large consumers can be more usefully considered. 

The gas undertakings of the United Kingdom 
are responsible for the distribution of the heat 
derived froin about 20 million tons of coal per 
annum. This, in round numbers, is not less than 
one-eighth of the total amount of coal consumed 
in the country. The experiences of these under- 
takings as regards the depreciation in the quality 
of coal they have received during and since the 
war have been freely disclosed and discussed by 
their engineers and directQJs; and on the strength 
of these representations the Board of Trade 
agreed to sanction a very substantial reduction in 
the calorific value of the gas delivered and paid 
for at the old rates by the consumers. Even with 
this relaxation in quality, the gas undertakings 
found it difficult, and in some cases impossible, 
to maintain adequate supplies of gas to their con- 
sumers, while the coke in which the whole of the 
inert and valueless material in the coal was con- 
centrated was rendered greatly inferior as a fuel. 

During the inquiry of the Fuel Research Board 
into the question of gas standards, they were in 
close touch with this subject; and my present re- 
marks are based on first-hand*' knowledge. As a 
result of our recommendations, the Board of 
Trade adopted the ^‘thejrm” of 100,000 B.Th.U. as 
the future unit of charge to the consunaer for the 
gas he receives; and I merely refer to the change 
at this stage in order to demonstrate the logical 
application of this principle to the question of the 
quality and price of coal. If the gas undertaking 
IS in future to be paid only for the therms de- 
livered to the customer, it is entitled to throw at 
least a portion of its responsibility on the coal- 
owners and miners by paying only for the poten- 
tial therms received in the coal, and not for inert 
and inferior materials which are not only value- 
less and detrimental to economical working in the 
retort-house, but lower the value of the coke 
produced. ^ 

Among other large consumers of coal, elec- 
tricity generating stations occupy a very important 
place. Of the total cost per unit in the generation 


of electricity, the larger proportion is due to the 
fuel consumed. This cost has been trebled or 
even quadrupled since 1914 — largely, no doubt, 
owing to the direct rise in the price of coal,^ but 
also to a substantial extent through the deteriora- 
tion in quality of the coal supplied. By the kind- 
ness of Sir Alexander Kennedy and of Mr, 
Herbert Jones, the Electrical Engineer of the 
London & South-Western Railway, I am in 
possession of the working results of the first 
quarter at two important generating stations in 
London. These figures will be again referred to 
in another connection. For our present purpose, 
I will only draw attention to the coal experiences 
at these stations. In the case of the Central 
Electric Supply Company, the calorific value of 
the coal received for thirteen weeks averaged 
10,582 B.Th.U., cost 45s. 2d. per ton, and its ash 
content was 18*4 per cent. The weekly ash figures 
ranged from 16*3 to 20*1 per cent. In the winter 
of 1914-15, the corresponding figures were : 
Calorific value, 10,800 B.Th,U- ; cost per ton, 
14s. 6d. ; ash content, 13 per cent. The ash ex- 
cess on the coal supply during the present year 
was therefore 5*4 per cent, or rather more than 
icwt. per ton. 

At the Durnsford Road power house of the 
London & South-Western Railway at Wimbledon, 
the average calorific value of the coal received 
was 10,900 B.Th.U., and the ash content 16 per 
cent. 

Examples of- this kind could be multiplied in- 
definitely from the experiences of private fiirms 
and public institutions- But the foregoing are 
sufficient to establish my point, which is that in 
view of the stage reached by the national coal 
problem, the time has come when the vital in- 
terests of the consumers naust be reckoned with in 
any settlement that is arrived at. These interests 
require that the mineowners and miners must alike 
realise that their responsibility is not niet by the 
output of mere material at the pit head and its 
distribution ^ to consumers by road or rail. 
Whether this material is to be consumed in its 
raw state as fuel, or whether it is to be converted 
into fuels of higher availability by gasworks or 
other carbonising and gasifying agencies, what 
counts is its thermal value. To the miner it may 
seem a revolutionar\’ proposal that he should be 
paid by the therms he sends to the surface; but 
as he himself possesses views in connection with 
the development of his industry involving a treat- 
ment of the national fuel problem from an en- 
tirely new^ and revolutionar:^" point of view, he 
cannot logically ignore the effects on the consumer 
and on the nation at large of the permanently in- 
creased cost of fuel which must result if His claims 
for a higher standard of living are to be realised. 

To my mind it wtsKiid be a serious set-back to 
our civilisation if the only solution of the 
economic problem in^volves the production of coal 
at prices which are insufficient to ensure for the 
miner a steady ^melioration of the conditions 
under which lives and brings up his family; 
and I for one would be prepared with good heart 
to face the working out of the more efficienj use 
of fuel which is ab^lutely necessary if ;a higher 
price is to pai d I^IL^ oaL This, howe^rt^^uld 
only he that there genuine 

co-operatitm of coidownei^s^ miners, not only 
in » the organisation of output on modeni„ |ipes, but 
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in the endeavour so to sort out and prepare the 
output by screening and washing the coal at the 
pit-head that tbe consumer is only called upon 
to pay carriage on the actual fuel value received. 
The gas or electric undertakings are certainly en- 
titled to press home to the miner the fact that, as 
the consumers of gas and electricity- only pay 
them for “therms’’ or “units” received, they in turn 
should pay the coalowners and miners on the 
same basis, though at a cost per therm which will 
leave a reasonable margin of profit on their 
operations. I 

Probably the iron and steel industry will be 
most severely handicapped by any permanent in- : 
crease in the price of coal, as fuel enters into its 
operations to so large an extent. The opinion has 
been expressed by experts in this industry that, 
though a reduction to i8s. or 20s. per ton in the 
price of coal suitable for the making of iron and 
steel might enable the industry to recommence, 
it is doubtful whether it coulld ultimately hold 
its_ own in the markets of the world. To ensure 
this, It is considered that it would be necessary 
for coal to return to the neighbourhood of its pre- 
war price. It has been suggested (Coal Conser- 
vation Committee, Ministry of Reconstruction, 
1918, pp. 77-81) that a considerable saving of fuel 
might be elffected by so grouping the elements en- 
gaged in the production of finished steel — coke 
ovens, blast furnaces, gas producers, steel fur- 
naces, and rolling mills — that the heat from all 
sources could be pooled at a common centre of 
heat and power. By this means it was considered 
that any excess of heat available at one stage 
might be made available at other stages in which 
an excessive demand existed. In this way it was 
believed that the consumption of coal per ton of 
finished steel might be reduced to 35cwt. per ton. 
If an ordinary figure of consumption of 45cwt. 
be taken, then a saving of locwt, of coal per ton 
of steel might result from grouping. With coal 
at 1 8s. per ton the saving would amount to 9s. 
per ton of steel. But this estimate takes no 
account of the large capital which would have to 
be sunk in scrapping and replacing existing 
works. 

The future of British iron and steel production 
is obviously so closely associated with the future 
price of coal, that no outsider is in a position to 
solve the problem. We can say, however, that 
substantial fuel economies are possible, though 
the extent to which this would justify a higher 
price for coal is still quite xmcertain. 

Before considering in technical detail some of 
the fuel problems which are more immediately 
before us, it may be well to pass in review the 
fuel position of the world, as it is disclosed by the 
most recent figures of production. For our pre- 
sent purposes our survey must be on broad and 
simple lines, which will enable us to grasp the 
whole question in due propofiton and in its true 
perspective. Proportion and perspective, as the 
exponents of the doctrine of relativity might re- 
mind us, depend entirely on the point of view of 
the observer. The facts and figures of the fuel 
resources of the world are the common property 
of the experts of all civilised nations. They may 
^ regarded as being like the immutable laws of 
Nature; but the proportion and perspective in 
which these facts and figures range themselves 
are different for the observers and commentators 


of each of these nations. In our own survey, we 
shall be wise to have in our minds some recog- 
nition of these widely different points of view 
In Great Britain, as a maritime nation, w^e can- 
not, either on political or commercial grounds, 
ignore the points of view of other nations inside 
or outside the circle of the Empire. 

An interesting review of the world’s coal supply 
in 1920 is given in the United States Geological 
Survey. The total output, including brown coal 
and lignite, amounted to 1300 million metric tons. 
This is within 3 per cent of the maximum output 
which was reached in 1913 and 19 iS. Of this 
total output — 

Per cent. 

The United States of America produced... 45 
Great Britain and the British Empire pro- 
duced 22 

Germany produced 19 

Other countries, ranging from 2^ per cent 
downwards, produced M 

100 

One of the most significant features revealed by 
this survey is the remarkably rapid development 
in the winning and use of brown coal and lignite 
in Europe and particularly Germany. The output 
in Germany in 1919 had reached the huge figure 
of 93*8 million tons; but this was overtopped in 
1920 by an output of iii*6 million tons — an in- 
crease in one year of nearly 18 million tons. The 

total European output in 1920 amounted to 140*7 
million tons, made up as follows : 

Million tons. 


Germany ni’6 

Czecho-Slovakia 19*7 

J ugo-Slovakia 2*5 

Austria 2*5 

Italy 

Netherlands i ‘4 

France 1*0 

Spain ^ o'S 


The output of ordinary coal in Germany tor 
1920 was 140*8 million tons. The brown coal 
industry in that country* is of old standing ; and its 
rapid development in recent years is based on 
sound knowledge and experience. Though in its 
natural state a less concentrated fuel than bitu- 
minous or anthracite coal, brown coal has many 
points in its favour. The chief of these is the low 
cost at which it can be won as compared with 
ordinary coal. Where extensive deposits of great 
thickness occur, these can be worked opencast, 
and excavated by machiner\’. The winning of 
brown coal is thus on an altogether different basis 
from coal mining, with its deep and costly under- 
ground roads and workings, which involve heavy 
costs for timbering, pumping, and ventilation. 
The manual labour required is much smaller in 
amount for a given output, and is of less highly 
specialised type; while the special dangers and 
uncertainties of coal mining are practically absent. 
The capital charges being mainly on surface roads 
and on excavating machinery — are relatively 
light, as compared with the heavy initial and per- 
manent charges involved’ in the sinking and equip- 
ment of shafts or mines. Brown coal, though it 
contains from 40 to 60 per cent of w'ater, is to-day 
by far the cheapest source of thermal units. Its 
further manufacture by drying, briquetting, and 
carbonisation, can be carried out close to the point 
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of excavation, and under conditions favourable 
to production on a large scale, and therefore at a 
low cost. 

The glowing accounts of this development which 
have appeared in the technical Press during the 
past two years may have struck us as exaggerated ; 
but the solid fact remains that the output of lig- 
nite in Germany last year was iii million tons. 
Germany has already faced the fuel problem of 
the future so far as she herself is concerned. 

In view of the hard facts and figures which are 
now before us, it is not surprising that Germany's 
example is being followed, not only in Central 
Europe, but in Victoria and in Canada. In Vic- 
toria, extensive deposits of brown coal exist in 
Central Gippsland, which are estimated by Mr. 
H. Herman, the Director of Geological Survey, 
to contain 30,000 million tons. The mam deposits 
near Monvell are hundreds of feet in thickness, 
and lend themselves admirably to opencast work- 
ing on an enormous scale. Considerable progress 
has already been made in the development of 
these deposits; and since the commencement of 
operations in igi6, 400,000 tons of brown coal 
have been mined and sold. When the excavating 
methods become more perfectly organised, it is 
anticipated that the coal will be produced at the 
mines at 2s. 3d, per ton. It contains from 40 to 
50 per cent of water; so that in heat value two 
tons is equal to about one ton of ordinary coal. 
A 50,000 kilowatt generating station is being in- 
stalled at Morwell for the transmission of current 
to Melbourne. Though a considerable market 
appears to exist for the coal as it is mined, it is 
intended to establish briquetting and carbonising 
plant at ^e mines; so that fuels of higher avail- 
ability will be produced from the raw coal. In 
1920, a sample of this coal )^as received here, and 
experiments on its carbonisation were carried out 
at the Fuel Research Station. 

In the Dominion of Canada, experiments are in 
progress on the briquetting and carbonisation of 
the brown coals of Manitoba and Saskatchewan. 
These experiments are being carried out under the 
auspices of the Dominion Government and of the 
Government of the Province of Saskatchewan. 

Somewhat allied to the lignite problem is that 
of die development of peat as a fuel. The 
Dominion Government of Canada is keenly in- 
terested in this question; and I shall have some- 
thing more to say on the subject at a later stage 
Germany also is preparing for important develop- 
ments, some of which are described in the 
Engineer for April 22, 1921. The Wiesmoor 
plant, which has been in use since 1910, is now 
regarded as obsolete; but during the ten years it 
has been in use, much valuable experience has 
been gained in the wmning and use of peat. The 
average fuel consumption is stated to be from 2*7 
to 3 kilos, of partially dried peat sods per k.w. 
hour, and the cost of the peat is taken at 5 marks 
per ton. It is now proposed to establish a line of 
g^enerating stations fired by peat extending from 
Konigsberg in the east to Wiesmoor in the west. 

The world's output of brown coal and lignite 
in 1920 was about 143 million tons, or ii per cent 
of the total coal output of 1300 million tons. 

F rom the European point of view, the significance 
of this fact must not be gauged in terms of this 
moderate percentage. According to the extent 
to which Germany can meet bor own requirements 


for heat and power by the development of lignite, 
peat, and water power, the output of her coal 
mines will be set free for export, and she will thus 
take a more important place in the markets of the 
world. The coalowners and miners of this 
country would be well advised to keep an eye on 
the development of brown coal and lignite in 
Germany and elsewhere. 

(To be continued) 


UNIVERSITIES, RESEARCH, AND 
BRAIN WASTE* 

By J. C. FIELDS, Ph.D , F.R.S. 

(Concluded from p. 77) 

The waste of brain in this world is a tragedy of 
the first order. There is none greater. This was 
brought home to us with peculiar emphasis during 
the war. When Moseley was killed at Gallipoli 
scientists everywhere felt a sharp pang. Here 
was a young man who had crossed the threshold. 
He had just had time to* prove his genius. Almost 
at his first attempt he left his imprint on the 
science of physics, and great things were expected 
of him. His sudden cutting off did a great 
violence to the sense of the fitness of things in 
the niinds of those who knew what a loss it meant 
to science. The toll of Trinity College, Cam- 
bridge, in the war was in the neighbourhood of 
2,000. Of these, some had already been produc- 
tive, and others gave great promise. The most 
gifted of our young men went overseas, and many 
of them will never return. Among the latter were 
two of gold medallist standing in my own Depart- 
naent. The sacrifice of a young man of excep- 
tional ability seems to accentuate the unreason 
and injustice of warfare. Why should he not 
have been permitted tp fulfil his natural destiny, 
to lead an intellectually productive life, and per- 
haps add a permanent increment to the heritage 
of the race? Yet the same sacrifice of exceptional 
gifts, the same waste of brain power, is going on 
regularly in our midst in peace times and we pay 
no attention to it. What is possible in this regard 
I have illustrated by the history ^of mathematics 
in America. Successive generations of potential 
mathematicians were wiped out. They never 
knew what struck them. Their contemporaries 
never knew that nature intended them to be 
mathematicians. The story of the Dockyard 
Schools is full of suggestion as to the waste that 
must be going on. We pause to think when we 
hear of a man like George Green, who was dis- 
covered at 40, graduated at Cambridge at 44, and 
died at 48, after leaving his permanent mark on 
the history" of mathematics and physics. It is 
said that his later years were saddened by the 
realisation of the fact that the greater part of his 
life had been wasted. How many George Greens 
are there who die before 40 ? How many who are 
not discovered before 48? 

There is one general formula which will enable 
us to avoid all waste of brain, but we should en- 
deavour in every possible way to salvage all we 
can. It would, no doubt, be helpful to have the 
advantages of a mwersity or higher technical 
education different view-points to 

♦Reprinted from the Tra?tsaciiom of 0 te Canadian Institute 
February 1921. 
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the pupils in the secondary schools, preferably by 
visiting lecturers. Their studies, too, should in- 
clude something of a biographical or narrative 
character touching on the lives and work of the 
great scientists. This might even with advantage 
be introduced into the elementary^ schools. Matter 
could readily be selected which would not be lack- 
ing in romance. 

Some adequate reference it seems to me shouW 
be made to science in the teaching of history in 
the schools. Modern history, as I understand it, 
is an account of how a people, starting out under 
certain conditions at a given time in the past, have 
arrived at where they now find themselves. The 
most important agent involved in the transition, 
the largest factor by far co-ncerned in modifying 
the conditions of living during the past two cen- 
turies, has been science. Is it not of the first im- 
portance that every boy and girl should be made 
aware of this fact? 

By stimulating the interest of the pupils of the 
preparatory^ schools in science, by visualising uni- 
versity opportunities and by establishing a system 
of scho-larships such as we have already referred 
to, we could doubtless mcrease considerably the 
number of students of ability in our universities. 
Those who do not go to the university, but leave 
the elementary’ or secondary school to earn their 
living, would at least carry away uith them a 
certain respect for science and a recognition of the 
fact that the university has a useful function to 
perform in the life of the community’. This 
would later on have its effect in helping to create 
a public opinion which would react more favour- 
ably to proposals for financial aid to universities 
and science. 

A university should be sufficiently staffed to 
care for the needs of its students. Our owm Uni- 
versity is undermanned. The tutorial classes 
should be smaller. This is no good reason, how- 
ever, why the members of the staff should be over- 
worked. J unior instructors, who have research 
inclinations, should be given a chance to show 
the mettle that is in them. The more mature 
men, who have already proved themselves, should 
be given time fpr research. Only yesterday I was 
talking to a member of the staff who told me that 
for three weeks past he had been working till 
three in the morning and that for seven days in 
the week. The man in question is a research 
worker, but the work referred to had nothing to 
do with research This is, of course, exceptional, 
and it will not ordinarily be necessary for my 
colleague to work so strenuously. Even so it is 
a little inconvenient. The same man, too, worked 
tUl midnight daily during the last month of the 
vacation getting the materials required in his 
laboratory in readiness for the opting of the 
term. I asked hipa whether he received any pay 
for work overtime. His reply was an incredulous 
smile which, interpreted, meant how could any 
member of a university staff be so ingenuous as 
to ask such a question. 

The case I have cited is an extreme one to be 
sure. There are plenty of members of the uni- 
vTsity staff, however, who have more than enough 
to do, and there is none who has not enough to 
keep him busy. Of this the layman can rest 
a^UFfd. Further staff, of course, would mean 
xnore^ expense, but the Province would he well 


paid for its extra outlay. 

There should be a larger number of places for 
research men in Canada. There should be more 
positions for them in the universities and more in 
the industries outside. The University of 
Toronto has begun to develop along research 
lines, and in the course of time, no doubt, much 
good Canadian brain-power will be salvaged 
which would otherwise go to waste. The pro- 
jected Institute for Research at Ottawa will absorb^ 
some of the men trained by the University for re- 
search. It is to be hoped that the demand from 
the industries will grow. It might be well also 
to have such men in charge of the science depart- 
ments in the high schools, and to encourage their 
research inclinations by furnishing them with 
adequate laboratory equipment. Something of 
this sort, I understand, it is proposed to do in 
England. (A provision in the Education Act 
enables local authorities to meet the cost of re- 
search work of educational value conducted by 
teachers in the schools.) This would all tend to 
conserve Canadian brain for Canada, and would 
check the leakage to the United States and other 
countries. Of the 15,000 living graduates of the 
University of Toronto, 1,700 are located in the 
Republic to the south of us. Between 400 and 
500 others are domiciled abroad. McGilFs loss to 
the United States is 1,500 out of 6,700 graduates. 

•It has been suggested that research professors 
and research associate professors be appointed in 
the departments of natural science of the Univer- 
sity of Toronto, their duties to consist primarily 
in the prosecution of research on their own 
account, and in the training of young men of 
selected ability for lesearch. The aggregate of 
these research men would be known as the re- 
search staff in natural science of the University 
of Toronto. 

To me it appears that the organisation of such 
a group would, in addition to creating greater 
effectiveness within the university, have a two-fold 
benefit without. On the one hand, it would re- 
mind the laymen that there exists a body of men 
in the world whose business it 15 to advice know- 
ledge, and on the other hand it would impress on 
them the fact that the University is not an insti- 
tution whose sole function is to purvey knowledge, 
but that it has also another and quite as impor- 
tant function, namely, to add to knowledge and to 
train young men in. order that they may add to 
knowledge in their turn. 

The war ,has been wasteful of brain power. 
It has, however, taught us its value. In the work 
of reconstruction nothing can be of more impo-r- 
tance than conserving and realising on the brain 
power of»*the nation. In this work the universi- 
ties must play the leading role. If in our re- 
constructed country we shall have reduced brain 
waste to a minimum and increased brain output 
to a maximum, we shall have raised the greatest 
of all memorials to our boys who sacrificed them- 
selves in France and Flanders in order that 
Canada should be saved from determination by 
Germany. It is fox the Canada whose de^inies 
will be determined by' Canadians that they fought 
and died, and the Canada that is to be will be 
their monument. Let us make the monument a 
great and noble one. May it be worthy of those 
whom it commemorates. 
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GERMAN COMPETITION. 

The ^'Report on the Economical and Financial 
Situation of Egypt,” jmblished by the Department 
of Overseas Trade (H.M, Stationery Office, 
Imperial House, Kingsway, W.C.2), contains 
much information that might be studied with 
profit by British manufacturers, particularly in 
reference to foreign competition and the require- 
ments of Egypt. F rom a mass of important notes 
we select the following statement, which speaks 
for itself. 

‘^German stationery is being sold at many 
Italian and Greek shops at very low prices, and 
the material appears to be of a good class. For five 
sheets of notepaper and five envelopes only 5 
milliemes or i^d. is charged. 

German glassware and chinaware imports in- 
creased very greatly during the latter months of 
1920; cutlery of a cheap order is also being im- 
ported in large quantities, as well as table ser- 
vices of every kind and design. The majority of 
the teaspoons, sugar-tongs, and other small acces- 
sories of the table are, however, of a very glaring 
and vulgar order. Silver-gilt birthday spoons are 
selling at P.T. 125 a dozen, sugar-tongs at P-T.6s 
each, and nickel-plated plates at P.T.30 each. 
Razors are sold at an average price of P.T. 55 
each, which cannot be called remarkably cheap- 
German drugs are returning to the Egyptian 
market in large quantities, including the original 
saccharine tablets, Messrs. BayePs aspirin, and 
“Ddol,” manufactured by their original producers. 
Saccharin and aspirin are being advertised in all 
the local papers; the latter is sold in bottles con- 
taining 24 five-grain tablets (standard English 
weight), 

German dyes, syn^bfetfc indigo and other 
coal-tar dyes, are also returning to this market in 
large quantities, the quantity being more than 
double, and the value nearly treble, that of im- 
ports from the United Kingdom. 

Among recent patents taken out will be observed 
(i) the name of J, A. Reidel, Aktiensgesellschaft ) 
Chemical Manufacturers of Britz, 1-38, Reidel- 
strasse, Berlin^ viz., the word ‘TDRAG” printed, 
written, or stamped, in any size, manner, shape, 
or form ; and any letters black, white, or red, used 
in respect of their chemical, medicinal, photo- 
rgaphic and lithographic products; also the word 
"GENOSAN” as above in respect^pf their medi- 
cinal products; dated 12/1/21 : {2) Ba<lische 

Anilin & Soda Fabnk of Lt^wigshafen ; specifi- 
cation of invention having for title “Preparation 
stable a base d'indigo blanc”; dated 10/1/21. 

German pianos, mouth-organs, and other 
musical instruments are being freely advertised 
in E^pt, the prices for mouth-organs being very 
low indeed. The exporter of the latter is Albert 
Wordhsh, of Stettin, who is sending in addition 
large quantities of cigar-holders, pipes, &c., to 
Egypt, also at very low prices, owing to the low 
rate of exchange. 

It is unfortunate that, owing to German firms 
being able to accept such vtiy low prices, they 
have succeeded in wresting fairly large contracts 
from .United Kingdom exporters for railway 
material redillred by the Egyptian State Railways, 
and other kinds of material and plant required by 
>ther Government Departmlfits, light rail- 

way permanent way for use in connection with oil 
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workings by the Deioartment of Mines on the Sinai 
Coast. Unless British steel firms are prepared to 
make a big sacrifice, in spite of prices at present 
ruling in Sheffield, and to guarantee within a 
specified period, in order to keep their hold on the 
market for Egyptian Government contracts, they 
must not be surprised to see all future orders se- 
cured by German, Austrian, or Belgian firms, par- 
ticularly for railway material and rolling stock. 

German (Bosche) dynamos have been arriving 
in great numbers and were quickly sold owing to 
the loiv price demanded, and also to the fact that 
either United Kingdom exporters had apparently 
overlooked the Egyptian market for some months, 
or had not delivered them in sufficient quantities 
for its needs, as British dynamos appear to be 
very scarce at present. 

Quantities of German fittings and spare parts are 
returning to this market; also hand-spanners, 
wrenches, and other hand tools are being sold 
in most of the machinery shops. In this connec- 
tion it is to be regretted that a British engineer 
spent five days recently trying to buy a Briggs 
T-head spanner, which he required for use at the 
Egyptian Gkivernment oil workings on the Sinai 
Coast, and, having finally failed to buy a single 
one, was compelled, owing to the urgency of the 
work i;equired, to purchase a German article. 

The products of Krupps, the A.E.G., and Borsig 
Wolf & Co., are sold by the Technical Supply Co. 
of Alexandria, a company formed for that 
purpose. 

German bicycles of the “Ankard,” “Eros,” and 
“Oppeln” makes were imported in fair numbers 
during 1920, but their sale is not very extensive. 
The two first-named arrive as a rule without tyres, 
and are sold by agents at ;£E. 10 a piece with tyres, 
and ;£E.6 without. The “Oppeln,” with half- 
gallon petrol tank and motor on frame with 
springs, is sold at £E.35- 

New German electric motorcars of the “Adleri’ 
make are arriving in good numbers, also without 
tyres, and are being sold at ;£E.i20, being of the 
very small type. Mercedes and Daimler cars are 
being sold at prices ranging from ;£E. 1,500 to 
£E.3,ooo. 

It is interesting to note that nearly all the tyres 
fitted to these German motorcars and bicycles on 
arrival here are of British manufacture, and in the 
case of the “Eros” biqycle, a British-made tyre, 
28 X liin., is the only one extant in this market 
which will fit it. 

Nearly all the films shown in Egypt have 
hitherto been American or French productions, 
but of late many German films have appeared, 
and it must be admitted that they have proved of 
a very superior order. It is to be hoped that 
United Kingdom producers will make an effort 
to show their films in this country, where they 
would be sure to be appreciated. 


notices; of books. 

Journal of Indian Industries and Labour. Vol. 
I., Part 2. Printed j^t Calcutta the Superr 
intendent of^j^iflwyfeniment Printing, India, 
(Can be irv.Ebh 4 qq,of the following 

Agents : — Messrs. Constable Co., Kegan 
?aul, B. Quaritch, P. S. King & Sops, H. 
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King' & Co., Gnndlay & Co., Luzac & Co., 
W. Thacker & Co , T. Fisher Unwin, 
Wheldon & Wesley). 

The second part of Vol. L of this Journal con- 
tains much that is of interest. Sir Thomas 
Holland contributes an article on the principles 
which govern the grant of mineral concessions in 
India. His discussion of the grounds on which 
the mineral policy of a Government has to be 
determined explains the reasons for restrictions 
which are apt sometimes to appear unnecessarily 
irksome to those engaged in the development of 
the mineral resources of a country. The article 
concludes with a very useful summary of the 
rules for the grant of prospecting licences and 
mining leases which are at present in force in 
British India. 

An interesting account of the Rajputana salt 
industry, with particular reference to the salt 
w’orks on the Sambhar Lake, is given by Mr. P. C, 
Scott O’Connor, an officer of the Northern India 
Salt Revenue Department, who has studied the 
history of Government control over salt produc- 
tion and has had considerable personal experience 
of the actual work of producing salt for the 
market. 

Mr. J. W. Meares, in an article entitled ^‘Tho 
Hydro-Electric Survey of India,” explain^ in a 
lucid manner the potentialities of India in the 
matter of sources of water power, Hfe discusses 
the various methods by which water can be har- 
nessed in order to produce power for the develop- 
ment of industries and the provision of public 
conveniences without interfering with its func- 
tion of irrigation. An account is given of the 
origin of the hydro-electric survey of India, of its 
results up to date, and of the limits within which 
its work is confined. Mr, Meares’ remarks on the 
proper utilisation of electricity will be of use to 
those who have to weigh the comparative advan- 
tages of this and other sources of power. 

Mr. Clow contributes a thoughtful article on 
the subject of “Factory Children and Education.” 
The history of legislation relating to the various 
restrictions on the employment of children in fac- 
tories is given and the comparative merits of the 
two schools of thought, one of which favours the 
prescription of educational tests before employ- 
ment and the other the putting of compulsion on 
employers to provide education during the period 
of employment in a factory, provides an interest- 
ing contribution to the discussion of this difficult 
subject. 

The subject of “The Hide, Skin, and Leather 
Trades and Boot and Shoe Manufacturing in 
India” is treated by Sir Henry Ledgard, who was 
until recently the Honorary Adviser to the 
Government of India on Boot Production. A de- 
tailed account is given of the methods introduced 
into the manufacture of 'boots for the Army in 
India during Sir Henry Ledgard’s short term of 
office. The article concludes with a summary of 
the position of the leather and boot industries in 
India at the present time. 

An^ interesting address on the subject of 
chemical research for the development of indus- 
tries in India, which was read by Dr. E. R. 
Watson at the last meeting of the Indian Science 
Congress, is reproduced as an article in the 
Dr, Watson pays particular attention to 
the possibilities of producing in India the essen- 


tial munitions of war which he claims should be 
the foremost consideration in the industrial policy 
of the country. 

An outline of the present position of technical 
and industrial education in Bengal is the sub- 
ject of a short article by Mr. W. H. Everett, 
which deals with education under the heads of 
civil engineering, surveying, mechanical and elec- 
trical engineering, mining, weaving, commercial 
education, and art. 

Other items of interest are a summary of in- 
formation regarding industrial disputes in India 
during the first quarter of the year, miscellaneous 
notes on various subjects, including the bleaching 
of shellac, the investigation of cotton stalks as a 
paper-making material, three short notes on sub- 
jects of industrial interest contributed by Sir 
Alfred Chatterton, and a statement showing the 
kind, quantity, and cost of stores purchased in 
India by Government during the three official 
years ending 1919-20. A new feature of the 
Journal is the publication of reviews of recent 
publications. 

A notice announces that eight bulletins of 
Indian Industries and Labour have now been pub- 
lished, and seven more are in the press. 


CHEMICAL NOTICES FROM FOREIGN SOURCES' 

Comftes Rendus Hehdomadaires des Seances de 
VAcademie des Sciences, Vol. clxxiii., No. 3. 
“The Distribution of Electrons in Heavy 
Atoms.” — By MM. A. Danvillier and L. de 
Broglie. 

“The Diffraction of X-rays by Liquids.” — By M. 
A. Debierne. 

“The Resistivity of the Monosulphide to Mono- 
selenide of Thaliium.” — By M. H. P^labon. 

“The Magnetic Properties of the Metals of the 
Alkaline Earths in Combination.” — By M. Paul 
Pascal. 

“The Role of Gaseous Impurities in the Cataly- 
tic Oxidation of Ammonia Gas.” — By M. Eugene 
Decavrifere. 

“The Preparation of Calcium Carbide by Cal- 
cium Ammonium and Acetylene.” — By MM. L. 
Hackspill and E. Botolfsen. 

“A New Reaction of Ammonia.” — By M. Coual 
D. Zenghelis. 

“A New Method of Preparing Sodium Deriva- 
tives of True Acetylenic Hydrocarbons.” — By M. 
Picon. 

“The Polymerisation of Glucosanes.” — By MM. 
Amee and Jaques Pictet. 

“The Nitro and Amido Derivatives of Methyl 
Ethyl Benzene.”— By M. Alphonse Mailhe. . 


NOTES. 

Market for Chemicals in the Netherlands 
East Indies. — His Majesty’s Commercial Agent in 
Batavia (Mr. H. A. N. Bluett), has forwarded to 
the Department of Overseas Trade the official re- 
turns of the import of chemicals into the Nether- 
lands East Indies for the first two months of 1921. 
The chemicals named are alum, caustic soda, 
sodium carbonate, iron sulphate, calcium carbide, 
and copper sulphate. Except in the case of the 
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last two, the returns show a very considerable 
falling-ofF in trade with Great Britain in ig2i as 
compared with that of 1920, with a corresponding 
increase on the part of Germany. Further par- 
ticulars can be obtained by application to the De- 
partment of Overseas Trade, 35, Old Queen 
Street, Westminster, S.W. i. 

Production and Industry (Iron and Steel) — 
The production of iron and steel, which in 1920 
almost approximated the 1913 figures, shows a 
large decline in the first six months of 1921, the 
actual figures, together with the corresponding 
figures for 1920, being as follows ; — 

Pig Iron. Steel Ingots and Castings. 

1920. 1921. 1920. 1921. 

Tons. Tons. Tons. Tons. 

January 665,000 642,100 754,000 493,400 

February 645,000 463,600 798,000 4835500 

March 699,000 385,500 840,000 357,600 

April 671,000 60,300 7^,000 70,600 

May 739,000 13,600 846,000 5,600 

June 726,000 800 845,000 

Total 4,145,000 1,565,900 4,877,000 1,412,600 

* This refers to castings only. 

It will be seen that a considerable decline took 
place before the beginning of the coal dispute, but 
the decline in the United States was equally 
serious, and no improvement in output in that 
country is yet visible : — 

U.S. Output of Pig Iron. Steel. 

1920 Monthly average ... 3,077,000 3,392,000 

1921 April 1,193,000 1,441,600 

1921 May ... 1,221,000 1,500,500 

1921 June 1,065,000 1,192,000 

Both countries were feeling the effects of general 

world depression and of price-cutting by Belgian 
and German competitors. * i Under these influences 
makers of pig-iron in this country are at present 
quoting prices as low as ;£8 los. per ton. After 
the first few weeks of the coal dispute, practically 
every blast furnace in the country was closed 
down, but with the close of the coal dispute, a 
slow recovery is now expected, although its course 
is dependent on a moderate price of coal. — Board 
of Trade Journal. 

Tellurixdi Tetraiodide.— Its existence, long 
doubted, has been demonstrated by M. Damiens. 
It is in form of small black brilliant crystals, 4 
to 5 mm. long. Density at +15° is S*oS. Little 
soluble in alcohol and acetone,^ ^ it is insoluble 
in ether, chloroform, and cartx)n sulphide. 
Though proof against humid air, it is slowly 
attacked by cold water, and decomposition in hot 
water liberates hydroiodic acid almost immedi- 
ately decomposed. It is suitable for preparation 
of numerous derivatives of tellurium, but its 
speedy decomposition restricts the chemical 
actions in view to low temperatures. — Comfies 
Rendtis^ May, 1921. 

American Chemical Society.— The Fall Meet- 
ing of the American Chemical Society will be held 
with the New York Section, Tuesday, September 
6 to Saturday, September 10. This will probably 
be the largest Meeting of the American Chemical 
Society that has ever been held" Aside from the 
2500 members of the New York Section itself, 
many thousands are within a four or five hours’ 
ride of New York. In addition to the usual 
features, we shall have as ’guests at this time a 
considerable number of British and Canadian 


members of the Society of Chemical Industry, 
who will have held their Annual Meeting in 
Canada, will be greeted at the border by the 
Governor of the State, and will arrive in Nev 
York on Wednesday morning, September 7. 
After being the guests of the American Section of 
the Society of Chemical Industry at a luncheon 
on September 7, they then become the guests of 
the American Chemical Society for the remainder 
of the week. We expect three or four hundred 
of these British and Canadian friends, besides 
three or four thousand from the American Chemi- 
cal Society. All members of the American 
Chemical Society are invited to the meeting in 
Montreal, beginning August 29. A further reason 
for this being a large and successful meeting is 
the opening of the National Exposition of Chemi- 
cal Industries on September 12, immediately after 
the close of our meeting. A great niany guests 
from all over the United States who visit this Ex- 
position each year, will come a few days earlier 
to attend the Meeting of the American Chemical 
Society, 

Mr. Douglas H. Ingall, M.Sc., chief assistant 
to Prof. Turner, Birmingham University, has 
been appointed Principal of the County Technical 
College, Wednesbury, in succession to Mr. Walter 
Macfarlane, F I.C., who now' retires as Emiritus 
Principal after 25 years service with the Stafford- 
shire Education Committee. 

Distillation of the Leaves of Green Plants. 
— The distillation of the leaves, immediately after 
gathering without addition of water, under re- 
duced pressure at 60® C., gives ethyl alcohol, 
acetic aldehyde, nitrous acid. The experimenter, 
M. Maze, did not find formic aldehyde. The 
leaves of the haricot and maize contain, in very 
fine weather, acetylmethvlcajbinol, those of the 
elder free hydrocyanic acid and glycolic aldehyde, 
those of the poplar lactic aldehyde. Formation 
cf acetylmethylcarbinol, glycolic and lactic alde- 
hydes is closely allied with assimilation of car- 
bonic acid Maize and haricot leaves are destitute 
of acetylmethylcarbinol in the morning, but con- 
tain it in increasing quantities during days of 
sunshine; on rainy and cold days they are com- 
pletely destitute. Haricot leaves contain 
coumarine in the evening and not in the morning. 
— Comftes Rendus^ cIxxL, No, 26. / 

Calcic Cyanamide.— ^The first idea of manufac- 
ture of calcic cyan amide is due to Berthelot, then 
Franck and Caro. It was produced on an in- 
dustrial scale in Italy subsequently, the carbide 
being treated in retorts superheated on the exterior 
with nitrogen. The yield was bad, owing to 
superheating against the sides. It was then noted 
that the reaction being exothermic, it sufficed to 
heat the mass at one point to 800® to 1000® C. to 
start the reaction. This heating was first obtained 
with a carbon heated by electricity. In the more 
recently constructed " plant, electricity is yet 
utilised, but ^or heating on the circumference, 
which gives a better » start to the reaction. Trials 
have also been made with tunnel kilns, but in 
spite of great improvements, nothing very satis- 
factory has been obtained. Thus a product with 
19 to 22 per cent nitrogen is produced, whereas 
theory giwes 30 impurities are mainly 

lime, carboBi «a unattack'e'd ^carbide. It is esti- 
that 1700 kilogrms. of cyan^mide with 20 
per cent nitrogen can be manufactured with 
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I H.P. Cyanaraide, with the water of the soil, 
gives urea, and then carbonate of ammonia, which 
are oxidised by nitrifying bacteria into directly 
assimilable nitrates. For employment in agricul- 
ture it is hydrated to destroy quick-lime and car- 
bide, then granulated as far as possible to i^revent 
formation df dangerous dust. Unfortunately, a 
really practical method of granulation has not yet 
been found. Cyanamide can also be mixed with 
other fertilisers like superphosphates taking cer- 
tain precautions to ’prevent retrogradation. — 
DEngraiSj June 3, ig2i. 


NOTICES. 

EDITORIAL. — All Literary communications and Books, Chemical 
Apparatus, &c., for review or notice to be addressed to the 
Editor. “ 

SUBSGRIPTIONSy £1 12s. per annum, payable in advance, should 
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BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, E.C 4. 

ADYERTISEMENTS. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W C.a., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 


LcUest Patent Appheattons, 

— Badische Anilm & Soda Fabrik.— Production of thymol. 
July 18. 

19531— Dreyfus, H.— Manufacture of solutions, compositions, 
preparations, of articles of cellulose derivatives. July 20. 

19669— Gluud, W. W.— Method of extracting sulphuretted 
hydrogen from gases. July 2t. 

19848 — Scottish Dyes, Ltd.— Colourmg matters of the napththalene 
series. July 23. 

Speeijications published this Week. 

166228— Marks, E. C. R.— Recovery of fluorine as hydrofluoric acid. 

166289— Head, C. J.— Process for the manufaciure of chromic oxide 
and sodium sulphide from sodium chromate. 

166425— Renck, - « .—Production of casts from ferrous sulphide. 

145053— Akt Ges. fur Anilin-Fabrikation.— Manufacture of ortho- 
oxy-ayo-disayo-dye-stuffs . 

Abshact Published this Week. 


Punfyins E/c.— Patent No. 164115.— Mr. H. Bolman of 

1, Alsterdamm, Hamburg, Germany, has obtained a Patent for an 
improved process of punfying fats and fatty oils from fatty acids, 
resins, mucilaginous and bitter substances, etc., by treatment in 
counter current with a solvent for fatty acids, etc., but not for 
glycerides. A series of extractiom^essels is used, and the solvent 
and fatty oil are separated from each other before passing to the 
next vessels. Solvents specified are methyl alcohol, ethyl alcohol, 
amyl alcohol, acetone, acetic ester, diluted or not with water to 
ensure a suflacient difference in the specific gravity of the solvent 
and of the oil. When fats aretreated, the temperature is maintained 
sufficiently high to ensure Irquefaction, In the apparatus, rape or 
other oil from a reservoir, is passed continuously into the highest 
vessel of a series of washing vessels, and three times the volume of 
96 per cent alcohol from a reservoir into the lowest vessel, while 
the agitator works continuously. The mixture in §ach vessel passes 
continuously to a separator opposite by pipes, and separates into 
two layers, the alcoholic solution from other separators passing 
respectively to washing vessels, and that from another separator 
through a pipe to a still, while the oily lower layer passes from 
separators to washing vessels and that from another separator to a 
still for the removal of residual alcohol. A temperature of 20-30^ C. 
is maintained throughout. In a modified apparatus, treatment and 
separation take place in the one series of vessels, no agitators being 
employed, but retarding means such as Raschig rings, are used to 
ensure mixing and separation, and the separated oil and solvent 
flow to the next vessels through siphons. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free fW the official 
price of i/- each. 


All communications for' this Department should be ad- 
dressed to— 

T. G. SCOTT & SON, 


63, Ludgate Hill, London, E C.4. 


UNIVERSITY OF BIRMINGHAM. 

FACULTIES. 

SCIENCE MEDICINE 

ARTS COMMERCE. 

SPECIAL SCHOOLS OF LANGUAGES. 
DEPARTMENT FOR TRAINING OF ThACHERS. 

SCHOOLS OF 

ENGINEERING MINING 

METALLU RGY BREWING 

DENTISTRY SOCIAL STUDY. 

Leading to Degrees and Diplomas. 

THE SESSION 1921-22 COMMENCES OCTOBER 8rd, 1921 . 
ALL COURSES AND DEGREES ARE OPEN TO 
BOTH MEN AND WOMEN STUDENTS. 

In the Medical School Courses of Instruction are arranged to 
meet the requirements of other Universities and Licensing Bodies. 

Graduates, or persons who have passed Degree Examinations 
of other Universities, may, after one year’s study or research, take 
a Master’s Degree. 

SEPARATE SYLLABUSES with full information as to 
Lecture and Laboratory Courses, Fees, Reflations for Degrees, 
Diplomas, etc., Exhibitions and Scholarships, are published as 
follows 

1 . Faculty of Science. 

2 . Faculty of Arts. 

3 . Faculty of Medicine, 

4 . Faculty of Commerce. 

5. Department of Social Study. 

6. Department of Biology and Chemistry of Fermentation. 

7 . Exhibitions, Scholarships, etc 

and will be sent on application to the undersigned. 

GEO. H, MORLEY, 

^ Secretary, 


'VHE Proprietors of the Patent No. 131272 

for 

A NEW OR IMPROVED 

PROCESS FOR THE MANUFACTURE OF CAUSTIC SODA 
MORE PARTICULARLY FROM RESIDUE RECOVERED 
FROM THE ALKALI USED IN PULP DIGESTION, AND 
CONTAINING SODIUM CARBONATE 
are desirous of entering into arrangements by way of licence and 
otherwise on reasmaable terms for the purpose of exploiting the 
same and ensuring its full development and practical working in 
this country. All coipmunications should be addressed in the first 
instance to ; 

HASELTINE, LAKE & Co., Chartered Patent Agents, 

28 , Southampton Buildxjjgs, Chancery Lane, London, W.C. 


Apparatus aud Reagents 


. CITY OF LONDON COLLEGE, 
WHITE STREET AND ROPEMAKER STREET, 
MOORFIELDS, E C.2. 


For Chemical and Bac^^eriological Research 

SPECIALITIES;- 

HAETINDAIE’S BURFTTE STAND 9/-, 16/- 

MARTIirDALE’S BACTEBii^flGHCAL CASE 4B/- 

Analyiical Price List posi free, i ^ Telephone— 1797 Paddington. 

W* ||AI<Tti>fDALE^ 10, New Cavendish St., W. 


MICHAELMAS TERM COMMENCES 
SEPEMBER 26th. 

^ LASSES and Laboratory Work in Chemistry. 

Special Preparation for the Examinations of the Pharmaceuti- 
cal Society. Courses on Commercial Products ; Oils, Textiles, 
Cereals, Sugar, etc;. 

Full particulars grati on application to DAVID SAVAGE, 

Secretary. 
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COAL WASTAGE IN TANK BOILERS. 

Its Causes and Prevention. 

By W. H. CASMEY, of Hoidsw6rth & Sons, Ltd., Bradford. 

The wastage of hximan life and coal are caused by 
neglecting the laws of combustion, and conse- 
quently such losses are preventable, the loss of I 
life being due to lack of air, and that of coal 1 
wastage for the very opposite reason — too much ; 
air. 

Whatever types of tank boilers are used, 
Cornish, Lancashire, or Yorkshire, the factors ' 
governing their duty and efficiency are : — 

(a) The correct proportion of air and coal to 
give the highest workable furnace tempera- 
ture, approximately 2750° F. 

(d) A standard ratio of 2 to i between the size 
of grates and smallest section area through 
which the products of combustion are to 
pass, between the ends of the furnaces and 
chimney bottoin; depth of bottom flue half 
diameter of boiler; width of side flues one- 
seventh diameter of boiler. 

With the above conditions and a minimum of 
brains between the coal heap and boiler furnaces, 
there will be no difficulty in securing an overall 
efficiency of 80 per, cent or even more; there are 
of course, many minor details to consider, but 
every works engineer knows his own plant, and 
should be fully capable of dealing with it success- 
fully, and the purport of this article is to show in 
a simple practical way,^ how, if we but get hold 
of the governing principle of economical steam 
production, we can not, only save coal, but pro- 
duce healthier surroundings for all. 

The Law of Mathematics shows that twice 2 
equals 4, and that 4 times g equals 36, and no 
argument can change the results; if, however, we 
make an error in our calculations, giving the 
answer as 35 instead of 36, we at once blame our- 
selves for the mistake, and not the mathematical 
rule, and this is the method to adopt in the boiler 
house, which is self-evident from the following ' 
illustrations. ; 

To burn ilb. of ordinary steam coal so that no i 
waste shall take place requires i2lb. of air, and 
these elements combined give a CO2 reading of 
IQ- 2 per cent , the furnace temperature being 
4000°; and it is well to remember * that the tem- 
perature of combustion is a constant, but much j 
too high for steam raising purposes. 

For good steam practice, the theoretical weight 
of air * should be increased 50 per cent, thus 
making the proportions of i81b. of air to ilb. of 
coal; but this additional 61b. of air, as already 
inferred, does not affect the temperature of com- 
bustion, but at once reduces the temperature of 
the furnaces from 4000® to a workable and useful 
temperature of, say, 27 50"*, and in this case the 
products of combustion contain 13 per cent CO^; 
therefore, by indreasing the air supply 01b.', the.; 
COs is reduced 6*2 per cent, and that of the tem- 
perature 1300®. 

indicates^ however, that in general 
' practice we allovr abbut Jolh- of. air lb. qf 
coal, and with this i2ib, additional air supply, 
-the COa is only 7 per cent, and the furnace tem- 


perature 1750®, showing in /this case the additional 
izlb. of air reduces the CO2 a further 6 per cent, 
and the furnace temperature an additional 1000® ; 
it is therefore nothing besides pure neglect in noi 
attending to the supplies of air and coal delivered 
to the furnaces being proportional for practical 
combustion, which causes fuel wastage. 

Assuming we are working a boiler at i2olb. 
working pressure, the temperature of the steam 
will be 350®, and with i81b. of air per lb of coal 
the difference in temperature between the water 
side and fire side of the boiler plates will be 
2350° ; but with air and coal in the proportion of 
30 to I the difference will be only 1400®, which in 
practice means that one square foot of grate in 
the first case radiates as^ much^ heat per unit of 
time as 2I square feet ’vvull radiate in the second 
case, and which can be further illustrated by say- 
ing, w'ith the 1 8 to I proportions of air and coal, 
iScwt. of coal will evaporate as much w^er as 
20cwt. will do when the air and coal are in pro- 
portion of 30 to I. 

Briefly, the furnace temperature is always pro- 
portionate to the ratio' between the air and coal 
supplied, and the heat transmitted to the water 
governed by such temperature ; we therefore have 
practical demonstration that the chief factor con- 
tributing to coal wastage is excess air over that 
required for practical combustion, and economy 
will be secured when the same care is taken in 
producing heat as in producing ever>" article we 
manufacture, correct proportions and the re- 
sults will then be right every time. 

In working any steam plant, or even when 
attending to the domestic fires, this broad fact 
should be recognised, that the first gases liberated 
from a new charge of coal will not ignite at a 
lower temperature ffian 900® ; therefore stoking 
should be done when the fires are clear and 
bright, and it will be found impossible to then 
produce black smoke; in fact, the emission of 
smoke from a chimney top spells inefficiency at 
the chimney bottom. Black smoke, k may also 
be useful to remember, contains two grains of 
carbon per cubic foot of gases, and as generally 
400 cubic feet of air is supplied per lb. of coal, 
black smoke takes away about 11 per cent of the 
coal used, during a black smoke period. 

Instead of the conditions briefly indicated as 
necessary for giving an overall efficiency of^ 80 
per cent, it is generally found that the boiler 
house is the one .place where chaos reigns 
supreme, as boiler efficiencies range from less 
than so per cent tploiiver 80 per cent; the lattfer 
figure will be attained by probably not more than 
3 per cent of our steam plants, throughout the 
country the average of which probably does not 
exceed 60 per cent, indicating an annual loss of 
nearly 50 million tons of coal, and the cause of 
this huge wastage!, as before stated, is due to 
more excess air than to careless stoking, such ex- 
cess being caused by conditions over which the 
boiler attendant has no control. 

It win quite clear, even to the lay mind, 
that the weight of coal burned in a given time is 
gbverned by the weight of air passing th^'ough 
the furnaces in that time, and yet we find that a 
Lancashire boiler yft diameter has 4 feet of 
gi:ate area} t^vfach square foot df for the 

products of “ combustion to paS(S through* ; tiiat a 
similar type of boiler 8ft. “distoeter has a ratio 
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New Photographic Method 


of 3*5 to I, and in a boiler gft. diameter, the latio 
is 27 to 1, and if -the 4 to i ratio is correct, the 
other two must be wrong. 

The reason for these vaiiable proportions be- 
tween areas of furnaces and outlets for the gases 
was brought about by the introduction of tapering 
the back ends of the furnace flues 50 years ago, 
and which has had the effect of not only reducing 
the duty of the boiler, but also its efficiency by 
making it possible for 27 square feet of grate in 
one boiler to burn as much coal as 4 square feet in 
another of the same type, though the chimney 
draught is the same. 

Years of experience have proved that the correct 
ratio between grate areas and outlets from the 
furnace flues for the products of combustion 
should not exceed 2 to i, and under such con- 
ditions each square foot of grate in a 7ft. dia- 
meter Lancashire boiler would give the same 
evaporation as i square foot of grate in a boiler 
gft. in diameter, and the same applies to Lan- 
cashire boilers of all sizes, hence the need for 
establishing a fixed standard of grate suitable for 
boilers of all diameters, as is done in the York- 
shire boiler ivith most satisfactory results, both 
in duties and efficiencies each square foot of grate 
in any sized boiler giving equal evaporation. 

We know the proportions of air and coal for 
producing a given temperature ; we know the ratio 
between grate and outlet from the boiler for the 
products of combustion to pass through for se- 
eming this temperature, and that heat trans- 
mission is proportional to the difference in tem- 
perature between the furnace and fire sides of 
the boiler plates; also that a square foot of plate 
transmits double the number of heat units in a 
unit of time when the water above it is actively 
boiling, than when stagnant. Knowing these 
facts and others, such as radiation, &c., there is 
no excuse for wasted coal, and if the recent 
stoppage of the coal mines has taught us the value 
of burning coal correctly, the country will even- 
tually benefit, though the lesson has been a most 
expensive one. 

A NEW PHOTOGRAPHIC METHOD OF 
RENDERING THE SOLIDITY OF OBJECTS 
IN SPACE. 

(PHOTO-STEREO-SYNTHESIS). 

By F. F. RENWICK, A.C.G.I., F.I.C., F.R P.S. 

Monsieur Louis Lumiere, to whom photographic 
science and practice are already deeply indebted 
for several epoch-making inventions, chief among 
which may be mentioned the practical realisation 
of kinematography and the invention of the 
famous Autochrome colour plate, has recently 
v^orked out an entirely novel method of obtaining 
photographic reproductions of solid objects which 
give remarkably lifelike impressions of relief. 
Hitherto the only satisfactory^ method of doing 
this was by the aid of the stereoscopic camera 
and stereoscope. Monsieur Lumiere^s new method 
is unlikely to become popular, but is undoubtedly 
very ingenious, and possesses great scientific 
interest, so that the striking example of his work 
which the Scientific and Technical Group Com- 
mittee has been able to obtain from Monsietir 
Lumiere for display at the Society's forthcoming 
Exhibition will be suie to excite attention both 
of members and of the general public. The fact 


that the specimen so kindly lent us is a poitrait 
of the Postmaster-General, Mr Kellaway,^ taken 
on the occasion of his visit to the Lyons Fair, will 
also doubtless add to the interest of the exhibit. 

The means by which these pictures are made 
was described in a communication to the French 
Academy of Sciences in November last, and pub- 
lished in the Commies Rendus (clxxi., 8gi), and a 
translation of this paper appeared in the British 
Journal of Pkotografhy for February 25 last 
(Iviii., no), so that it is unnecessary to describe 
the method in detail. The principle of the 
method, however, consists in the taking of a suc- 
cession of photographs with a special camera, 
whose lens and plate-holder are both kept moving 
during each exposure. The motion of the sensi- 
tive plate is so adjusted to that of the lens that the 
images of all objects in one particular plane re- 
main stationary on the sensitive plate, while the 
unsharp images of objects in other planes^ before 
or behind this, move to a greater or less extent, 
and so fail to produce a recognisable image on the 
plate. The lens is first sharply focussed and ex- 
posure made on the part of the object nearest the 
camera, and then, befoie each succeeding ex- 
posure, the camera is moved bodily forward on 
rails so as to bring into sharp focus a somewhat 
deeper plane of the object, till the whole thickness 
of it has been dealt with. 

In practice, Monsieur Lumieie has used 18x24 
cm, plates, and produces bust portraits half life- 
size. The lens is carried by a star-shaped panel, 
and is given a circular motion of 8 cm. diameter 
by the revolution of four cranks and spindles 
when driven by the simple belt and pulley 
arrangement. Somewhat longer cranks at the 
back of the camera carry the plate-holder, which 
is revolved in a circle of 12 cm. diameter by the 
same means. 

In the case of a half-size portiait like that of 
Mr. Kellaway, Monsieur Lumiere finds that six 
successive exposures suffice to give a satisfactory 
rendering of solidity. 

From these negatives six very thin positives aie 
made and arranged one behind another in a 
grooved frame in proper order and correctly 
spaced in accordance with the advances made by 
the camera between the successive exposures. A 
diffusing glass behind the asemblage of positives 
serves to produce even illumination from a lamp 
at the back of the whole. 

To view the picture properly, it is necessary to 
stand straight in front of it and to direct the gaze 
normally to the surface from a distance of several 
feet. In addition to the method by which this and 
other similar portraits have been produced, 
Monsieur Lumiere has also described another 
most interesting means by which these striking 
effects of solid relief could be produced. This 
second method, which is also described in the 
original paper referred to, is remarkably interest- 
ing for the reason that it foreshadows the possi- 
bility^ of iiroducing full scale copies of maps, 
drawings, or other plane surfaces of any size with 
a small lens. Owing to the fact that sufficiently 
accurately made Porro prisms were not available, 
Monsieur Lumiere failed to get satisfactory re- 
sults by this method, but it is to be hoped that one 
or other of our skilled optical insti'ument makers 
will undertake their production and open up the 
new possibilities wliicli the idea appears to offer. — 
Photographic Journal, August, igzi. 
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THE RELATIVE VOLUMES OF THE CHEMICAL ELEMENTS. 

By HAWKSWORTH COLLINS. Continued from Vol. cxdi., p 77- 

THIRD deduction.-The experimental facts concerning the following 76 moieties demonstmte^th^t 
one relative volume of H is iS'^S at iS C., for, whether Cl, Br, I, be 

CO2CH3, COsC.H,, CO3C3H,, CO2H or OH (13*29) m such molecules as those numbered i ii5 
displaced by H, the volume of this H-atom is always the same. 

Name & Chem. formula. 


Vols. of parts 


Theor. S.G. 


Observed S G 


50 


55 


Me Cl H— CHa —Cl 

Et Cl H— (CH,)3— Cl 

Pr Cl H— (CH,)3— Cl 

But Cl H— (CH,),— Cl 

n-Pent Cl H — (CHajs — Cl 

Hep Cl H— (CHa),— Cl 

Oc Cl H^(CHa)3-Cl , . 

In the following M stands for methylene (CHg) both in 
Its volume h always 16-42. 


15*25 — (16-42) — 23*01 
i5*25-~(i6*42)3 — 23*01 
15*25— (16*42)3— 23*01 
15*25 — (16*42)4—23*01 
15*25 — {16*43)6 — ^23-01 

15*25 — (16*42)7 — 23*01 

1 5* 25-7-( i6;42)a— 23*01 


0*924 

0*907 

0*897 

0*890 

0*885 

0*878 

0*876 


0*920 iS*" 
0*851 12" 

0*896 
0*887 20'^ 
0*883 20" 

0*874 I S' 

0*878 15' 


Vi. 

Rm. 

L. 

Lb. 

Lb. 

Sc. 

P. 


0*929 13° Vi 
0*923 15 ^ 

0*893 15'’ p 
0*897 14“ H 
0*896 o® Pr 
.*. 0*877 15° 
0*850 C. 


[60 


165 


170 


175 


180 


185 


igo 


195 


Et Br 
Pr Br 
But Br 
Am Br 
Hep Br 
Ethyl I 
Prop I 
Butyl I 
n-Pent I 
Hexyl I 
Kept I 
Octyl I 
Nonyl I 
Decyl I 
Et Amine 
But amine 
Amyl amine 
Hex atnine 
Oct amine 
M-nitril 
Pl-nitril 

Ste-nitril 

Me triaz 
Et nitrate 
Pr nitrate 
Et mercap 
But mercap 
Am mercap 
Et acetate 
Pr acetate 
Bu acetate 
n-Am acet 
n-Hex acet 
n-Hep acet 
n-Oct acet 
Me pelarg 
Et propion 
Et butyr 
Pr propion 
Et valerate 
Bu propion 
Am propion 
Et capro 
Et oenanth 
Et caprjd 
n-Hep prop 


H— M3 — Br 
H— M3 — Br 
H— M4— Br 
H— M3 — Br 
H— M, — Br 
H— M3 —I 
H— M3 —I 
H— M4 —I 
H— M3 —I 
H— M3 —I 
H— M; —I 
H— M3 —I 
H— M, —I 
H— Mu— I 
H— — NH, 

H— M4 — NH, 

H— M3 — NHa 
H— Me — NHa 
H— M3 — NH, 

H— Mu— CN 
H— Mu— CN 

H— Mu— CN 

H— M — N3 
H— M3 — NO3 
H— M3 — NO3 
H— Ms — SH 
H— Me — SH 
H— Me — SH 
H— M3 — COjCHe 
H— M, — CO3CH3 
H— Me — CO3CH3 
H— Me — CO3CH3 
H— Me — CO3CH, 
H— M, — CO3CH3 
H— Ma — CO3CH3 

H— M3 — CO.CHs 

H— M3 — CO3C3H3 

H— M3 —COeC^He 

H— Me — COaC^He 
H— Me — CO3C3H3 
H— Me — CO3C3H3 
H— Me — CO3C3H3 
H— Me — CO.CsH, 
H— Me — CO3C3H, 
H— M7 — COsC.He 
H— M7 — CO3C0H3 


15*25 — Ma — 27*00 
15*25 — Ms — 27*00 
15*25 — Me — 27*00 
15*25 — Mg —27*00 
15*25 — M7 — 27*00 

15*25— Ma— 32*75 
15*25— Ms— 32*75 
15*25— Me— 32*75 
15*25— M5—32*75 
15*25— Me— 32*75 
15*25 — Mj — ^32*75 
15*25— M3— 32*75 

15*25 — Me— 32*75 

15*25— Mi 3— 32*75 
15-25 — Ma — 16*42 
15-25 — Me — 16*42 
15*25 — Mg — 16*42 
15-25 — Me — 16*42 
15*25 — Ms — 16*42 
iS*25—Mi 3— 23*96 
15-25— Mu— 23*96 


the formula and in the relative volume. 

1*450 15“ P- 1*410 15** M 
1*350 0° Pr 
1*260 14® Dh. 

1*206 15*7 

1*133 16® 


1*438 

1*333 

1*260 

1*206 

1*132 

1-930 

1*748 

1*619 

I* 522 

1*447 

1*387 

1*338 

1*297 

1*263 

0*698 

0*75 

0*765 

0*776 

0*79 

0*827 

0*830 


1*419 15 

1*333 15^^ 


M 

Cs. 

M. 

Dh. 


1*931 15 
1*748 14 
1*617 20° B. 
1*517 20° Lb. 
1*466 0° Db. 
1*401 o® Db. 
1*338 16® Zi. 
1*287 16° Kr. 
1*287 o® Kr 
0*696 8° W. 
0*7553 o® Lb. 
0*772 o® PI. 
0*768 17® 
0*786 Sq 
0*828 19® 
0*822 si'' 


rgsi 14“ G. 

1*747; 16 L 

.*, 1*522 15® 
1*448 15" 
.*. 1*383 15“ 


1*260 t6® 
0*699 


Kr. 

Va 


0*762 15® 


15*25— Mu— 23*96 0-833 o*8i8 41' 


15*25 — M —32*63 0*89 

15*25— Ma —34*27 1*^55 

15-25— Ms —34*27 i’^3 

15*25 — Ma — 25*48 0*843 

15*25 — Me — 25*48 0*846 

15*25 — Mg — 25*48 0*847 

15*25 — Ma — ^49*71 ^‘900 

15*25— M3— 49*71 ^‘^93 

1 5*25 — Me — ^49* 71 O* 88 b 

15*25 — Mg — ^49*71 0*884 

15-25— Me -^9*71 
15-25— My— 49*71 

15-25— Ms— 49*71 0*876 

15*25— Ma —49*71 0*^76 

15*25 — Ma — 66* 13 0*893 

15*25 — Ms — ^* 13 0*888 

13-25 — Mg — 66*13 0*888 

15-25 — Me — 66*13 0*884 

15-25 — Me — 66*13 0*884 

15.25—Mg— 66*13 ' 0*881 
15*25 — Mg — 66*13 
15*25 — Me — 66*13 0*878 

15-25 — My — 66*13 0*876 

15-25 — My — 66*13 0*876 

AsBREViATitoKS. — Abj Ahrers J Arnbeim; Bb,^arbxer; ^H^Biochem 

Oabnner , El ' ' ‘ ^ - •« 

Kn, Korner, 

Pe, Pelouze; 

Warren; Wk, Walker; Ze, Zeise , Zi, Zincite. 


Pe 

077 15° 

Kr. 

0*824 25® Kr. 

Kr. 

0776 09° Kr 
• 0-830 15° 

Kr 

0-779 99° Kr 
0-835 15° 

Va. 

.*. o*8oi 15° 

K. 

Va. 

1*113 15® Ko 

Ze. 

o*8‘^o 20® N 

= Gr. 

0*858 0® Gi 

^ Ko. 

0*848 13° BH 

’ B. 

0*898 15® M 

‘ L. 

0-885 20° B 

‘ Lb. 

0*900 0® Lb 

Lb. 

, * , 0* 884 15® 

Ga. 

0*88 15° 

’ Cs. 

0*889 0® Ga 

Ga. 

* Zi. 

*. 0*875 15® 

’ L. 

0*891 15® Ir 

El. 

=* L. 

.*. 0*888 15® 

Lb 
“ L. 
El. 

0*878 18® c 

“ C. 

0*881 15® 

•5® c. 

878 15® 

® Fe. 

0*878 17® C 

Ga. 

0*874 15® 


o 896 8° 

I- 104 25® 

1*063 15“ 

O’ 842 15*^ 

0*843 16' 

0*840 17® 

0 *QOI 20' 

0*899 15' 

0*882 20' 

0*896 O® 

0*890 O® 

0*874 16' 

0*885 0® 

0*876 17' 

0*894 i7‘ 

0*899 o® 

0*888 13' 
o* 8 q 4 o® 

0*883 15 
0*888 o® 

0*878 19 
0*877 16 
0*874 15 
0*885 o® 

01, Beilstein, Cs, Cross, 

’ Ja, Jacobsen; Kg, Kruger, 




g6 Relative Volumes of Chemical Elements [ 



Name Sc Chem. formula. 

Vols. of parts. 

Theor. S.G. 

Observed S.G. 


Et pelarg 

H— Ma 

— COaCaHa 

15-25 — Ma — 66*13 

0-874 

0*873 15® De. 



n-Oc prop 

H— Ma- 

-COaCaHa 

15*25 — Mg — 66*13 

0*874 

0*883 0® Ga. 

.*. 0-873 15° 

205 

Et laurate 

H-M,, 

— CO2C2H3 

15-25 — Mu — 66*13 

0-870 

0*867 19° 1^0. 

0*870 15® 

n-Hep butyr 

H— M7 

— COaCaH, 

15-25— M7— 82-55 

0*874 

0-883 0® Ga. 

.. 0-872 15® 


Pr butyr 

H— Ma . 

— COaCaH^ 

15*25 — Ma — 82*^5 

0-884 

0-893 0® El. 

0-879 15® L. 


Pr capro 

H— Ma ■ 

-COaCaH,, 

15-25— Mu— 115*39 

0-878 

0*884 0° Ga. 

.*. 0-873 15® 


Butyl ale 

H— M, 

—OH 

15*25 — M4 — 10-21 

0 -8 i2 

o-8ii 15® L. 

0-810 20° B 

210 

Amyl ale 

H— Ma- 

—HO 

15*25 M, 10*21 

0*818 

o-8i8 15® C. 

o-8i8 14® De 


Hexyl ale 

H— Ma- 

—HO 

15*25 — Me 10*21 

0*823 

0-820 20° Lb. 

0-823 15® 


Heptyl ale 

PI— M, ■ 

—HO 

15*25 M7 10*21 

0*826 

0-819 23® Sd. 

0*830 16® Cs 


Octyl ale 

H— Ma- 

-HO 

15*25 — Mg 10*21 

0*820) 

0*830 16° Zi. 

0*837 o'" 2 


Nonyl ale 

H— Ma 

—HO 

15*25 — Mb — 10*21 

0*831 

0*835 10® Kr. 

0*828 20® Kr 

215 

Decvl ale 

H— M,o- 

—HO 

15*25 — Mjo — 10-21 

0*833 

0-830 20® Kr. 

.*. 0*833 15° 

Dod ec ale 

H— 

—HO 

15*25 — Mia 10*21 

0*836 

0-831 34® Kr. 

.*. 0*836 15° 


n-Alcohol 

H— Mu- 

-HO 

15*25 Mi 4 lO'CI 

0*838 

0*824 38° Kr. 

0*815 50° Kr 
. 0-838 15® 


n-Aicohol 


—HO 

15*25 — M,e 10*21 

0*840 

0*810 60° Kr. 

0-784 99® Kr 
0*840 15® 


n-Alcohol 


-HO 

^5*25 Mia — 10*21 

0*841 

0-812 59® Kr, 

0-785 99® Kr 
. 0-841 ,15® 

220 

Myris acid 

H— M,a 

— COaPT 

15*25 Mia— 23*80 

0 -Q 03 

0-862 54° Va. 

.*. 0-90 15® 


Palm acid 

H-M.a- 

-COJ-l 

15*25— Mia — 23*80 

0-897 

0-846 76® Va. 

.*. 0-89 15° 


Steal* acid 

H— M, 7 - 

—COaH 

1 5*25 — i '^17 — 23*80 

0-893 

0-852 69® Sh. 

0*843 80° Va 
*. o-8q9 15® 


Cerot acid 

H— Maa 

— CO2PI 

15-25 — Mas — 23*80 

0-88 1 

0*836 70° Va. 

.-. 0-88 15° 


Heptidene 

H-Ma 

— CaH 

i5*25—M5— 31-25 

0*746 

0*746 20® B. 


225 

Conylene 

H— Me 

— CaH 

15*25 — Mg — ^31-25 

0*76 

0-76 CK. 

0*770 0® Va 


Fourth Deduction. — The experimental facts concerning the following 24 molecules demonstrate 
that another relative volume of H is 12-22 at 15“ C., for, whether Cl, Br, I, NH^, CN, N3, NOj, 
SH, COaCHsj COaCgHg, CO2C3H7, OH(to*2i), Cali or COaH be displaced by H in such molecules 
as those numbered 150-— 225, the relative volume of the H-atom is always the same. 


The Paraffins, M stands for methylene (16-42). 


Formula. 

Vols. of parts. 

Theor S.G, 



Observed S.G. 



H— Ma- 

-H ... 

... 15-25.— M,— 

12-22 

0*573 

0*613 

-25 

" Lf. 


/. 0'*58 

15° 

H-Mg- 

-H ... 

... 15-25— M.— 

12*22 

0*623 

0*624 

-I® 

Lf. 




H-Me- 

-H ... 

... 15-25— M,— 

T2-22 

0-683 

0*678 

15° 

Sc. 

0*698 14® Lc. 



H— M7- 

-H ... 

... 15-25— M,— 

12-22 

o* 702 

0*702 

14° 

Lc. 




^ 3 oH~Ma - 

~H ... 

... 15-25— M,— 

12-22 

0*718 

0*719 

17" 

Sc. 

0*716 15° T. 



H— Mb- 

-H ... 

... 15-25 — M. — 

12-22 

0-730 

0*731 

16® 

Lm. 

0*733 0® LB. 



H-Mio- 

■~H ... 

.. 15-25— M„— 

12-22 

0-741 

0*732 

20® 

Lc. 

0*753 16® Lm. 



H— Mu- 

-H ... 

.. 15-25— M„— 

12*22 

0*750 

0*745 

15 ° 

Kr. 

0*758 20® Va. 



H~-Mia- 


... 15-25— Ml,— 

12*22 

0*757 

0*755 

15° 

Kr. 

0*768 20® Va. 



235H— Mia- 

-H 

... 15-25 — M„— 

12*22 

0*764 

0*761 

15° 

Kr. 




H— Mie- 

-H ... 

.. 15-25— Mi4— 

12*22 

0*769 

0-768 

15° 

Kr. 

0*775 5® Kr. * 



H— Mi«- 

-H ... 

... 15-25- M,.— 

12-22 

0*774 

0*772 

is'" 

Kr. 




H— -Mie- 

-H 

.. 15-25— M„— 

12*22 

0*779 

0*775 

18® 

Kr. 




H Mi 7 - 

-H 

... 15-25— Ml,— 

■12*22 

0*783 

0-776 

22° 

Kr. 

0*771 30® Kr. 

.*. 0*782 

15° 

240H — Mia- 

— H 

... 15-25— Ml,— 

U2*22 

0*786 

0*777 

28® 

Kr. 


.*. 0*786 

IS' 

H-Mib- 

^H ... 

... 1 5- 25— Ml,— 

■12*22 

0*789 

0*777 

32° 

Kr. 

0*772 40® Kr. 

.*. 0*789 

15 ° 

H— Mao- 

-H 

... 15-25— M,„— 

-12*22 

0*792 

0-778 37' 

Kr. 

0*749 80® Kr. 

.*. 0*792 

15° 

H^Mai- 

-H 

... 15-25— M„— 

■12*22 

0*795 

0-778 40° 

Kr. 

0*740 99® Kr, 

0*795 

15° 

H — Maa- 

-H 

... 15-25— M„— 

-12*22 

0*798 

0-778 44° 

Kr. 

0*742 99® Kr. 

0*799 

15° 

245 H — Maa- 

-H 

... 15-25— M„— 

-12*22 

o*8oo 

0-778 47° 

Kr. 

0*746 99® Kr. 

.*. 0*800 

15° 

H — M24- 

... 

. . 15-25- M,4— 

-12*22 

0*802 

0 - 77 Q 

51° 

Kr. 

0*748 99® Kr. 

.*. o*8o2 

15° 

H — ^May- 

-H 

... 15-25— M„— 

-I2’22 

0*807 

0*780 59® 

Kr, 

0*754 99 ^ Kr. 

.*. 0*809 

15' 

H— M„- 

-H 

... 15-25— M„— 

-12*22 

0-813 

0*781 

68® 

Kr. 

0*762 99® Kr. 

.*. 0*817 

15' 

H— M„- 

-H 

... 15-25- M„— 

-12*22 

0*814 

00 

. tv 

b 

70® 

Kr. 


.*. 0-817 

15' 


Fifth Deduction. — Methyl has the volume 31*67 former will be called the “first position,” and the 
( — 16*42+15*25) at one end of a carbon chain, and latter the “second position.”), 
the volume 28*64 ( = 1642+12*22) at the other end. As said before, it is evident that perfect regu- 
Sixth Deduction.-— When an atom of hydrogen, larity in the relative volumes of molecules exists 
whose volume is 15*25, is displaced by CHa, the at the temperature of 15® C. ; so that it is quite 
volume m the latter is 16-42+15*251 and when an plain that Kopp^s very inaccurate conclusions with 
atom of H, whose volume is 12*22, is displaced by regard to the relative volumes of molecules at 
CHg, the v^ume of the latter is 16*42+12*22. their various boiling points have misled scientists 

Seventh Deduction. — The two valencies of car- for more than half-a-century. 
bon ^ far concerned are distinguished from one It is necessary to remember that it is impossible 
another by the fact that H has the volume 15*25 to find exact regularity in 250 molecules, if it is 
in one position, and 12*22 in the other. (The not really there to be discovered. 
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There is. no other explanation possible of the 
above results than that an atom of hydrogen 
occupies a volume of 15*25 in the first position of 
the carbon atom, and of 12*22 in the second 
position. 

If chemists like to consider that these two 
volumes include co-volumes, they must then admit 
that these atoms are differentiated by their co- 
volumes. 

The exact volumes of the two H-atoms in 
methylene (CH^) will be shown later, and it will 
then be seen that the four valencies of carbon 
can easily be differentiated. They will also be 
differentiated in other ways. 

The doctrine that the four valencies of carbon 
are indistinguishable from one another is the 
greatest stumbling-block that has ever been placed 
in the way of scientists, and accounts for the 
apparently inextricable confusion in the higher 
regions of chemistry. 


THE BEHAVIOUR OF SUBSTANCES NEAR 
THE ABSOLUTE ZERO. 

By WILLIAM R FIELDING, M.A , M Sc., Viet. 

Senior Science Master at King Edward VII School, Lytham. 


The present paper is an application of the author’s 
previous results (described in Chemical News, 
Vol.cxx., No. 3136; VoL exxii., No. 3170) to 
several substances in the neighbourhood of the 
absolute zero. 

Recent work by Kamerlingh Omnes, and 
Keesom (1Q15) has provided us with the following 
specific heats for lead at very low temperatures, 
T S 

46® A. 0*0242 

22® A. 0*0143 

14® A. 0*0075 




Absolute Atomic We/ghts. 
(Po/ymertcular Weights at the absolute zero.) 



This matter will be kept absolutely free from 
conjecture, and every deduction which is demon- 
strated will be supported by overwhelming evi- 
dence obtained from the experimental numerical 
data of other men. 

When the same individual both performs the 
experiments and also reasons upon the results, 
there is a danger that his experimental figures 
may be unconsciously influenced by his precon- 
ceived ideas. 

(To be continued). 


In a paper in the Philo so fhicul Magazine for 
May last, Mr. A. H. Compton describes a new 
methbd for the calculation of short wave-lengths 
by which he has been able to measure the wave- 
length of Hard Gamma Rays, the value deter- 
mined for rays that have passed thrt>ugh 8 mm, 
of lead is from 0*025 to 0*030 Angstrom units. 


There are three ways of estimating specific 
heats between 14® and o** A. 

(1) From the specific heats curve the specific 
heat of lead appears to be zero at about 6® A. 

(2) If we plot the above specific heats against 
absolute temperatures, and produce the curve to 
o® A., the following specific heats are obtained : — 


T 

s 

10® A 

0*0053 

5° A. 

0*0027 

4" A. 

0*0022 

2® A 

0*0012 

t® A, 

0*00005 


{3) We can apply Debige’s Law (atomic 
heat=^T’) below 14® A,, and get the following 
values : — 
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Table I. (Lead). 


Melticular 


- Specific Heats.- 


T 

Weight 

R. 

St. 

I 


II 

P 

III. 

P 

0 







18? 

3-4000? 

2 

I 

0-0048 

0*0149 



0-0012 

12*4 

0*0000218 

685 

4 

3 

0*0144 

0*0224 



0-0022 

10*2 

0*0001747 

129 

5 

4 

0*0192 

0*0238 



0*0027 

8*8 

0*00034 

70 

6 




0-0 

TO 





10 

8 

0*0384 

0*0239 

0*0053 

4*5 

0-0053 

4*5 

0*00273 

8*75 

*14 

12 

0*058 

0*0257 

0-0075 

3*43 

0*0075 

3*43 

0*0075 

3*43 

*22 

21 

0*101 

0*0285 

0-0143 

2 

0*0143 

2 

0*0143 

2*00 

*46 

51 

0*245 

0*0331 

0*0242 

1*37 

0-0242 

1*37 

0*0242 

1*37 

*92 

117 

0*562 

0*0380 

0*0285 

1*33 

0-0285 

1*33 

0*0285 

1*33 




*Specific heats 

actually observed. 





Table IL (Water). 


T 

Weight, 

R. 

Sp. 

I 

b 

apcvij 

11 

p 

III 

P 

0 





30? 

0*0 

140 ? 


? 

2 

I 

0* 166 

0-516 



0*005 

103 

0*000008 

64500 

4 

3 

0-5 

0*78 



0*01 

78 

0*000063 

12400 

5 

4 

0 ' 6 €} 

0-82 



0-013 

63 

0*000125 

6530 

10 

8 

1*33 

0*827 



0-03 

27*6 

0*00 1 

827 

20 

i8*5 

3* 08 

0*958 



0-058 

16-52 

0*0077 

124 

*53 

60 

10 

1*232 

0*146 

8-44 

0-146 

8-44 

0*146 

8*44 

*140 

214 

35*6 

1*510 

0-2% 

5*30 

0*285 

5*30 

0*285 

5*30 

*225 

330 

55 

1*529 

0-463 

3*30 

0-463 

3*30 

0-463 

3*30 

*273 

414 

69 

1*556 

0-304 

3'o8 

0-504 

3*08 

0*504 

3*08 


Table III. (Copper). 



Melticular 



r- 


Specific Heats 


— 

T, 

We^ht 

R 

St 

I 

P 

II 

P 

III 

P 

0 







1200 ? 



2 

I 

0*0 i6 

0-05 



0* 00006 

833 

0*000002 

25000 

5 

3*8 

o*o6 

0*07466 



0-00015 

500 

0*00003 

2486 

10 

8 

0*127 

0*079 



0-0004 

198 

0*00024 

330 

12 




0*0 

150? 





*15 

13*5 

0*214 

0*087 

o*ooo8 

iOQ 

0-0008 

log 

0-0008 

109 

*22 

20-5 

0*325 

0*094 

0-0022 

42*7 

0-0022 

42*7 

0*0022 

42- 

*330 

* 518 

8*2 

0*1545 

0*0933 

1*67 

0*0933 

1*67 

0-0933 

1 - 


T s 

10® A, 0'00273 

5^ A. 0-00034 

4*’ A. 0-0001/47 

2® A. 0-0000218 

1 A. 0-0000027 

The values of f (degree of polymerisation) cal- 
culated from each series of specific heats are 
widely different (see Table L). 

The serious objection to the third set of results 
is their magnitude, for between 10 — 0° A. each 
lead polymer of (Pba^) is transformed into a huge 
one of (Pb,-4g0^) — a miracle of molecular activit\^ ! 
The second result, where 2> = i8, appears to be not 
unlikely. 

The results for water are also obtained in the 
same three ways (see Table II.). 

The third set of values seem beyond tbe reach 
even of the imagination, and the second set give 
water a polymericular weight of 140X 18=2520 at 
the absolute zero. The behaviour of other 
elements, referred to later, makes ^=30, a more 
probable value. 


The values of f for copper are given in Table 
III. 

The results for carbon (diamond) are obtained 
in the same way, but are very much larger in 
magnitude. Thus, the most likely polymericular 


weights are : — 

I n 

Water (m p. 273®) 540 2520 

Lead (m.p. 600®) 145b 3744 

Copper (m.p, 1350®) ... 9450 75600 


The former values, based on experimental re- 
cords to almost the absolute zero, are tentatively 
accepted as correct. 

If w'e plot these values against melting points 
we obtain (by interpolation) possible values for 
p for other elements at the absolute zero. 

The curve (Fig. I.) is constructed from the 
following data : — 

Absolute Molecular 
Weights 

T P (Polymericular Weights) 

Copper (1350®) ... 150 9450 

Lead (600®) 7 1456 

Water (273®) ... ... 30 54o 
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The curve can be extended in either direction 
by finding f for other elements of higher or lower 
melting points. 

^ has a periodic value as will be seen from the 
following groups. 

Group I. 

Polymericular p 


M.P. 

Element 

Weight. 


4 o 9 

Li 

QOO 

128 

371 

Na 

800 

35 

335 

K 

640 

16-f 

1356 

Cu 

9450 

150 

311 

Rb 

600 

7 + 

1233 

Ag 

7200 

66-6 

299 

Cs 

560 

4*2 

1336 

Au 

QOOO 

45 


Group V. 




Polymericular 

P 

M P. 

Element 

Weight. 


63 

N 

450? 

32 + 1 

317 

P 

600 

19+ J 


V 



1123 

As 

5600 

1 76+ 


Nb . 



903 

Sb 

3500 

! 30 


Ps 


* 


Ta 



S04 

Bi 

1180 

\ 57 


The transitional elements, arsenic, antimony, 
and bismuth, thus form a separate sub-group. 


M.P. 

Group VI I. 

Polymericular 


Element 

Weight. 


50 

F 

450 

24- 

171 

Cl 

500 

14 

266r 

Br 

530 

6*6 

387 

I 

800 

6*3 

f for mercury will only be about 

2+ at the abso- 


lute zero, whereas argon will be about Arjo, and 
helium still more highly polymerised. 

Benzene will be about naphthalene 

{CioHgjs-e, and anthracene (C^Hjols-s- Acetic acid 
may be (CHjCOOH)io. 

NoUs, 

(1) If the values of ^ had been calculated from 
Debige’s specific heats, they would all have been 
enormously higher. 

{2) Certain discrepancies, e,., the low value for 
naphthalene, would disappear on plotting poly- 
ihericuiar weights against absolute boiling-points. 

(3) The curve would be still more reliable if it 
were based on the behaviour of, say, half-a-dozen 
substances. 

(4) The numbers of atoms in the benzene, 
naphthalene, and anthracene polymers at 0° A are 
about 84, 100, and 132 respectively. 


PRINCIPLES GOVERNING THE GRANT 
OF MINER. 4 L CONCESSIONS IN INDIA. 

By The Hon. biR THOMAS H. HOLLAND, 

K-C-S.I,, K.C I.E., D.Sc„ LL.D , F.R.S. 

It is the business of a mining company to moke as 
much profit as possible out of a mineral deposit 
during the period of its mining lease ; it is the 
business of Government to safeguard a i^tional 


asset of vital importance which cannot be replaced 
or renewed. But it is better for a country that its 
mineral deposits should be worked than that they 
should be left lying idle in the ground. The 
problem before Government, therefore, or before 
any large owner of mineral rights, is to frame 
conditions for the grant of mineral concessions 
which will ensure a fair return to the State, with- 
out undue waste, and yet be liberal enough to 
attract the investor in mines. 

The mineral policy of a Government is thus the 
choice of a judicious mean between extravagance 
and conservatism. And as the values of minerals 
vary with the industrial development of a country 
and that of the countries with which it is in trade 
communication, this judicous mean wll gradually 
shift its position between the two extremes. Yet, 
to attract the investor, stability of policy is also 
necessaiy*; and thus, whilst the rules for the grant 
of mineral concessions should be modified from 
time to time to safeguard the interests of the State, 
frequent changes which will unsettle private 
enterprise must be avoided. 

In a coimtr\’ as large as India, a mineral that 
is workable in one province may be unworkable in 
another, where fuel may be scarce, means of 
transport undeveloped, or markets unobtainable. 
Thus, some local variations in the conditions for 
the grant of mineral concessions may be neces- 
sary ; yet, because the development of one mineral 
is often not possible without the simultaneous 
development of another, the rules should prescribe 
limiting conditions sufficiently narrow to ensure 
a judicious degree of uniformity over wide areas. 

The whole problem of framing and workng a 
mineral policy for all India is, thus, the choice 
of a judicious mean in all things — rents, royalties, 
terms, areas, and conditions of tenure. 

As justification for conservatism j the Govern- 
ment has to realise : — 

(1) That mineral products are essential for the 
maintenance of modern civilised activities; when 
they approach exhauston, the country will be 
absolutely dependent on foreign sources. 

(2) That a mineral once worked is lost to the 
country for ever : nothing can renew a mineral 
deposit. 

(3) That the miner works only those parts of the 
deposit that are commercially profitable at the 
time, often leaving behind far larger quantities 
of the same mineral in a condition even less fitted 
than before for profitable exploitation; a mineral 
deposit which is not worth working to-day may 
become of great value when processes are im- 
proved, or when, through industrial development, 
local markets become changed. 

(4) That, when a company obtains a mining 
lease, the State, as the owner of mineral rights, 
goes into effective partnership with the company. 
The State contributes the mineral deposit as its 
share of the capital, whilst the mining company 
provides the working capital. At the end of the 
lease, when mineral deposit has been worked 
out, the State’s share of the capital has dis- 
appeared, whilst the mining company has secured 
the profits, and, if successful, has redeemed the 
whole of its investment. A mineral deposit, there- 
fore, becomes f wasting State asset from the date 
on which it is leased to an active mining com- 
pany, and the only compensation that the State 
obtains for the exhaustion of its mineral deposits 
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is {a) the royal t>' paid, and (b) the money spent 
in local \roA. As the royalty rates now pre- 
scribed in India are rarely more than one-fortieth 
of the actual mineral values, the return to the 
State under present conditions is less than the 
potential value of the mineral ; for the royalty is 
paid on the mineral actually sold by the miner, | 
and not on that left behind through his bad work- 
ing, or because, at the time, 9 ie deposits are 
locally too poor to be worth exploitation. 

The whole process of mineral exploitation is, 
thus, essentially wasteful : large quantities of rich 
mineral are left behind for various reasons ; 
larger quantities are damaged by disturbance of 
the ground in mining ; a large percentage of each 
mineral is lost during the process of dressing for 
the market or the smelter; and, in the case of 
ores, a serious percentage is lost in the process of 
smelting. Finally, the refined product is used in 
the Arts, and thus scattered too widely to make it 
payable to collect again into workable form. A 
workable mineral deposit is the product of natural 
processes of concentration w'hich have been going 
on for geological ages; but the results of these 
slow processes are undone in a few years by the 
miners w’hose every mistake is irreparable. It 
has been well said that, whilst the results of bad 
farming can be recovered and the fertility of 
damaged land can be renewed, there are no ferti- 
lisers for worked-out mines. 

As justification, on the other hand, for liberality^ 
it is necessary' to remember : — 

(1) That most mining enterprises are highly 
speculative, and the investor wants the encourage- 
ment of generous terms before he will risk his 
capital in an unproved country’. 

(2) That most of the capital is sunk in an irre- 
coverable form : the miner cannot sell under- 
ground galleries and shafts in the open market; 
he must, therefore, hope to recover his capital 
outlay from profits and that in a relatively short 
period. 

{3) That, unless a miner can now and then reap 
the benefit of an occasional windfall, he will nor 
be justified in writing off the losses due to the 
large number of unlucky ventures which seem to 
be the constant accompaniments of mining enter- 
prises. 

(4) That mineral products are essential to most 
industries, and it is much better to use them even 
wastefully than to leave so much national capital 
lying idle , — Journal of Indian Industries and 
Labour^ May, 1921. 


The June and July issue of the Journal of the 
Franklin Institute contains a paper that was pre- 
^nted at the Annual Meeting of the Jnstitute held 
in January, by John E. Lieb, M.E., detailing the 
remarkable discoveries and experiments of 
Leonardo da Vinci in engineering. The article 
is very fully illustrated. The multiplicit>' of 
devices is remarkable, and include a cyclometer, 
a pedoineter, a dynamometer, a spring-driven 
automobile, a friction-driven fire escape, and 
wings for a fiying machine. Numerous extracts 
from his diary show that he lived much in 
advance of his time, and many of his devices are 
of present-day interest. 


of the Future 

FUEL PROBLEMS OF THE FUTURE.* 

By Sia GEORGE T. BEILBY, F R.S. 

Turning now to oil, the other great natural source 
of fuel, we find that the world^s output for 1920 
was about 97 million tons, of which the 

Per cent 


United States produced ... 64*8 

Mexico 23-3 

Russia 3-5 

Dutch East Indies 2*5 

India 1*2 

Roumania ri 

Persia i*o 

Countries producing less 
than 5 per cent 2*6 


lOO’O 

The oil output therefore amounted to 7 per cent 
of the fuel output of the world, reckoned in tons 
If reckoned in potential therms, the figure would 
be raised to 10 per cent. 

As the United States has extensive oil interests 
in Mexico, it may be taken that last year she con- 
trolled 75 to 80 per cent of the total output of 
the world. It is therefore significant that, in 
official quarters, grave anxiety has been expressed 
as to the probable exhaustion of these resources in 
view of the rapid development in the use of motor 
spirit for road transport and of fuel oil for trans- 
port by sea. 

While we are justified in discounting to some 
extent the elements of popular panic which have 
been obvious in much that has appeared in tech- 
nical journals, as well as in the daily Press, the 
fact remains tha^, but for the rapid development 
of production in Mexico, and the extensive in- 
terests of the United States in this production, the 
actual danger of shortage in America would have 
already become more acute. 

The following extract from a statement by Mr. 
J. O. Lewis, Chief Petroleum Technologist to the 
United States Bureau of Mines, expresses so ver>’ 
clearly the American view of the oil problem of 
the future that I cannot do better than quote it 
in extenso. No mere paraphrase ivould convey 
the same impression of reality. 

“The United States Geological Survey during 
the last ten years has made several estimates of 
the quantity of oil left in our old fields. The 
most recent estimate — that of David White — indi- 
cates that about 40 per cent of the oil had been 
i brought to the surface, and that the 60 per cent re- 
maining underground, if recovery as needed were 
p(Ksible, would last barely 20 years at the present 
rate of consumption. As the period in which an 
oil field can be made to yield its oil is not wholly 
within the control of man, the domestic produc- 
tion will undoubtedly be spread over a much 
longer period than that estimated; but, on the 
other hand, the peak of production will be passed 
long before 20 years, and thereafter production 
will be at a declining rate Of course, such esti- 
mates are by no means infallible, as many obscure 
factors are involved. However, this statement 
represents the opinion of the agency best quali- 
fied to make sucffi an estimate, and is indicative of 
a condition which, were there no other solution 
to the problem, w’ould be highly unsatisfactory, 

•Pelivereti in the theatre of the Institution of Civil Engineers, 
London# Inserted by favour of the Gas Journal, June 29, 1921. 
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and would be viewed by the automotive industry 
with the greatest concern. For, even were the 
estimate unduly pessimistic, and the actual re- 
serve twice that shown, the condition would still 
be unsatisfactor5^ 

The preceding statement refers only to the oil 
from oil wells in the United States. Fortunately 
there are enormous undeveloped resources in the 
rest of the world. The petroleum resources of 
this country have been developed and depleted in 
a ratio far beyond that of other coxin tries, so that 
although we are producing to-day two-thirds of 
the world's production, the opportunities else- 
where for increasing production are much greater 
than in the United States. Geologists and those 
well informed on foreign resources believe that 
in all probability the world contains enormous 
reserves of oil that can be obtained upon demand. 
Although to obtain oil from these reserves may 
not be as satisfactory as to obtain it within the 
confines of the United States, the outlook tends 
to assure the future of the internal combustion 
engine. 

Fortunately, oil may be obtained from other 
sources than oil fields. In various parts of the 
United States, particularly in Colorado, _ Wyom- 
ing, and Utah, are enormous bodies of oil shales 
from which oil may be obtained by destructive 
distillation, as benzole is obtained from coal. 
The United States Geological Survey has esti- 
mated the quantity of oil locked up in the richer 
shales of the three States mentioned as perhaps 
ten times the amount of the oil reserve in the oil- 
fields. In Scotland, the retorting of oil from oil 
shales has been on a commercial basis for more 
than 50 years, and antedates the oil industry in 
the United States. Commercial and semi-com- 
mercial experiments are being made in order to 
determine whether the oil shales of the Westera 
States can be mined and retorted profitably in 
competition with petroleum from oil fields. This 
problem has not yet been solved ; but these shales 
constitute a latent reserve that protects the future 
needs of the country for motor fuel as far as these 
needs can be foreseen. However, oil cannot be 
obtained from the shales on a large scale without 
heavy investments; and the development of the 
industry must be spread over many years. Also, 
when that time comes, the consumer will probably 
have to pay more for his gasoline. 

As regards the question of substitutes, if prices 
of petroleum products advance sufficiently, alco- 
hol may become one of the motor fuels of the 
future. The efficient use of alcohol requires, 
however, certain modifications in the pre- 
sent design of the mobile internal combustion 
motor. Moreover, large quantities of lubricants 
are required, in addition to motor fuel. Hence 
it seems desirable to continue to depend on crude 
oil as a principal source as long as possible, 
especially as crude oil is the only known satis- 
factory raw material yielding both motor fuel and 
lubricants. 

Briefly, motor fuels may be obtained from four 
possible sources: (i) Petroleum from our own 
wells; (2) petroleum from wells in foreign 
countries; ts) from our oil shales; (4) gasch 
line substitutes. As to the first, there is serious 
but not immediate concern. As to the second, it is 
believed that there remain enormous potoitiai re- 
serves outside the United States. As to the 


there are known deposits of oil shales which, in 
three States alone, promise to yield many times 
more oil than will be ever be recovered from our 
oil wells. As to the fourth, it is probable that 
eventually alcohol could meet our needs should 
gasoline fail. Thus, while there is concern over 
our own domestic supplies of petroleum from oil 
wells, there is no concern as to the ultimate 
supply. There may be critical periods when one 
source fails, and bgfore another has been deve- 
loped ; also It is not unlikely that when our own 
wells fail, and we have to fall back on oil from 
foreign coutries or oil shales, we shall have to 
pay naore for our motor fuel. 

in view of this reference to alcohol as a probable 
substitute for motor spirit, it may be well here to 
refer to the action of the British Government in 
this connection. 

In view of the national importance of the sub- 
ject, Mr. Walter Long appointed a Committee in 
October, igiS, to report upon : 

(1) The various available sources of supply of 
alcohol, the methods of manufacture, and the cost 
of the product. 

(2) The sintability of alcohol, either alone in 
admixture with solid, liquid, or gaseous combus- 
tible substances, for use in internal combustion 
engines, and the modifications of the existing 
types of^ such engines which may be necessary' to 
the attainment of efficiency. 

(3) The question of denaturing the alcohol, and 
the alterations to be made in the present Excise 
Bill. 

_ The Committee obtained much useful informa- 
tion of a preliminarj^ nature; and in June, iQiq, 
they issued a report which was presented to 
Parliament on June 30. 

One of the recommendations of the report was : 
'^That an organisation should be established by 
the Government to initiate and supervise experi- 
mental and practical development work, at home 
and overseas, on the production and utilisation 
of power alcohol, and to report from time to time 
for public information on all scientific, technical, 
and economic problems connected therewith." 

This^ report was in due course considered by the 
Committee of Council for Scientific and Industrial 
Research, who r«:ommended the Fuel Research 
Board to continue the investigation of the 
problems. 

As a first step in these inquiries, the Fuel Re- 
search Board recommended the appointment of 
Sir Frederick Nathan as Power Alcohol Investi- 
gation Officer. This appointment was confirmed 
by the Lord President on December 17, igig. 
Since his appointment. Sir Frederic Nathan has 
devoted his whole time to these inquiries, and has 
been in close touch with the Government Depart- 
ments interested * in ^ questions involved. 

In July, 1920, an Interim Memorandum on ^ 
**Fuel for Motor Transi^rt" was published by the 
Fuel Research Board, in which the situation at 
that date was summed up as follows : — 

“The main k>urces of alcohol are vegetable 
materials containing starch or sugar; and practi- 
cally all the alcohol for" potable and 
purposes is now made from grains or niolasses. 
Before the war, large qualities of alcohol were 
made in Gem^y from potatoes, speknally grown 
for the purpose. 

Alcohol can also be pitiduced from the ferment- 
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Quantities. 

Required for United Kingdom 

Acreage. ♦ 

Required for 

Raw Matenal. 
Average Price Cost per 


250 Million 

Production, 

250 Million 
Gallons.! 

Under Crop 

per Ton, 

Gallon of 


Gallons 

Tons. 

Tons 

m 1919 

£ s. d 

Alcohol: 
s. d. 

Gram (barlev) 

4,170,000 

1,288,035 

5,5935293 

1,870,087 

2140 

7 0 

Potatoes 

... 12,500,000 

6,312,000 

2,118,644 

1,218,774 

8 TO 6 

8 6 

Mangolds 

.. 25,000,000 

7,769,000 

1,282,513 

471)759 

I 10 0 

3 0 


♦Total arable acreage o£ the United Kingdom— about 21 million acres 
i Based on ten years’ average yields 


able sugars formed by the hydrolysis of wood 
cellulose, and synthetically from calcium carbide, 
or from the ethylene contained in coke-oven and 
coal gas. The quantity of waste wood in this coun- 
try' for alcohol production is, however, negligible. 
Calcium carbide is impossible, as it cannot be 
produced in quantity without cheap power; and the 
recoveiy' of ethylene from coke-oven and coal gas, 
and its conversion into alcohol, are still in the 
experimental stage. At the present time, there- 
fore, none of these three sources of supply is of 
appreciable commercial importance in this 
country'. 

The vegetable materials growable in this 
country from which alcohol could be made are 
grain (barley), potatoes, and mangolds; and the 
following figures relating to the production of 
« 250 million gallons of qs per cent alcohol are 
interesting (see Table above). 

These figures are not encouraging; and gener- 
ally it may be stated that the production of alco- 
hol in any considerable quantities from vegetable 
materials grown in the United Kingdom is not 
economically possible owing to : (i) Insufficient 
acreage; (2) the high cost of cultivation and 
harvesting; (3) the high cost of manufacture; and 
(4) the fact that the most suitable raw materials 
are also important foodstuffs. There is for these 
reasons no prospect of replacing any considerable 
quantity of petrol by home-produced alcohol. 
Moreover, it is unthinkable that land, for even a 
fraction of the quantity of the raw materials 
in the above Table, could be used for such a pur- 
pose, when in the matter of food production, a 
week-end supply only is assured from our ovra 
land. 

iTo be continued). 


CHEMICAL NOTICES FROM FOREIGN SOURCES- 


ComfUs Rendus Hehiomadaites des Seances de 
V^cademie des Sciences, Vol. clxxiii. , No. 4. 

J^Critical Potentials and Band Spectra of 
Nitrogen.^’ — By MM. L 4 on and Eugene Bloch. 

“The Conductivity of a Solution of Eupram- 
monium Citrate compared with that of Copper 
Sulphate ” — Bv MM. F Beaulard de Lenaizin and 
L. Maury. 

“Flocculation of Colloidal Arsenic Sulphide In- 
fluence of the Dilution of the Electrolyte and of 
the Quantity of the Electrolyte.’’ — Bv MM. A 
Boutaric and M. Vuillaume. 

“Compounds of the Halogen Derivatives of 
Mercury’ and Thallium.”’ — Bv MM. J. Barlot and 
Fenot. 

“Sulphonations in Presence of Iodine.” — By M. 
V, Auger and Mddle. M. Vary, 


NOTES. 


Institute of Metals. — The following is the 
Programme of the more important arrangements 
at the Autumn Meeting, Birmingham, September 
21 to 23, ig2i. 

Tuesday, September 20 — The Office of the Hon. 
Local Secretary' (Mr. G, W. Mullins, 
M.B.E.), will be open at the Municipal 
Technical School, Suffolk Street, Birming- 
ham, for the issue of tickets, badges, &c., 
and for general information. 

Wednesday, September 21. — General Meeting 
of Members in the Examination Hall, 
Municipal Technical School, Suffolk Street, 
by kind permission of Dr. W. E. Sumpner, 
Principal. The Lord Mayor of Birming- 
ham, Alderman William A. Cadbury, will 
open the Meeting with a brief address of 
welcome. Papers will be presented and 
discussed. Members assemble at the 
Grosvenor Rooms, Grand Hotel, Colmore 
Row, for Luncheon, by kind invitation of 
the Metal Trades’ Association, viz., Brass 
and Copper Tube, Brass Wire, Brass- 
founders Employers’, Brazed Brass Tube, 
Bntish Aluminium Hollowware Manufac- 
turers’, Cold Rolled Brass and Coppier, and 
Nickel Silver Associations. Visit to the 
University. Reception by the Vice- 
Chancellor of the University (Sir Gilbert 
Barling, Bart., C.B., C.B.E.) in the Great 
Hall; Address by the Principal (C. Grant 
Robertson, Esq., C.V.O., M.A.). Civic 
Reception by the Lord Mayor {Alderman 
W. A. Cadbuiy^) in the Cit>' Art Gallery. 

Thursday, September 22. — General Meeting of 
Members. Papers- will be presented and 
discussed as time permits. Slembers meet 
at tram termini or railway stations (as per 
Local Reception Committee’s later pro- 
gramme) for visits to works Reception for 
Garden Party at the Botanical Gardens, 
Edgbaston. 

Friday, September 23. — Motor Excursion to 
Kenilworth, Warwick, and Stratford. 

In view' of an expected considerable accession of 
new members in connection with the Birmingham 
Meeting, a Special Council Meeting is being held 
in London on September 7, for the purpose of 
considering Applications for Membership. ^ All 
applicants for membership w'hose forms are in the 
Secretar>'’s hands before noon on September 7 will 
be entitled to take part in the proceedings in con- 
nection '^vith the Birmingham Meeting. Members 
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are asked by the Council to be good enough to 
convey this information to any of their friends 
who may be eligible for membership of the Insti- 
tute, or send the addresses of such friends to the 
Secretary. The new List of Members is available 
upon request being made. A large number of 
papers are promised, and we hope to publish 
abstracts as soon as they have been read. Visits 
have been arranged to the following works : 
Alldays &: Onions, Small Heath; W. & T. Avery, 
Ltd., Soho Works; Beiliss & Morcom, Ltd., Lady- 
wood; Birmingham Small Arms Co. Ltd., Small 
Heath; Cadbury Bros., Boumville; Earle, 
Bourne & Co., Ltd., Heath Street South; Elking- 
ton & Co., Ltd., Newhali Street; Elliott’s 
Metal Co. Ltd., Selly Oak; Allen Everitt & Sons, 
Ltd., Smethwick; Kynoch, Ltd., Witton; Metro- 
politan Carriage, Wagon and Finance Co. Ltd , 
Saltley; Muntz’s Metal Co. Ltd., French Walls; 
Tangye’s, Ltd., Cornwall Works; H. Wiggin &: 
Co. Ltd., Wiggm Street; Wolseley Motors, Ltd., 
Adderiey Park, 

City and Gxhlds of London Institute. — Mr. 
H. P. Philpot, B. Sc., A.M.Inst C.E., Assistant 
Professor at University College, has been 
appointed to the Professorship of Civil and 
Mechanical Engineering at the Finsbury Techni- 
cal College; and Mr. A. J. Hale, B.Sc., F.I.C , 
Chief Assistant in the Department of Applied 
Chemistry to the Professorship in that Depart- 
ment. The entrance examination of the College 
will be held on Tuesday, September 20. 

We leam from the Board, of Trade Journal that 
a notice has been issued by the East Prussian 
State Railways advising precautions against pil- 
ferage. It is stated that binding packing cases 
with band iron is valueless unless special pre- 
cautions are taken, and it is advised that cases 
should be first nailed together and then bound 
with iron ; minute instructions are given as to how 

the iron should be nailed on to prevent theft. 

\ 

Treatment of Crude Potassium Salts. — In an 
article which appeared in Kali^ No. 3, 192 1, the 
writer, Mr. O. Krull, dealing with the manufac- 
ture of potassium chloride, describes the modus 
operandi which enabled him to determine the 
solubility and speed of dissolution of chlorides of 
sodium and potassium, both separately and mixed. 
He then applies the data found to the industrial 
treatment of sylvinite, and notes that regularity 
in the composition of sylvinite is the most im- 
portant factor for satisfactory manufacture of 
potassium chloride. 

The Bromine Industry. — The bromine in- 
dustry, almost entirely German and American be- 
fore the war, had acquired a very considerable 
development, and is an industry deserving of note. 
The raw material is the mother-water from manu- 
facture of potassium salts at Stassfurt, which 
contain 3 to 5 grms, of bromine in form of mag- 
nesium bromide. This water, heated to 80® C., is 
conveyed to the top of a tower lined with refrac- 
tory materials. A mixture of steam and chlorine 
enters at the base, and the gaseous bromine 
escapes at the top to be condensed m a stone-ware 
worm The bromine obtained yet contains 2*5 
per cent chlorine, and must be rectified on iron 
bromide. Kubierschky invented an apparatus 


constructed on the same principles, but with a 
plate column, thus obtaining good anhydrous 
bromine,, with recovery of heat from the spent 
mother-water and continuous rectification of the 
bromine in a second plate apparatus. Thus 
almost chemically pure bromine can be directly 
produced, and the entrained chlorine, escaping 
in a gaseous form and returning to the base of the 
first column, recovered . — Industrie Chtmiquej 
May, 1921. 


NEW COMPANIES. 


The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C.2. 

Dymond Tar Chemicals & Fuels, Limited.— {176029)— 
Registered July 29th, 1921. Headlands Works, Liversedge To 
carry on the business of Tar and Chemical Manufacturers. 
Nommal Capital: £“30,000 in 30,000 Shares of each. Directors . 
H. P, Hird, Moor End House, Dewsbury Moor, Dewsbury; F. D. 
Richmond, Lower Popeley, Liversedge; J. Haigh, Scout Hill, 
Dewsbury, W. GIossop, Highfield, Hipperholme, H. A. Glover, 
Morley, Hipperholme ; C. S Hays, Vermont Villa, Liversedge , 
R. Yielding, Birstall Qualification of Directors . 100 Shares. 
Remuneration of Directors . To be voted by Company. 

Norman V. Stow, Limited. — (176042) — Registered July 2gth, 
1921. To acquire and carry on the busmess of Chemists, Druggisis, 
Oil and Colounnen, Nominal Capital* £$^500 in 3,500 Ordinary 
Shares of £1 each. Directors : N. V. Stow, Belfiela, Forde Park, 
Newton Aobot , G. B Purser, 15, Abbotsbury Road, Newton 
Abbot (Managing Director) ; A. Sampson, 2, Devon Square, Newton 
Abbot, R. Cubitt, Clinton House, Ashburton. Qualification of 
Directors; £100 Managing Director: £1,000. Remuneration of 
Directors To be voted by Company m General Meeting. 

Thomas Aspinall, Limited.— (176048)— Registered July 29th, 
1921. 6, 8 & 10, Bank Street, Bolton. To acquire and carry on the 
business of Manufacturing, Wholesale and General Chemists 
Nominal Capital £5,000 in 5,000 Shares of £i each. Directors . 
T. Aspinall, 48, Somerset Road, Bolton , F. A. Lowe, ^2, Harpers 
Lane, Bolton. Qualification of Directors. £100. Remuneration of 
Directors . To be voted by Ctmiyany. 

Arthol Manufacturikg Company, Limited.— (176051) — 
Registered July 30th, 1921. To acquire and carry on the busmess 
of Manufacturers of Synthetic Pettumes and Essential Oils of all 
kinds. Nommal Capital: £25,000 m 25,000 Ordinary Shares of £i 
each. Directors. J. F. Barvoets, 20, Deane Liverpool; 

R. F. Morris, Rose Bank, Wilmsiow, Cheshire (Managing Directors). 
Qualification of Directors: One-fourth of the issued capital. 
Remimeration of Directors To be voted by Company in General 
Meeting, 

Mg Ihnes Compositions (Company (igai), Limited.— 176071— 
Registered August 2nd, 1921. To acquire and carry on the business 
of Anti-ccwrosive and Anti-foulii^ Compositions and Paint Manu- 
facturers and Merchants. Nominal Capital £50,000 in 40,000 
Participating Preference Shares of £r each and 40,000 Ordinary 
Shares of 5/- each. Directors* To be appointed by Subsenbers. 
Qualification of Directors : i Share. Remuneration of Directors : 



Cartlidge Brothers, Limited-— (176054) — Registered July aoth, 
1921. 36a, Daiimgton Street, Wolverhampton. To carry on the 

business of Oil Merchants and Refiners. Nommal Capital : £5,000 
in j,tx 30 Preference Shares and 4,000 Ordma^ Shares of £i each. 
Directors: J H. Cartlidge, Mount Road, Penn, Near Wolver- 
hampton ; L. Cartlidge, Park Side, Etruna Road, Basford, Stoke- 
on-Trent. Qualificatiem of Dhr^ors: £250. Remuneration of 
Directors. £100 each. 



This List is specially corniced for the Chemicai by Messrs* 
Rayner & Co , Registered Patent Agents, of 5, Chaneeay L^ne, 
London, W.C.2., from whom all information reladng to 
Trade Marks and Desigi© can be ol^ned gratui^:>cis^., 

JLMtsi P&Uni ApplicfUiom, 

«)33i— Cumberland Coal Power Chemiesds, Ltd, — Prodootion of 
solid products from ammonia gas. July 26. 
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20258— Dott, E E.— Extraction of titanium dioxide and alumina 
from titanifeixms bauxSe. July 28. 

20258— Godfrey, S. H. — Extraction of titanium dioxide and alumina 
from titaniferous bauxite. July 28. 

20417— Green, A. G. — Process for manufacture of phthalimide. 
July 29. 

Specijicaitons published this Week. 

143850- Norsk Hydro-EIektrisk Kvaelstof-AktieseUkab. — Process 
for the production of formate of ammonium from barium 
cyanide. 

166767— Dreyfus, H.— Manufacture of cellulose derivatives. 
145696-^ollin Akt Ges. ver Verwertung von Brennstoffen und 
Metallen, F. J. — Process of producing ammonium sulphate 
from cyanogen compounds produced in the distillation of 
coal or organic substances. 

4,bsiract Publish^ this W^ek. 

Sulphuric A ad.— Patent No. R. F. Dior, of 18, Rue 

du Dome, Biilanconrt, France, ms obtained a Patent for an 
improved apparatus for obtaining sulphuric acid. In a series of 
sulphuric acid chambers, their size and hei^t decrease in order, 
the tallest being connected with the Glover, and the shortest with 
the Gay Lussac tower. Each resembles m shape an inverted 
funnel, in which the sides of the upper part are more vertical than 
the sides of the lower part. The gases, which enter at the bottom 
and leave at the top, are caused to move spirally by placing the in- 
let and outlet respectively, tangentially to the circuimerence of the 
chamber. In order to control the flow of the gases, a vertical shaft 
placed in the centre of the chamber may be employed. For the 
same purpose, jets of steam, "atomized water" or dilute sulphuric 
acid mav be directed in a downward direction by injectors from 
the top of the chamber or from the sides. Sulphuric acid of about 
53°, IS poured continuously down tlje inner surface of tbe chamber 
bv means of the annular groove and cap or by any other device such 
as the turTnue. The outer walls are kept cool by means of cold 
water which flows from the trough and is collected. When four of 
such chambers are oonnected in series, the dilute acid produced in 
the second is used to supply the first, and that produced in the third 
and fourth is conveyed to the top of the second, i he strong acid 
formed in the first chamber is partly removed from tbe system and 
the remainder is led to the tldrd and fourth chambers. In this way 
the dilute adds are concentrated in the first two chambers and the 
nitrmxs gases recovered to some extent, in tbe last two chambers, 
thi^eby asdsting the wiwrking of both the Glover and Gay Lussac 
towers* 

, M^srs. Rayner & Co., will obtaun pnnted copies of the 
published specifications and will forward on post free fortheoflicia} 
prase of if- each. 


NOTICES. 


UNIVERSITY OF ABERDEEN. 
Academical Year, 1921-1922. 
FACULTIES OF SCIENCE AND MEDICINE. 
Winter Session commences on Thursday, 13th October, 1921, and 
closes on Thursday, I6th March, 1922. 

Summer Session commences on Monday, 24th April, 1922, and 
closes on Fnday, 30th June, 1922. 

The Preliminary Examinations will commence on 
Friday, Ifith September, 1921, and Friday, 17th March, 1922. 

FACULTY OF SCIENCE. 

Tne Faculty of Science embraces 8 chairs besides Lecturers 
by whom mstruction is given in all the main departments of the 
lienee School. 

PROFESSORS. 

Natural Philosophy ' Charles Niven, M A , D.Sc., F.R.S. 
Physiology John Alex. MacWilham, M.D., F.R S- 

Auaiomy Robert William Reid, M D,, F R.C.S. 

Natural History John Arthur Thomson, M. A., LL.D, 

Mathematics Hector Munro Macdonald, 

O.B.E., M.A„ F.R.S. 

Agriculture James Hendrick, B.Sc. 

Chemistry Alexander Findlay, M.A., D.Sc , Ph.D. 

i^tany William Grant Craib, M.A.,F.L.S.,F.R.S.E 

LECTURERS 

Wilham Brown, M.R.C.V.S., F.R.P.S., 
Thos. A. W. Fulton, M.D. ^ ^ 

Alfred Wm. Gibb, M. A„ D.Sc. * : : - 


Vetennary Hygiene 

Fisheries 

Geology 

Engineering Field 
Work 

Forestry 
Agriculture 
Parasitology 
Forest Botany and 
Forest Zoology 


Alex. R. Horne, B Sc., A.M.LC.B.^ 
Peter Leslie, M.A., B.Sc., B.Qc. 
Wm. J. Profeit, M.A., B.Sc.fA^.), 
John Rennie, D.Sc. 


Alex. S. Watt, M.A., B.Sc. (Age.). 

The Degrees CQnfenred hy the Univeraty are 

Bachelor of Science in Pure Science (B.Sc.). 

Bachelor of Science m Agriculture fB.bc.Agr.). 

Bachelor of Science m Forestry (B.Sc.For.) 

Doctor of Science (D Sc.). 

Diplomas m Agricultu e and Forestry are also granted. 

The Inclusive Fee for instruction for the B.Sc. m Pure Science 
IS 90 Guineas, payable m three annual instalments of 30 Guineas. 

The Degree Fee is 9 Guineas, payable 4 Guineas for the first 
examination and 5 Guineas for the second examination. 

Practical work m agriculture is earned out in cmriunction with 
the North of Scotland College of Agnculture, which has a demon- 
stration estate a few nflfes oot of AbWdeen. 

A number of Bursaries and Schedarahips are awarded id 
Science and in Agriculture. 


EDITORIAL. — ^AIl Literary communications and Books, Chemical 
Apparatus, &c., for review or notice to be addressed to tbe 
Editor. “ 

SUBSCRIPTIOIIS, 13s. per annum, payable in advance, should 
be addressed to the Makaobr. 

BAGS BUMBERS and VOLOHES can be purchased on application 
to he Manager. 

THE CHEMICAL NEWS. 

97, Shoe Lane, London, E.C 4 


ADYEBTISEMENTS. 

All eommiuricatiofiji for this Depaftm^ should be ad- 
droBsed to— 

, T..G..S^0Tr & SON, 

63, Ludctate Hill, London, E.C,4. 


PATENTS, TRADE MARKS. Handbook 

L and advioe free— B. T. Kikg, British and U. S. Begd. Patent 
Attocney, 1^, Queem Victona St., Lemdou. 33 years reference 


'J'HE Proprietor of Patent No. 135706 

METHOD OF MANUFACTURING GELATINE 
TUBES FOR MEDICINAL PURPOSES 
is desixous of entering unto arrangements by way of licence and 
otherwise on reasouaiMB terms for purpose of exciting same and 
easuriag its full development apd practical working in this country. 
Adi Qoenmunlca^ions should be addimi^sed m the first instance to : 

HASELTINE, LAKE & Co., Chartered Patent Agents, 

3S, SoDmAUFTOH Charcbrv Lakb, LoHDcm, W.C. 


FACULTY OF MEDICINE, 

The Faculty of Medici**e embraces 13 Chairs. 

Instruction in special departments of Medical practice is given 
by Lecturers appointed by the University Court. 

Clinical instruction is obtained in various Hospitals and 
Institutions in Ab^deen. 

■ The Degrees ih Medicine granted by the University are . — 
Bachelor of Medicine and Bachelor of Surgery (M.B. & Ch.B.). 
Doctor of Medicine (M.D.,), 

Master of Surgery (Ch.M ). 

A Diploma in Public Health is conferred after examination on 
graduates in Medicine of any University i » the United Kingdom. 

The total cost of the whole cutricufum for the Degree of M.B , 
Ch.B., mcludmg Hospital Fees, Matriculation Fees and Degree 
Fees, is approximately about j£248. 


The UaiT^sity also grants Degrees m Arts, Law, Divinity, 
Educatten and Commerce. 

Further particulars may be had on application to the Sbcretary 
of the University, Marischal College, Aberdeen 

H. J. BUTCHART, 

Secretary. 


CHEKICAliLY PDBE 


CAPPER PASS & SON, Ltd. 

BEDKINSTER SMELTING WORKS 

BRISTOL- 



Chemical News 1 
August 26, 1922 J 


Colour of Light from the Night Sky 


105 


THE CHEMICAL NEWS, 


VOL. CXXIII.. No. 3202. 


BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

The 6gth Annual Meeting of the British Associa- 
tion will be held in Edinburgh from Wednesday, 
September 7 to Wednesday, September 14. 

The Inaugural General Meeting will be held in 
the Usher Hall, on Wednesday, September 7, at 
8.30 p.m., when Sir Edward Thorpe, C.B., 
F.R.S., will assume the Presidency in succession 
to Professor W, A. Herdman, C.B.E., F.R.S., 
and will deliver an Address dealing with “Some 
Aspects and Problems of Post-War Science, pure 
and applied.” 

On Friday, September q, at' 8.30 p.m , in the 
Usher Hall, the First Evening Discourse wdll be 
delivered by Professor C. E. Inglis, O.B.E., 
M.A., on “A Comparison of the Forth and Quebec 
Bridges, showing the Evolution of Cantilever 
Bridge Construction during the past Thirty 
Years.” 

On Tuesday, September 13, at 8,30 p.m., in the 
Usher Hall, the Second Evening Discourse will 
be delivered by Professor W. A. Herdman, 

C. B.E., F.R.S., on “Edinburgh and Oceano- 
graphy.” 

The Concluding General Meeting will be held 
on Wednesday, September 14, at 12 noon. 

At the Inaugural Meeting, Members of the 
General Committee may occupy the raised seats 
on the platform. In the area a few rows only 
will be required for official use. At the Evening 
Discourses, a limited number of seats on one side 
of the hall only will be retained for the General 
Committee and official use. To all other seats, 
the whole of which command uninterrupted view 
and hearing, the Membership Ticket will admit, 
without further ticket. 

Four Public Lectures to Citizens will be given 
by Members of the Association in connection with 
the Meeting. 

On Tuesday evening, September 6, at 8 pm., 
in the Usher Hall. — Sir Oliver J, Lodge, F.R.S,, 
on “Speech through the Ether, or the Scientific 
Principles underlying Wireless Telephony.” 

On Wednesday afternoon, September 7, at 2.30 
p.m., in the Natural History Theatre, Old College 
University. — E. J. Russell, D.Sc., F.R.S. (special 
lecture, arranged in collaboration with Section M, 
Agriculture, on behalf of agricultural interests in 
Edinburgh and neighbourhood), on “Science and 
Crop Production.” 

On Thursday evening, September 8, at 8 p.m., 
in the Usher Hall. — Professor A. Den^, D.Sc., : 
F.R S., on “The Stream of Life,” 

On Monday evening, September 12, at 8 p.m., 
in the Usher Hall. — Professor. H, J, Fletire, 

D. Sc., on “Countries a$ Personalities.” 

Arrangements for these Lectures are in the 

hands of the Local Executive Committee, in Ool- 
iaboration with the local branch of the Workers’ 
Educaitpnal Association. 

Sectiohal "Addresses. — Tl|e foHowmg Addresses 
will be given by Sectional Presidents. These 


Addresses will be distributed throughout the pro- 
gramme, and those marked * will be introductory 
to discussions • — 

A — Problem of Physics. By Prof. O. W. 
Richardson, F R.S. 

B — The Laboratoiy of the Living Organism. By 
Dr. M. O. Forster, F.R.S. 

C — Experimental Geologv. By Dr. J. S. Flett, 

F. R.S. 

D — Some Problems in Evolution. By Prof. E. 
S. Goodrich, F.R.S. 

E — The Application of Geography. By Dr. D. 

G. Hogarth, C.M.G. 

F — The Principles by which Wages are Deter- 
mined. By W. L. Hichens, Esq. 

G — Water Power. Bv Prof. A. H. Gibson, 
D.Sc. 

I — The Boundaries of Physiology.* By Sir W. 
M. Fletcher, K.B.E., F.R S. 

J — Consciousness and the Unconscious.* By 
Prof. C. Lloyd Morgan, F.R,S. 

K — The Present Position of the Theor^'^ of 
Descent, in Relation to the Early History of 
Plants.* By Dr. D, H, Scott, F.R.S. 

L — The Place of Music in a Liberal Educa<-ion * 
By Sir Henr\' Hadow% C.B.E. 

The following subjects (among others) will be 
discussed at joint meetings of the Sections 
indicated : The Structure of Molecules (Sections 
A, B). The Age of the Earth ^Sections A, C, D, 
K), Biochemistry (Sections B, I). The Proposed 
Mid-Scotland Canal (Sections C, G). The Origin 
of the Scottish People (Sections E, H). Voca- 
tiunal Training and Tests (Sections F, J, L). 
The Relation of Genetics to Agriculture (Sections 
D, K, M). 

Papers read at the meeting will be published in 
the Chemical News with as little delay as 
possible. 


THE COLOUR OF THE LIGHT FROM THE 
NIGHT SKY.* 

By Lord RAYLEIGH, F.R.S. 

The general light of the sky at night is very 
faint, and beyond the observations of Campbell 
{Astr^ Soc, Pacific 1917, xxix.* 218) and Slipher 
(Astr. iqip, xliXL, 266), who could always 

detect the aurora spectrum line in temperate lati- 
tudes, nothing appears to be known of its spectro- 
scopic or chromatic character. Slipher, indeed, 
su^ested that the variability in its brightness re- 
corded by Yntema w^ht be accoimted for by 
attributing the light wmly to a variable aurora 
But tlus tiew has been controverted, rightly as I 
think, by Fabry (Asir, Jouk, igiq, L, 308), My 
o^n observations, now to recorded, indicate 
that at the time and i^ace wbpre I was working, 
little, if any, of the light could be attributed to 
the greqn aurora iii^‘ - 

The great difficulty, of spectroscopic observa- 
tions is, of course, the want of light; thougir if 
the light .were aK>nochroaBatic, as, for instaa^ce^ if 
it were all cjonoentrated in the aurora line^ 
diffi|::ulty would be much initiated, i thou^t k 
worth while, however, lo try if anytMng cotdftbfe 
learnt by a cruder rae^KKi, which some 

advantages even if ^Tight is not feselde* 
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A series of small coloured filters were arranged 
so as each to transmit a limited portion of the 
spectrum. These were placed in a suitable frame, 
which held in addition a neutral-tinjted photo- 
metric wedge of carbon in gelatine, made by Mr. 
Sanger-Shepherd. This wedge was graduated in 
equal parts, according to Hunter and Driffield^s 
method. (Scale-reading lo, light transmitted = 
i/io; scale reading 20, light transmitted = i/ioo). 
A photographic plate was placed in the frame, 
so that part of it was under the various colour 
filters, and another part under the wedge. This 
could be exposed to the night sky or other source 
of light. 

After development, the photographic intensity 
under each coloured screen will match the inten- 
sity under some point on the wedge. The plate, 
therefore, gives a record of what fraction of the 
total photographic effect due to the source is trans- 
mitted by each screen. For comparable results 
with different sources of light, it^ is of course 
necessary to keep to the same kind of photo- 
graphic plate. 

The great advantage of the method is that it 
allows light to be used from a cone of very large 
angular aperture. With a spectroscope we can- 
not, under the most favourable circumstance, use 
an aperture ratio of more than 1:2. But a plate 
under the coloured filters may be exposed to the 
entire hemisphere if desired. Moreover, when 
faint impressions are concerned, a large patch of 
defi^ned shape and uniform, even if small, intensity 
practically gives much more confidence to the ex- 
perimenter than a small and faint spectrum. The 
information given is, of course, of a rather 
different kind. 

Qmiing now to details. The coloured screens 
were : — 

Transmission. 

I- Ultra-violet glass, supplied by 

Messrs. Chance • . ••• 3300-3800 

2. Cobalt blue glass. Several thick- 

nesses ... 4000-4500 

3. Bluish-green glass 4300-5300 

4. Green glass 5100-5900 

5. Flavazine 5500-7000 

) 5500-5630 

6 . Flavazine, with didymium glass j- and 

) 5930-7000 

7. Wratten’s red filter. No. 23A 5800-7000 

These, were chosen, so far as possible, to give 

nearly the same photographic density with sun- 
light. This is desirable, because the range of in- 
tensities which the plate can deal with is not un- 
limited, The green and red filters, which trans- 
mit portions of the sp^trum to which the plate is 
comparatively insensitive, were chosen to give as 
large transmission as was consistent with isolating 
a fairly narrow range of the spectrum. 

Filter No, 6 was designed to isolate as nearly as 
possible the green aurora line, if present. No 
filter could be found to cut out the red without at 
the same time involving serious loss of green. 

Ilford special rapid panchromatic plates were 
used. These were far more effective in the red, 
yellow, and green regions than any other plates 
I have tried. All the results recorded were ob- 
tained with a consignment of plates bearing the 
same number, and therefore, presumably, as 
nearly alike as may be. 

An ink mark on the under face of the wedge 


gave a fiducial mark on the negative, and starting 
from this, the wedge scale was copied by band on 
to the developed film, marking it on with a file 
pen. V 

The photometric work on the developed plates 
was done with the photoelectric apparatus des- 
cribed in connection with the scattering of light 
by gases {Froc. Roy. Soc.j 1Q20, xcvii., 440). 
Briefly, it depends on a photoelectric cell with 
battery and galvanometer. The plate rests on a 
table, in which is a slit. Above is a bright light 
focussed on the slit with a lens. The rays diverg- 
ing beyond the focus fall on the photo-electric 
cell. The deflection of the galvanometer depends 
on the opacity of the photographic film. The im- 
pression through a colour filter was placed on the 
slit, film downwards, and the deflection noted. 
The impression of the wedge was then substituted, 
with the length of the slit at right angles to the 
length of the wedge. The plate was then slid 
along until the previous deflection was recovered, 
and the postion of the slit on the wedge scale 
noted. 

On a given negative, the result was usually re- 
covered to within about 0*2 of a scale division, 
but, with another negative, discrepancies as large 
as I scale division (representing a factor of 1*26). 
or even more, were observed. These are due 
either to inequalities in the photographic film 01 
to changes in the quality of light received from 
the source, due to varying atmospheric conditions 
(see the remarks in my paper, loc, cit.^ p. 442 
The plates used in the present work were coatee 
on common glass, not plate glass). 

The photoelectric measurement of a given nega- 
tive was very satisfactory, and far preferable tc 
visual photometry. (The latter can, no doubt 
be applied to smaller areas on the negative, whicl 
is important in some investigations). 

The first series of experiments was made wit! 
the plate exposed to the entire sky, so far as ii 
was not blocked out by trees and buildings. Thij 
method is open to the objection that some of the 
rays pass very obliquely through the colourec 
screens, with the result that the effective thicknes; 
of the latter becomes somewhat indefinite. This 
however, does not seem to vitiate the result appre 
ciably, as subsequent experience showed; whih 
an important advantage is gained in shortening 
the exposure. 

Comparison of the night sky with the clea 
'twilight sky (Table I.) shows clearly how mud 
poorer the latter is in yellow and red light. Th< 
wedge readings for the two yellow and the ret 
filter differ by about 4 scale divisions, showing 
that, for the night sky, the yellow and red com 
ponents account for 2*5 times as large a percent 
age of the whole photographic effect as in thi 
twilight sky. 

Table I. 


The Figures given are the Wedge Readings, 
obtained as described. 


Ultra-violet glass 

Cobalt glass 

Bluish-green 

Green 

Flavazine ... ... 
Flavazine with didymium 
Red ... 


Starli^t sky. 

Twilight, 
clear sky. 

Aug. 9. 

Sept. 6 - 7 . 

Aug. 17. 

10*6 

10*0 

Q*9 

13*1 

13-3 

12*4 

12*5 

12*2 

11*3 

147 

137 

16 ' I 

a-s 

8*0 

13* I 

12*1 

lO'Q 

16*1 

10*7 

10*0 

15*0 
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Table II. 


Ultra-violet glass 


Sept 15 ^ 6 . 

... 13*2 

'Starlight sky. 

Oct. 8 , 9 , 10 . 

11*9 

Mean. 

12*6 

Blue sky at sunset. 
Sept. 27 . Sept. 28 . 

12*3 15*4 

Blue sky 
Sept. 

1 p.m* 

10*4 

Cobalt glass 


... 14*9 

14*8 

14-8 

13*5 

12*8 

14*0 

Bluish-green ^ 


. , 11*8 

12*3 

12*0 

11*9 

13*3 

12*8 

Green 


... 13*5 

14*7 

14*1 

i6*3 

17*2 

17*6 

Flavazine ... 


. . 8-5 

8-5 

8*5 

12*9 

15*1 

13*9 

Flavazine with didymium 


. . II-5 

11*6 

iro 

i6*6 

17*0 

18*0 

Red 


... Q *9 

11*9 

10*9 

14*3 

i6*2 

16*3 


Sept. 22 . 

— Sun, 33 " up. - 
Sept. 28 

Sept. 28 . 

Moon, Sept. 26 , 

Moon ^ up. 

Basalt, 

fresh. 

Basalt, 

weather^. 

Ultra-violet glass ... . 

.. I 4 'q 

15*8 

14*9 

14*9 

15*0 

14*9 

16*2 

Cobalt glass 

I 4'3 

15-2 

14*6 

15*2 

15*0 

14*4 

15*6 

Bluish-green 

,. 11*7 

12*9 

13*2 

ir*4 

12*0 

ii "3 

irs 

Green 

.. 13*2 

14*1 

i 5'5 

14*0 

14*2 

13*1 

12*3 

Flavazine . 

.. 7*0 

8*0 

8*8 

7*5 

7*4 

7*8 

5*5 

Flavazine with didymium. 

.. 10*7 

11*0 

12*2 

II -3 

10*7 

10*6 

8*8 

Red 

.. 9*0 

10*8 

11*5 

9*5 

8*7 

9*3 

7*4 


The next series of experiments were designed 
to include in the comparison the direct light of 
the sun and moon. These give approximately 
parallel rays, which traverse the absorbing screens 
normally. For comparison with them, it is 
desirable to restrict the cone of rays from the 
night (or day) sky as far as other conditions will 
allow. An aperture, isin. in diameter, was 
placed isin. from the plate. This aperture was 
the smallest that could well be used. The work 
was carried out in August and September and 
early October, when the hours of complete dark- 
ness are very limited. Summer time imposes a 
further obstacle The moon must be below the 
horizon, and the night should be clear. With the 
aperture ratio i : i, as described, about nine hours^ 
exposure were needed to give satisfactory in- 
tensity.. 

Two plates with this exposure were all I could 
get before my enforced return to London in 
October. The exposures tvere made at Beaufront 
Castle, three miles from Hexham, Northumber- 
land, and also at Terling Place, Essex. There 
was no appreciable interference from town light, 
diifused by the sky. 

In making exposures to direct sunlight, the 
difficulty was to reduce the photographic effect 
sufficiently. The ideal method would be to use 
a pinhole camera, giving an image of the sun 
which would cover the quarter plate used, but this 
involves an impracticaily long camera. To work 
at a reasonable distance, more divergence of the 
rays is essential. It was got by means oj a 
quartz lens, of 7 mm. diameter and 9 mm. focus. 
The plate was placed on the axis of the lens, at 
about 60 cm. distance, when the divergent cone 
of rays from the image covered an area more 
than large enough The lens w^as mounted in the 
end of a blackened box, with a kodak photo- 
graphic shutter over it. The plate holder, carry- 
ing the coloured screens and photometric wedge, i 
w^as introduced at the other end of the box. A 
simple shadow arrangement was provided for 
pointing the axis of the lens at the sun. 

A quartz lens vras used, so as to avoid any ab- 
sorption of ultra-violet light, or any risk of in- 
troducing colour which might disturb the compari- 
son of sunlight wdth other sources. 


Exposures were also made on direct moonlight. 
For these, no special arrangements were needed, 
as an exposure of several seconds proved suitable. 

The results are given in Table II. 

In considering these results, it wdll be noticed 
in the first place that the wedge readings for 
cobalt glass and bluish-green glass respectively 
are nearly the same whatever the source of light. 
This merely expresses the fact that by far the 
greater part of the photographic effect of the spec- 
trum IS due to the kind of light which these 
glasses can transmit. In any case, the ultra- 
violet or red ends of the spectrum produce a com- 
paratively small fraction of the whole effect, 
consequently the absence or presence of these con- 
stituents hardly affects the wedge reading for the 
blue. 

It is in the case of the ultra-violet at one end 
of the spectrum and the yellow and red at the 
other that enough variability is to be expected to 
give information as to the constitution of the 
source. 

The ultra-violet constituent tends to be variable 
for plates obtained on different occasions. This 
is not surprising when we consider that this con- 
stituent is largely affected by atmospheric absorp- 
tion, and is therefore sensitive to atmospheric con- 
ditions, even when the sky is apparently clear. 
For the same reason this constituent will be 
largely affected by the altitude of the source. 
Thus he sun and moon, both exposed to at 33® 
altitude, are at a disadvantage compared with the 
zenith sky. 

For these reasons not much can be inferred 
from the ultra-violet data. It is noteworthy, how- 
ever, that the zenith sky seems much richer in this 
constituent when the sun is high, than at sunset. 
This may be accounted for by atmospheric absorp- 
tion of the rays from the low sun before they 
reach the observer's zenith, and are scattered to- 
wards him by the air. 

The great superiority of the night sky over the 
day sky in yellow and red light is again apparent, 
amounting as before to about 4 scale divisions (a 
factor of 2*5). ^ ^ 

The night aky also differs very litt Id In quality 
frcun direct stmlighL It is only in the ultra-violet 
that any definite dis^otion is apparent, and bs 
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already remarked, the zenith sky would have an 
advantage in this region on account of less atmo- 
spheric absorption. 

No definite distinction can be made from these 
experiments between the chromatic constitution of 
sunlight and that of moonlight. The numbers 
found are same within the limits of experimental 
error. 

We may say therefore that the night sky is 
found to be of th^ same colour as direct sunlight 
or moonlight, but much yellower than the clear 
day sky. 

Colour of M 007 ilight, 

What we can see of the moon’s surface suggests 
that it consists of volcanic rock, and the light is, 
of course, diffusely reflected sunlight. It occurred 
to me, in connection with the present experiments, 
to include in the comparison sunlight diffused 
from specimens of terrestial volcanic rock. These 
exposures were made when the sun was 33“ up, 
so that atmospheric absorption should be as nearly 
as possible the same as when the moonlight ex- 
posures were made. The photographic plate ivas 
placed in the box used for exposures to direct 
sunlight, but the quartz lens was removed. The 
iris diaphragm attached to the shutter was ad- 
justed so as to subtend half a degree at the photo- 
graphic plate — the same angular diameter as the 
moon — and it was backed with the specimen of 
rock in full sunlight placed near the aperture. 
The same exposure was given as was given to 
direct moonlight Only two exposures were 
made, one to a specimen of fresh basalt, and 
another to a weathered ochreous surface of the 
same. The light from the fresh basalt cannot be 
distinguished definitely in quality from moonlight 
or sunlight, but the light from the weathered 
basalt appears to be distinctly yellower than 
moonlight. The experiments are too few for a 
final conclusion, but they suggest that the surface 
of the moon is more like the fresh than the 
weathered specimen. This is in accordance with 
the absence of a lunar atmosphere. (These ex- 
periments on rock were hampered by the fact ibat 
the photometric apparatus was not at hand when 
the exposures vrere made. They are merely of a 
preliminary character). 

Visual OdservaiiOits on the Night Shy. 

The conclusions reached, photographically, on 
the night sky are entirely confirmed by visual 
observation. 

The photometric comparison of lights of differ- 
ent colours is, under ordinaiy* circumstances, difii- 
'cult and embarrassing, and little definite signifi- 
cance attaches to the results. But with lights be- 
low a certain intensity this difficulty disappears, 
since there is no longer the power of colour dis- 
crimination, and vision is monochromatic. A con- 
fident decision can then be given as to which of 
two lights appears brighter, whether they are of 
the same spectral quality' or not This is, of 
course, well known, and is fully elaborated in 
works on colour vision. 

Two gelatine films on glass were prepared, one 
dyed yellow with fiavazine, and the other with 
methylene blue, the intensity of the latter being 
adjusted by washing out some of the colour until 
right for getting the efiects which will now be 
described. The two films were mounted edge to 
ed|^ at dhe end of a pa^eboard tube, so that, 
when the tube was directed to the sky, the circular 


field was seen divided into two along a. 

During the daytime the yellow film was , con- 
sidered by all observerb to be the brighter. 
twilight advanced, the Purkinje phenomenon 
came into evidence, and the blue film became 
brighter. This remained the case when the light 
had waned so far that the ’colour sensation had 
disappeared. As the stars came out, the pre- 
dominance became less marked, and, before the 
Milky Way was distinguished, there was equality 
Finally, when the Milky Way was conspicuous, 
the yellow film was notably brighter, whether 
the tube was pointed to the Milky Way or to othei 
parts of the sky. 

Another pair of films was prepared, giving 
equal intensities when the night sky was viewed 
In this case, still more than m the previous one, 
the blue half appeared brighter while any twilight 
remained. (A preliminary notice of this result 
was published in a letter to Nature^ dated August 
20, 1020). 

It was desired to confirm visually the conclusion 
reached by photography that the colour of the 
night sky was nearly the same as that of direct 
sunlight or moonlight. Moonlight uas chosen, 
as being of more convenient intensity. It was 
found that the yelloiv and blue films, which 
appeared equally bright against the night sky, 
also appeared equally bright w^hen vieived against 
a white cloth exposed to direct moonlight. This 
background was, however, somewhat too bright, 
and, in order to get rid of colour perception, it 
was found advisable to reduce it twelve-fold by 
means of Fox Talbot’s revolving sector. It was 
then impossible to distinguish between the two 
coloured films, which appeared of exactly equal 
intensity. 

The night sky -was examined on many occasions 
through the pair of films, which gave equal 
brightness. I never observed any marked devia- 
tion from equality, at considerable altitudes, 
though low down the yellow often had an advan- 
tage. This is probably attributable to selective 
atmospheric absorption. The experiments gave 
no evidence of a variable colour such as might be 
produced bv an aurora of variable intensit>\ 

I may add that my own attempts to see or photo- 
graph the aurora line on ordinary’ nights have had 
no success. All that I could see was a continuous 
spectrum. Note added, March 4, — I have since 
succeeded m regularly photographing the aurora 
line. 

Summary and Conclusion. 

To get the information as to the chromatic 
character of the light from the sky at night, 
photographic exposures were made under coloured 
media selected for isolating various parts of the 
spectrum. By comparing the photographic densi- 
ties obtained, it was concluded that the night sky 
was much yellower or less blue than the (clear) 
day sky. Comparison with direct sunlight or 
moonlight showed that the night was of the 
same quality as these. 

Visual comparisons through coloured films 
showed that a blue film, which was equally bright 
with a yellow one against the night sky, was 
brighter against the twilight sky. These compari- 
sons were not embarrassed by colour differences, 
because the light was so faint as to give purely 
monochromatic vision. The two films matched 
one another equally whether they were seen 
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against the Milky Way or against other parts of 
the sky. In the photographic work no special 
attention was paid to this point, the exposures 
being made to a considerable area of sky around 
the zenith. The diurnal motion, of course, 
brought successive areas of the sky into action 
during the long exposures. 

One theory of the light of the night sky attri- 
butes it to sunlight scattered by a ver\^ rare 
gaseous atmosphere, situated so high up as^^to be 
outside the earth’s shadow. The present obser- 
vations are contradictory of this theory, which 
would require the night sky to have the same 
colour^s the day sky. 

The comparative absence of polarisation (see 
Rayleigh, Asir. Jour,^ 1919, 1 ., 227; also Babcock, 
ibid,j p. 228) leads to the same conclusion 

The requirements, as regards colour and polar- 
isation of the light, would be satisfied if we re- 
garded it as coming from an unresolved back- 
ground of stars. They would equally be satisfied 
if we regarded it as due to sunlight scattered by 
meteoric matter. The conclusions of van Rhyn 
{Astro. Phys. Jour.j 1919, 1 ., 356) favour the latter 
alternative. He regards the general light of the 
sky as an extension of the zodiacal light 


THE PRESENT POSITION OF 
SMOKELESS FUELS.* 

By F. S, SINNATT, M.B.E., M.Sc. {Tech.), F.I.C , M.I.Min.E., 
Lectcrer m Fuels, CoHege of Technology, Director of Research, 
Lancashire and Cheshire Coal Research Association. 

The commercial literature on the subject of 
smokeless fuels is considerable, and it appears 
desirable to collect together the material in order 
to attempt to ascertain the general lines along 
which the industry concerned with the manufac- 
ture of artificial fuels by carbonisation of coal is 
proceeding. 

It is not proposed to discuss the relative advan- 
tages of gas, electricty, and smokeless fuels, but 
to assume that there are many people who wish to 
have a fire of solid fuel in certain rooms in their 
houses; this desire may be largely sentimenUL 
but many hold that solid fires are more healthy. 
Ever>*one wishes to reduce the black smoke tmd 
and fog-nuisance, especially in large towns, and 
the householder is offered four main alternatives, 
gas fires, electric heating, central heating, or 
smokeless fuel fires. 

It is generally recognised that coke, as obtained 
from gas-works, is not entirely suitable for com- 
bustion in ordina^ grates, owing to the difficulty 
with which it ignites, but if a sufficient supply of 
good coke were avaiiable, the need for smokeless 
fuels would not be so pronounced. In modern 
gasworks there is a tendency to produce in- 
creasingly large volumes of gas, and if it is 
assumed that the coal-tar and ammonia are still 
important by-products, the increased volume can 
only be produced at the expense of the coke, with 
the result that the percentage of inorganic con- 
stituents in it becomes excessively high, and 
cases can be cited of coke containing as high as 
20 to 30 per cent of ash and a considerable 
percentage of water- Such fuel as this is not 
suitable domestic fires, and to o^er suda 

* Excerpt feqm the ig«f. 


material for household purposes is an injustice 
to the small consumer who is at the mercy of the 
gasworks, and an injury to the movement for the 
wider use of this fuel. This tendency in modern 
gasworks reaches its culminating point in the 
comparatively modern process of converting the 
whole of the coal into gas, without producing any 
coke. The consequence of the above is that many 
households which formerly used coke have noirtr 
to burn coal if they wish to have a solid fuel. 
It therefore appears that, although the larger 
production of gas is a step forward, and leads to 
a decrease in the smoke nuisance, there is, on 
the reverse side, a greater use of coal to replace 
the coke which was obtained from the gasworks. 
The shortage of suitable coke makes it desirable 
for the industry producing smokeless fuels to be 
develoiied in order that a supply should be 
available. 

Many of the processes for the manufacture of 
smokeless fuel are in an experimental state, but 
certain of them have made sufficient progress to 
indicate that they may become large industrial 
processes. 

Requiremciv^s of Smokeless Fuel . — The manu- 
facture of smokeless fuel is, in itself, a sufficient 
incentive for the carbonisation of coal at a low 
temperature, but principle involved has cer- 
tain additional advantages which must receive 
notice. Thus, the weight of the products per ton 
compared with those obtained in ordinaiy gas- 
works, is as shown in Table I 

The amount of tar obtained is much greater 
than that obtained at a high temperature, whilst 
the amount of ammonia and the volume of gas 
are considerably less. The efficient separation 
and utilisation of the tars from the low tempera- 
ture carbonisation of coal have not been com- 
pletely solved, and considerable research work is 
still required. The products from the tar are 
compounds, belonging to the aliphatic or asso- 
ciated series, as distinct from those present in the 
tar from the high temperature carbonisation, 
which contains compounds of the benzene series. 
Both these series of compounds have special com- 
mercial applications, but whereas the benzene 
(high temperature carbonisation) is of vast 
portance to the following industries — coal tar 
colour, disinfectant, motor fuel, and explosives — 
the compounds obtained from the low temperature 
carbonisation are chiefiy of importance in tvro in- 
dustries only, for motor fuels and for lubricants. 

; It is obvious that the products are not so valuable 
as those obtained from ordinary coal-tar. 

The volume of gas produced is considerably 
smaller than in high temperature carbonisation, 
but it would appear that this gas may find other 
application than burning for ordinary purposes. 

The reasons for the necessity for smokeless 
fuels are economy in^tfee burning of coal, shortage 
of coke (and that available is of inferior quality), 
reduction, of the number of fogs, economy due to 
clean buildings, reduction of the amount of wash- 
ing and cleaning in household. 

Smokeless fuel should possess some of the 
following characteristics : It must be 
and ignite with ease; it should not be fra^Ie 
so that it can be bandied with safety. ^4 shodid 
not be too kndtild not absorta^ and, if 

it beckn^ kH, it ^ottSd dry ip a reascmabie time, 
it Siould* have a ash-cohfedt, which should 
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Gas 

Tar 

Coke 

Ammonium Sulphate 


High Tempemtore 
Gas Wochs. 
12,000 cm ft 
(550 B.Th.Us.) 
lo gallons 
isicwt 
25 lb. 


Table I. 

High Temperature 
Coke Oveu, 
11,500 CU. ft 

(450 B.Th.Us.) 
8 gallons 
I4’4cwt 
281b. 


Low 

Temperature. 
6,000 CU. ft. 

(750 B.Th.Us.) 
20 gallons 
i 4 ’ 5 cwt. 
iSlb. 


Table II. — Smokeless Fuels : Chemical Analyses, 

Low temp. 


Perce&tage. 

Lignite Low 
Tempeiature. 

Carbo-coal 

Briquette 
SunPuel Co. 

Hargreaves 

Coke. 

Special 

Bnquette. 

Carbon 

Coke. 

Water 

... 6-44 

2*03 

3*10 

o*6o 

2* 60 

2*42 

Ash 

... 16*85 

15*66 

10*48 

10*70 

9*00 

470 

Volatile matter 

... 22*43 

5 '94 

10*08 

7 '&> 

13*00 

15*45 

Volatile organic matter 

... 15*99 

3-91 

6*98 

7*20 

10*40 

I 3'03 

Coke 

• 7757 

04*06 

89*92 

92*20 

87*00 

84-55 

Fixed carbon 

... 60*72 

78*40 

79*44 

8 i *5 

78*00 

79-85 

Calorific value B.Th.U. per lb. 

... 10,280 

11,570 

12,740 

I3 >i 8 o 

12,400 

13,550 


not be powdery; must contain only a small per- 
centage of sulphur ; must be of a porous nature so 
that its combustion will not take place only from 
the outside, but enter into the texture of the 
material, in order that the ash which is formed 
does not cover the surface of the fuel and prevent 
combustion. 

The following is a list of smokeless fuels with 
which the author is acquainted : Low Tempera- 
ture Carbonisation Fuel, Tarless Fuel, Carbocoal, 
Coke Briquettes, Lignite Utilisation Board Fuel 
and Exors, J, Hargreaves Coke. Others have 
been mentioned in the literature, but no specimens 
have been examined by the author. 

Low Temperature Carbonisation Fuel, — The 
coal used is washed bituminous slack, and is con- 
veyed into hoppers which contain the exact charge 
required for a retort. The charge remains in the 
hopper until the previous charge in the retort is 
carbonised, and during this period it absorbs an 
appreciable amount of heat from the tops of the 
retort. Between the hopper and the retort is a 
rotary door, which, when open, allows the coal 
to fall gently into it. At the bottom of the retort 
is a similar rotary door for discharging the pro- 
duct. Below this door is a gas-tight chamber, 
into which the material is admitted when the car- 
bonisation is complete, and it remains here until 
the succeeding charge is ready to leave the retort. 
When the coke door is opened, the original 
charge, which has now become quite cool, passes 
frcun the chamber. The low tem^rature coke is 
kept within the air-tight chamber in order to pre- 
vent loss of volatile constituents and deterioration 
due to burning in the air, and it was found objec- 
tionable to cool it by means of steam, as this 
changed the colour from black to grey. The re- 
torts are built of refractor^’ material, but experi- 
ments are in prepress on the use of cast-iron, in 
order to ascertain whether this can be applied 
The figures given in Table I. are quoted from a 
l^per by Mr. Davidson, given before the Institu- 
tion of Engineers, Bradford, December 13, 1920. 

Tarless Fuel, — This process indicates a novel 
treatment. The coal was carbonised in specially 
designed (Tozer patent) vertical retorts of cast 
ircMtt, arranged so that the coal was carbonised in 
layers not thicker than ahbut sin. The carbon- 
isation was carried out at about 550-600® C. under 


a pressure of about sin. of mercury (vacuum 25in. 
of mercuiy’). The products of carbonisation were 
drawn from the coal, leaving a residue which was 
a perfect smokeless fuel. 

Carbocoal, — The manufacture of carbocoal intro- 
duces a new principle : The pulverised coal is fed 
into horizontal retorts, 20ft, long, 7ft in diameter, 
lined with carborundum, and fitted with two over- 
lapping series of arms attached to two revolving 
shafts. The coal is stirred throughout the low 
temperature carbonisation, and is gradually 
forced to the outlet of the retort, where it is 
automatically discharged. This process is a con- 
tinuous one, and is conducted at a temperature 
of about SCO® C. The coke obtained by the above 
treatment is in a state of vep" fine powder, and 
from the ordinary point of view is valueless. It 

is, therefore, mixed with pitch as a binding 
material obtained from the oils distilled in the 
plant, and made into briquettes, generally egg- 
shaped ; the briquettes are fed into an inclined re- 
tort, heated to a temperature of 1000® C. The 
coke and pitch now undergo a second carbonisa- 
tion at the temperature generally prevailing in 
ordinary coal gasworks. The result is that the coal 
is deprived of practically all its volatile products, 
and the pitch is also decomposed, whilst the fuel 
which leaves the plant is a coke-briquette. The 
fuel has certain distinct features : it is compact, 
tenacious, non-fragile, but, from experiments 
carried out by the author, somewhat difficult to 
ignite. 

Lignite Utilisation Board Briquettes. — This pro- 
cess has been designed specially to deal with the 
lignite which has been found in large quantities 
in Canada. It consists in carbonising the material 
in a finely pulverised state, in a retort so inclined 
that the material is fairly free in moving through 

it. The lignite is non-caking. The carbonisa- 
tion is carried out aUa low temeperature, and the 
resulting coke is mixed with a binding material 
and briquetted at a temperature of about 300’ C. 
The resulting fuel is a perfect type of briquette, 
which is practically smokeless. This process is 
of some interest in view of the large amount of 
lignite which is available throughout the British 
Empire, and which has not received the attention 
it merits, largely owing to the fact its calor- 
ific value appears too low to be an economical 
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product to work. It would appear that by carbon- 
ising and subsequent briquetting, it is possible^ to 
convert it into a fuel having a distinctly high 
calorific value (see analyses). 

Carbon Smokeless Fuel Briquettes (Sun Fuel 
Co ,). — One part of bituminous coal is mixed with 
three parts of anthracite coal (by weight), and 
water is added to the finely pow’dered mixture up 
to about 12 to 15 per cent. The stiff paste thus 
formed is pressed into two sets of moulds, which, 
when placed face to face, are automatically locked 
together, and passed through a carbonising cham- 
ber at 700 to qoo° C. for 15 minutes. 

The volatile matter evolved amounts to about 
14 to 17 per cent, and the resulting briquette is 
a coked mass, in which the carbonisation of the 
bituminous coal has led to the agglutination and 
binding of the anthracite. 

The proportions of bituminous and anthracite 
coal may be varied according to the quality of the 
former, 

Exors. /. Hargreaves Low Teni'perature Coke . — 
Experiments have been carried out upon the low 
temperature carbonisation of coal in a modified 
coke-oven, with a view to determining whether a 
suitable product could be obtained. These have 
proved successful, and a compact fuel has been 
produced containing up to 12 per cent of volatile 
matter, and burning freely. The coal used was 
Mountain Mine coal, which has a very high 
caking power. The product is a very excellent 
smokeless fuel. 

Testing Smokeless Fuels . — No convenient 
method of determining the relative values of 
different smokeless fuels has been developed 
Trials on a standard grate are laborious and im- 
possible for the ordinary consumer. It was, 
therefore, considerd to be of interest to place on 
record the values for two requirements, which are 
of some importance, the proportion of volatile 
matter present and the texture or micro-structure 
of the coke. These two features are important, as 
they indicate the approximate properties and the 
ease with which the fuel will ignite and continue 
to bum. Fuels low in volatile matter will be 
difficulty to ignite, and bum sluggishly. If the 
texture is very porous, the material will be fragile 
and burn rapidly, whilst if too compact the re- 
verse will be the case. 

Table II. sho-ws the approximate analyses of 
specimens vrhich the author has received. It 
should be recognised that the percentage of ash 
depends largely on the kind of coal used. 

Conclusion . — From the above it will be gathered 
that the industry is, at present^ in its infancy, 
relatively to the coal-gas, coke,, or coal industry, 
and that^in this countiy, with the exception of the 
Low Temperature Carbonisation process, it may 
be said to be in an experimental state. It appears 
desirable that collieries or gasw^orks, or both, 
should undertake the manufacture of some type 
of smokeless fuel. Such an undertaking would 
solve the problems of fuel-conservation, air- 
pollution, and efficient heating for our houses. 
Under such an ideal state of affairs /he coal 
coul4 be worked at the pithead, or in conjunction 
with coal-gas. 

I have to thank Mr. A, McCulloch, A.I.C., for 
help in the preparation of this paper. The work 
was carried out under the auspices of the Lanca- 
shire and Cheshire Coal Research Assodatkm. 


THE RAJPUTANA SALT INDUSTRY. 

By P. C. SCOTT O’CONNOR, 

Deputy Commissioner, Northern India Salt Revenue 

The whole of the tract of country’ knowns as 
Rajputana is, generally speaking, saline in 
character. Most of the deeper wells are brackish, 
and in the summer months the water in certain 
areas is undrinkable. The people depend largely 
on rain-water, which is conserved in tanks or 
stored in small reservoirs constructed under- 
ground. For a few months after the rains, how- 
ever, fresh water in small quantities is to be had 
a few feet below the surface, and this is obtained 
from shallow holes dug in the sand. 

All the natural depressions in the country are 
capable of producing salt. The most important 
of these is the salt lake at Sambhar which is the 
largest of its kind in India. It lies at an eleva- 
tion of 1184ft. above sea-level. In shape it is 
somewhat oval, with a length, from east to "west, 
of about twenty miles, and abreadth varying from 
two to seven miles. On the west it is bounded by 
the Aravali range of hills ; on the other sides there 
are vast sand plains. In area it is about go 
square miles. The bed slopes very gradually to 
the centre, where the depth, when the basin is 
full, is about 4ift. A little over 100 years ago, 
the water stretched for 50 miles, and there is no 
doubt but that the two depressions in the neigh- 
bourhood, known as the ‘^Nallia Sur” and the 
“Julga,” which are now separate lakes, were at 
one time merged in the great lake. 

Local tradition ascribes the formation of the 
lake to the gift of the goddess Sakumbri Devi, the 
tutelary goddess of the Chauhan Rajputs, who, in 
return for milk supplied to a religious ascetic in 
A.D 551, converted the forest into a vast plain 
covered with gold and silver. As the inhabitants 
of the locality regarded the gift more in the light 
of a curse than a blessing, fearing it would excite 
the cupidity of the neighbouring clans, the god- 
dess turned the precious metals into salt which 
the rain dissolved and washed into a natural 
hollow, thu§ forming a lake. It is a pretty story, 
and one that is still credited by the simple-minded 
Rajput folk. In 1870, when we finally took over 
the administration of the lake, a peculiar incident 
occurred which greatly excited the people, as they 
thought we had discovered the means of winning 
back the original gift of the goddess. The 
Government chemical analyst, in search for a 
little pure silver, converted some metallic silver 
into chloride of silver, and mixing this with some 
borax to act as a fiux, placed the whole white 
mass in a crucible and made it over to a village 
goldsmith to be reduced to its metallic form. 
When a sufficient degree of heat had been reached 
the workers were a^h^shed to see molten silver 
in the crucible. The rationale of the process had 
to be explained to the local state officials and the 
leading men of the town before they would be con- 
vine^ that there was no magic about it. 

SciSsce teaches us that th^ large majority of the 
salt lakes of the world have been formed, ekher 
by isolation of bodies of sea- water or by the solu- 
tion of rock-salt, ot by the combination of the two. 
Good examples of , Aese processes ^ar^ Dead 
Sea, and the Bitter L^e in the Suez Canal ; but 
there are other iakes^ sqch as Lake proomiah in 
Persia, which ar-^ formed by rainwater „ and 
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streams dissolving effloresced salt and carrying 
the brine into natural basins, which, having no 
outlet, concentrate by evaporation. In regard to 
the Sambhar lake, it was thought at one time that 
the formation of the depression and the salinity 
of the water were caused by subterranean rock 
solution; but borings have failed to show any 
trace of rock salt underlying the bed of the lake, 
nor is there any evidence of such salt anywhere 
in Rajputana, The theory, therefore, that the 
salt in the lake is derived from the denudation of 
the rocks of the surrounding country w^hich were 
once assumed to belong to the Permian system, 
a system abounding in limestone and salt, does 
not appear to be the correct explanation. It was 
also conjectured that, at some past period of the 
world’s history, the sea receded from the present 
sandy wastes of Rajputana, leaving the soil im- 
pregnated with salt, which w'as gradually washed 
by rain into the natural depressions in the 
country. As millions of tons of salt have been 
taken out of the lake in the past, and spontaneous 
or naturally-formed salt is no longer obtainable, 
it was thought that the supply of salt was becom- 
ing exhausted; but investigations made by Sir 
Thomas Holland and Dr, Christie show that there 
has been no appreciable diminuution of the stock 
of salt, which is sufficient to meet all demands 
for a practically unlimited period; and, more- 
over, that the supply is being contributed to from 
year to year by dust salt brought in by the summer 
winds from the sea. The disappearance of spon- 
taneous salt is due entirely to the inflow of silt, 
which has buried a large part of the bed of the 
lake. 

In a paper on “The Origin of the Salt Deposits 
of Rajputana,” published in the Records of the 
Geological Survey of India in igog. Sir Thomas 
Holland wrote : — 

“Investigations have shown that the salt re- 
sources of Sambhar are confined to a body of sali- 
ferous silt, stretching over an area of 8o to go 
square miles, and attaining depths in the centre 
of 6o to 70 feet. The analyses made of samples 
taken at regular intervals over the lake-bed show 
that lu the upper four feet of silt, over an area 
of 63 square miles, there is an accumulation of 
more th^ 18,000,000 tons of salt.” In regard to 
the salt blown in from the sea, it is stated that it 
is “brought in in the form of fine dust by the 
strong south-west winds that blow across the salt- 
encrusted region of the Runn of Cutch during the 
months of April, May, and June of each year,” 
and that in the monsoon ^‘tfae finely-divided salt 
dust tlmt may have reached the heart of the desert 
is washed into the hollows occupied bv brine 
lakes.” 

The upper two feet of the bed of the lake are 
composed of black, foetid mud, giving off sulphur- 
ated hydrogeii, derived from the decomposition 
of animal ana matter, which is the 

cause of the characteii^ic and unpleasant smell 
often noticeable. 

The lake has no putlet, but there are four 
streams — the Menda, Rupnagar, Kharian, and 
Khandel — which flow into it. These streams, with 
their tributaries, drain an area of no less than 
2200 square miles : amsequently, in a year of 
heavy rainfall, such as 1917, when the fall 
measured over 41111., as against an average of 
aolti., the lake Alls to overflowing, In the early 
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summer months, when the lake is dry, the glaro 
and heat are intolerable, and the whole country 
presents a picture of the greatest desolation; 
during the rains a marvellous change takes place, 
The scener\' then is exceptionally tine, and the 
sunset effects are the most gorgeous I have wit- 
nessed on the plains of India. Particularly in- 
teresting is a visit on a breezy moonlight night 
to the embankment which guards the salt works 
from the main body of the lake. The heaving 
mass of water, the sparkling, foam-crested waves, 
the boom of the surf, the smell of the air, all re- 
mind one of the sea, and, as one gazes westward, 
visions of white cliffs emerge from the back- 
ground of the sky. 

The lake lies within the boundaries of the States 
of Jaipur and Jodhpur. The western half is 
owned by Jodhpur, while the eastern half is 
owned jointly by the two States. The population 
in the neighbourhood is sparse, owing to the ster- 
ility of the country", but there are two towns, 
Sambhar and Nawa, wit ha population of about 
12,000 and SjOoo respectively, situated on the 
shores of the lake itself. The lake was worked 
by the Emperor Akbar and his successors up to 
Ahmad Shah, when it reverted to the Rajput 
Chiefs of Jaipur and Jodhpur. From 1835 to 1844 
it was worked by the Indian Government to repay 
them for compensation due and expenses incurred 
in repelling the predatoiy raids of the Rajput 
tribes in British India. On February i, 1870, it 
was leased to the Indian Government, since when 
It has remained under our administration. The 
principal object which Government had in view 
in obtaining a lease of the lake was to increase 
the supply of salt and reduce its price in the 
United Provinces of Agra and Oudh by providing 
skilled supervision and improving communication 
betw’een it and the markets. Prior to its acquisi- 
tion by the Indian Government, the Salt Depart- 
ment of Northern India, then known as the In- 
land Customs Department, was not concerned 
with the manufacture of salt. The great Customs 
Line — a chain of posts, 2472 miles in length — 
stretched across India from Torbela on the Indus 
to the Mahanadi, in the Central Province, and 
duty was collected at the ckaukis on the line on 
salt coming up from the Rajputana sources, des- 
tined for British India. By 1878 the Indian 
Government had assumed the management of the 
remaining sources in the Jodhpur State, and had 
negotiated treaties with all the other Rajputana 
Chiefs within whose territories salt w’as being 
manufactured, enjoining the closure of the works, 
on payment of compensation, or the restriction of , 
the output at w’orks left open under the manage- 
ment of the Darbars. Duty was now levied at 
the sources and the Customs Line abolished. The 
sums paid under these treaties to the Darbars, in- 
cluding the payments made for the Sambhar lake, 
amount to nearly 35 lakhs of rupees a year, and 
some of the principal States also receive a fixed 
quantit>^ of salt yearly, either free of price and 
duty or on pajnnent of half the duty only. 

In the early years of our management, the 
Sambhar lake had not the importance which it 
now possesses as a source of supply. The aver- 
age quantity of salt annually manufactured dur- 
ing the six years from 1870-71 to 1875-76 was 
16,56,956 maunds, whereas the average quantity 
put up during the past six years was 55,63,265 
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The greatest quantity manufactured in any one 
year was 1,11,90,738 maunds in 1918-19. Since 
1870, the lake has yielded over 20 crores of 
maunds of salt Sambhar salt is in general use 
throughout Rajputana, and is extensively con- 
sumed in the United Provinces and Central India. 
Lesser quantities are exported to the Punjab and 
Bihar. During the war, when the supply of im- 
ported salts fell oif, the demand for Sambhar salt 
from Bihar rose considerably and some was also 
sent, for the first time, to Bengal. Now that 
foreign imports have increased, the demand from 
Bengal has practically ceased, while the exports 
to Bihar have fallen to about one-fourth of the 
war-time demand; but the quantity is still about 
five times as much as in pre-war times. 

In the dr\’, hot air of the desert, eveaporation 
IS rapid, and within a few months after the rains, 
in a year of normal rainfall, the waters of the 
lake contract and gather towards its central and 
deeper parts, where, after further evaporation, 
a wide bed of spontaneous salt is exposed to view. 
Owing, however, to the belt of soft mud by which 
this salt is surrounded, it is imixjssible, except at 
a prohibitive cost, to gather it and bring it to 
store. Spontaneous salt is, therefore, no longer 
gathered, and all the salt now obtained from the 
lake is manufactured. Salt is won by two 
methods : from permanent salt works constructed 
in the bed of the lake and called hyarSj and from 
shallow pans of a temporary nature constructed 
on the lake shore. The former are worked by the 
Department and the latter by contractors. A 
kyar is a large rectangular enclosure divided into 
pans and protected from the lake w^ater by high 
embankments pitched wdth stone. Alongside the 
kyars are platforms for the storage of salt s-^id 
reservoirs for brme. Before die monsoon sets in, 
the mother-liquor (otherwise known as ‘‘bitterns^O 
which is the concentrated residual brine from 
which the salt has separated, is pumped out of the 
pans, which are then cleaned and prepared for the 
following season^s crop. As soon as the rains 
have ceased, the sluice gates of the reservoirs, 
which have been left open during the monsoon 
for the admission of brine, are closed, and as 
much extra brine as the reservoirs wull hold is 
pumped into them. If the rains have been heavy 
and the kyar pans are flooded, the excess brine 
IS pumped out, Avhiie if they are not full enough, 
bnne is added. In a normal year the brine in 
the pans, after the rain, has a density of about 
10° Beaume, and it is the object of the manufac- 
turing officer so to keep his pans supplied with 
brine ks to have a depth of i2in. when the density 
has risen by evaporation to 25® B This will 
leave him about 4in. of brine when the density has 
reached 29® B. or 30® B., when extraction of salt 
begins. This depth of brine is essential to keep 
in solution the magnesium and other undesired 
salts which may be present and is also required 
for the washing of the gathered salt. 

The lake brine is a complex solution of sodium 
chloride (sodium sulphate, sodium carbonate, 
calcium carbonate, and a trace of magnesium 
salts. Now the object of the salt manufacturer 
is to extract the sodium chloride as free from the 
other a$ circumstances will permit. To 

enable him to do this, it is necessary that he 
should not only be acquainted with the various 
salts in the brine, but should also study thair ^ 


haviour and mutual reactions in solutions of 
various degress of concentration at different tem- 
peratures. An instrument, known as Beaume's 
hydrometer, designed to show the density of 
fluids, wull tell him how the evaporation of his 
brine is progressing, and what changes are taking 
place in it; but, as the presence of other salts in 
the brine afiect its reading, experience alone wull 
enable him to correct the error in practice, 
and visual examination of the salt crust, 
from day to day, will help him to decide 
w’hen to begin extraction and when to 
stop it. Fuither, it is imperative that he 
should observe closely all changcb in the weather, 
as such changes materially affect the quantity and 
quality of the salt manufactured. 

The extraction of salt at the lake is done en- 
tirely by manual labour. As soon as the salt has 
formed, labourers — men, women, and children — 
enter the pan and gather up the crust into small 
heaps. Some skill is required in this operation to 
avoid taking up the mud on which the crust lies. 
After the heaps have been thoroughly washed with 
residual brine and allowed to dry, the salt is 
carried in baskets, by headloads, and in bags on 
buffaloes, to the storage platform, where it is 
built up into conical and oblong pyramids, sloped 
to an angle of 36® — the angle of repose for granu- 
lar, loose salt — and containing from 50,000 to 
1,00,000 maunds each. These heaps are beaten 
and smoothed as a protection from rain, but not 
covered. The wastage amounts to about 
surface salt per annum. Formerly payment was 
made on estimation at the close of the day’s work 
to each labourer separately for the salt he had put 
up. This necessitated the making of innumerable 
little heaplets on the storage platform prepara- 
tory to the removal of the salt to the main heap. 
Now a very much better system has been intro- 
duced, and has resulted in a considerable saving 
of time and ener^* to all concerned. A contrac- 
tor has been appointed, and the labourers are paid 
by him for each basket of salt as it passes his 
overseer on its way fro mthe pan to the main 
heap, the contractor himself being paid on the 
estimated contents of the main heaps, payment 
being made fortnightl). 

If extraction is begun at the right time, and all 
dirt and insoluble matter w^ashed or peiked out, 
Sambhar kyar salt is of excellent quality. The 
^crystals are laige, hard, and white. Representa- 
tive samples have on analysis been found to con- 
tain over 99 per cent of sodium chloride* 

Pan salt is made by private contractors in 
shallow pans on the shores of the lake. These 
works are of a temporary nature, constructed each 
year after the monsoon. Brine is obtained from 
wells dug in the bed of the lake. The produce is 
white, and of fair quality, but, as the cr\’stals 
are small, due to the.s^l lowness of the pans used, 
this variety is not much in favour wdth traders 
as it loses weight in transit. 

Tvrenty years ago there were eleven kyam at 
the iake> covering aa area of about 7^ acnes; 

two more kyars have since been constructed 
and it is propos^ to add another. As thd iabbbr 
formerly employed, by pan contractors^ IS iiow em- 
ployed in the dbe manufacture salt 

is fast dyin^ ^ U ^ 

. The of productioir is about 1 aniia and 2 
pies per maund <^kyar salt, smd 7! pies per 
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naund of pan salt. These figures include the 
:ost of upkeep of works and interest on capital 
»unk. The salt is sold at the source at a uniform ' 
?rice of 4 annas a maun 4 , and the duty is Rs 1-4-0 
1 maund. 

As will already have been noticed, the manufac- 
ture of salt at the Sambhar lake is dependent to a 
large extent on the monsoon rainfall. Given 
favourable conditions, no more than two crops of 
salt can be obtained in a seasoii with the existing 
plant; but, as even this quantity is barely suffi- 
cient to meet the demand, the difficulty ex- 
perienced by the Department when the monsoon 
fails can easily be imagined. Some years ago, 
when spontaneous salt could no longer be obtained 
at a reasonable cost, the works were enlarged by 
the addition of two kyars, and canals were con- 
structed m the bed of the lake for the supply of 
subsoil brine; but the latter have not proved a 
success as they silt up very rapidly and cost a 
great deal to keep m working order. Moreover, 
the salt produced fropa such brine is inferior in 
quality. 

Before the war, little, if any, effort was made to 
develop the sources and push sales. Times, how- 
ever, have changed, and what satisfied us yester- 
day does not satisfy us to-day. The services of 
technical experts have been secured, and the aim 
of the Department now is, not only to meet the 
present demand, but to win new markets for its 
produce. There is no reason whatever why India 
should not produce all the salt she requires. 
With so extensive a seaboard and such vast de- 
posits of salt as are found inland, and an ideal 
climate for manufacture, she ought not to have 
need of large imports of foreign salts. Nature 
has equipped her admirably with the means, and 
she is in a position to supply the requirements of 
her teeming millions without outside help. 

Schemes for the thorough development of the 
sources have been worked out by experts. Some 
of these have, in whole or in part, been sanc- 
tioned, while others have been postponed owing 
to financial stringency, At Sambhar, a large 
reservoir — ^a long-felt need — is under construction. 
The comfort and welfare of the workers are re- 
ceiving attention ; and labour settlement, with 
comfortable quarters and a good water supply, is 
nearing completion. A new kyar, a central store, 
an efficient pumping plant, an electric installation 
and mechanical transport — all parts of the main 
scheme — are yet to come. These vrorks will cost 
a substantial sum; but the money spent on them 
will be repaid several times over in a veiy’ short 
time by the profits that will accrue. 

Provided, then, that the money required is 
sanctioned, the Department will in a few years 
be in a position to turn out salt of the finest 
quality in greatly increased quantities . — Journal 
43/ Indvin Industries and Labour. 


Photography of Coloured OsjECTS—The ad- 
vance in photography during recent years has been 
so rapid, and the results so far-reaching, that one 
cannot but feel surprised to read in a recent 
address by Sir William J. Pope, that “at the 
present time a rapid panchromatic plate is 
on the market which is much faster to red than 
to blue light.” Such a plate has very great 
possibilities. 
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FUEL PROBLEMS OF THE FUTURE* 

By Sir GEORGE T, BEILBY, F.R.S. 

(Continiied from p. loa). 

Considering next the production in the Empire 
outside the United Kingdom, molasses is the raw 
material which can be converted into alcohol most 
cheaply. Molasses is a bye-product of sugar re- 
fining; and the quantities available for the manu- 
facture of alcohol are therfore dependent on the 
refined sugar output. The estimated Empire pro- 
duction of refined sugar in the season ig 19-20 is 
just over one million tons; and the whole of the 
resulting molasses ivould only produce about 17 
to 18 million gallons of 95 per cent alcohol. 
Considerable quantities of molasses are used in 
this country for the manufacture of industrial 
spirits. The output of the home distilleries 
equipped for the production of molasses alcohol 
is limited, however, to (say) some 7 or 8 million 
gallons of 95 per cent alcohol ; and in view of the 
present cost of materials and labour and of 
freight, it would hardly be a conimercial proposi- 
tion to erect additional distilleries here f.or ^he 
purpose. It would be better to convert the 
molasses into alcohol where it is produced, to use 
the alcohol where it is made to supplement or re- 
place petrol, and to export the balance. With 
the present increasing output of cane sugar, there 
should be very considerable quantities of molasses 
available for the manufacture of power alcohol ; 
and the possibility of utilising these molasses is 
being brought to the notice of the authorities of 
the countries conemed. Even in the most favour- 
able circumstances, however, the quantities of 
power alcohol available from this source must be 
(as sho%Yn above), comparatively small, and will 
in the first instance mainly be used in the neigh- 
bourhod of its production in replacement of 
petrol. 

Some of the legislative questions which arise 
in connection with the use of alcohol for power 
purposes have been dealt with in the Finance Bill 
for this session. A section of the Bill provides 
for the use of a new description of methylated 
spirits, to be called “power methylated spirits,” 
for generating mechanical power, and for the pay- 
ment of the same allowance in respect of such 
methylated spirits as applies to methylated spirits 
used for industrial purposes — namely, 3d. a 
proof gallon. It also gives power to the Board 
of Customs and Excise t6 make regulations as to 
the composition and quantity of the denaturant. 
A denaturant will shortly be authorised for power 
methylated spirits, which it is hoped will reduce 
to the minimum the cost of denaturing spirits to 
be used for this purpose. Clauses will also be in- 
serted in the forthcoming Revenue Bill extending 
facilities for the importation and distribution of 
spirits in bulk, and enabling the Board of Cus- 
toms and Excise to make regulations providing 
for the use of alcohol in generating mechanical 
power. While it is necessary, in view of the high 
duty on spirits in this country, to maintain some 
restrictions upon their use free of duty, one result 
of the Government action will be that the pro- 
duction and use of alcohol for power purposes 
will be much facilitated, and the expense con- 

♦Dclivered in the theatre df the Institution of Civil Engineers, 
Lond<m. Inserted by favour of the Gas Journal^ June 29, 1921. 
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nected with any necessary" restrictions will largely 
disappear. 

As regards the work of the past year, Sir 
Frederic Nathan reports that experiments carried 
out on the cultivation of Jerusalem artichokes 
have indicated that very good yields of alcohol 
per acre could be obtained from them. These 
experiments are being repeated this year; and if 
the previous year’s results are confirmed, it may 
be desirable to consider the possibility of growing 
this tuber to supply a limited quantity of alcohol 
for special purposes, such as aviation. An examin- 
ation of the artichoke stems has indicated that it 
may be possible to convert thein by simple treat- 
ment to paper pulp. Should this prove to be the 
case, both products would be cheapened. 

The investigation as to the possibilities of pro- 
ducing alcohol in the Empire overseas are still in 
progress. So far as they have gone, they indi- 
cate that in the sugar growing countries, 
molasses, from which alcohol might be obtained, 
is being wasted, but that the quantities are com- 
paratively small, and in most cases would be in- 
sufficient to meet even local requirements for 
alcohol. Alcohol might be made from suitable 
crops grown specially for the purpose in those 
Dominions and Colonies where labour is avail- 
able, and used to supplement or to take the place 
of supplies from the above sources. Some such 
course is specially desirable where petrol is dear 
and difficult to obtain — for instance, in the East 
African Protectorates and West African Colonies, 
which are, moreovef, very dependent on motor 
transport for their development. 

The use of cellulosic materials is not yet 
possible, because though research w"ork is in hand 
to find a process that could be employed on a 
commercial scale in those regions where such 
materials exist in sufficient abundance, it has not 
so far led to any definite results. Where, how- 
ever, materials capable of easy hydrolysis exist 
(as, for instance, in the case of waste rice-strawr), 
the recent large-scale experiments in Burma, 
carried out under the auspices of the Burma Oil 
Company, appear to indicate that the joint pro- 
duction of alcohol and paper should be a com- 
mercial possibility (see Sir Charles Bedford, 
Jour. Roy. Soc, Arts^ June, 1921). 

Until alcohol can be made from waste materials 
which can be collected and treated at small cost, 
it does not seem likely that Empire-produced 
alcohol can be imported into this country on any 
considerable scale; it is impiobable that it can be 
produced cheaply enough or in sufficient quanti- 
ties from materials growm for the purpose in 
those overseas portions of the Empire which will 
no doubt before long produce it in this way for 
local consumption. 

The Finance Bill of 1921 contains clauses 
giving the Commissioners of Customs and Excise 
powers to make regulations with respect to spirits 
manufactured otherwise than by distillation, and 
with respect to the manufacture, storage, removal, 
sale, use, and supply of power methylat^ spirits, 
and the importation, storage, removal and use of 
spirits to be used in their manufacture. 

Another of the fuel problems of the future is 
the winning and utilisation of peat. The history 
of the association of the Fuel Research Board 
with this problem has been given in various pub- 
lications of the Department of Scientific and in- 
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dustrial Research. Among these, the report of 
the Irish Peat Inquiry Committee, of which our 
imst President (Sir John Purser Griffith) was the 
Chairman, stands out most conspicuously. This 
subject would in itself supph" material for many 
lectures; but on the present occasion it can only 
be brieflly referred to in its relation to the subject 
of our consideration to-night. 

Reference has already been made to the exten- 
sive peat developments which are in progress in 
Germany. These are based on the experience 
gained at the Wiesmoor Peat Station, which has 
been in operation since 1910. The peat is dredged, 
macerated, and spread on the surface of the bog 
to dry. By stacking under cover, the moisture of 
the peat blocks can be reduced to 25 per cent 
solelj' by air-dr\ung. It has been stated that, 
prior to the war, one ton of air-dried peat con- 
taining 25 per cent of moisture could be produced 
for 4 marks. For steam-raising purposes two 
tons of this peat are equal to about one ton of 
coal. At the Wiesmoor Station, eight water-tube 
boilers are fired by peat. The new stations in 
Germany are being designed on a much larger 
scale; no effort being spared to render them as 
perfect as possible. 

These schemes appear to ignore the funda- 
mental difficulty which applies to the winning of 
peat in quantities sufficient to meet the day-by- 
day requirements of any large central station. 
When it is realised that the peat deposit in a bog 
20ft. deep is only the equivalent of a 12 or i4in. 
seam of coal, it will be evident that even an out- 
put of 1000 tons a day of air-dried peat involves 
the laying-out and development of an enormous 
surface. _ At the Zehlonbruck plant, near Kdnigs- 
berg, it is proposed to use 920,000 tons per annum, 
or about 2500 tons per day. 

Prof. Purcell informs me that to win mechani- 
cally 900,000 tons of air-dried peat in one season, 
at least 4,500 men, women, and children would 
be required; and the area over which the spread- 
ing and drying operations would extend could 
not be less than 9000 acres, or (say) 15 square 
miles. He suggests that in dealing with any 
production, over 60,000 to 80,000 tons per annum 
from any single district, the difficulty would in- 
crease as the square of the production. 

The Irish Peat Inquiry" Committee was fully 
informed as to the position of peat winning in 
Germany prior to the war, and also as to the 
earlier survey and investigation work of the 
Canadian Department of Mines. In April, 191S, 
a Peat Committee was set up by the Federal 
Government in co-operation with the Government 
of the Province of Ontario, to investigate the 
possibility of manufacturing peat fuel on a com- 
mercial scale. The Alfred Peat Bog, on which 
the w"ork of the Committee is being carried out, 
is about 43 miles east" of Ottawa, and about 70 
miles from Montreal. Last summer. Prof, Pierce 
Purcell, the Peat Investigation Officer of the Fuel 
Research Board, visited the experimental station 
at this bog, and carefully studied the results 
which had been achieved under the direction of 
Mr. E. V. Moore, the engineer in charge. Prof. 
Purcell was able to watch the harvesting operation 
over a period of vyeeks, ^nd obtained mmh useful 
information as to machines and methods. His 
discussions with Mr. MooreTWere most useful ; and 
on his return to thi|^s^iEountry he presented to the 
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Fuel Research Board an Exhaustive report on his 
visit. During the present season Prof. Purcell 
hopes to visit the peat stations in Sweden, Ger- 
many, Denmark, Holland, and France. We shall 
thus be in intimate touch with all the more im- 
portant developments which are in progress; and 
the Fuel Research Board hope, by continuing the 
publication of full reports, to serve as a useful 
centre of information on the subject. 

With regard to the Board’s own activities, these 
were necessarily seriously curtailed by the war 
and the post-war conditions in Ireland. Last 
season (1920), however, peat w-as cut, macerated, 
spread on the bog at Turraun, air-dried, and 
harvested. 

At the beginning of the present year, 100 tons 
of this air-dried peat were sent to the Fuel Re- 
search Station, where some interesting experi- 
ments were carried out on its use for boiler firing 
and for carbonisation. The peat %vhen it reached 
the Station, contained about 27 per cent of 
moisture. After having been kept under cover 
for some months, the moisture w’as reduced to 
about 17 per cent. This peat is in the form of 
hard blocks of various lengths, up to about loin., 
with a cross section of something like 2 by 2in. 
Its density is rather under 1, or about twice that 
of the ordinary hand-cut sods made on the same 
bog. The blocks can be sawn and cut like hard 
wood; and they stand transport with veo^ little 
breaking-up into smalls. In this respect they 
contrast very favourably with the ordinary hand- 
cut sods, which break down seriously in transport 
by rail or road. 

The result of last year’s experience at Turraun 
shows that : — 

(1) Machine peat dries more quickly than ^‘cut 
peat” under equal weather conditions. 

(2) Peat spread during August, and even as late 
as September 3, will have dried sufficiently — say 
to 55 per cent moisture — to be used as a fuel. 

is) it ''*33 ixissibie in the wet and im favourable 
season experienced to dr>’ three separate spread- 
ings of peat on the same area. 

{4) The peat cut and spread as early as February- 
5 was little damaged by the rain and frost in the 
early part of the year, and was harvested, 
although four months were required to complete 
the process, 

(5) The peat-winning season at Turraun ex- 
tended over seven months last year — namely, from 
February 5 to September 3. 

(6) Machine peat can he ‘‘footed” when contain- 
mg 75 per cent moisture or less, and may be 
"clamped” when containing 40 to 50 per cent 
moisture. Slow’ final drying is necessary’ to get 
the best results with machine peat; and it is ad- 
visable that this should be done in a large "clamp” 
— the toughest blocks being thus produced. 

l7) The seasoi^ ^ referred to had been one of the 
experimieed for some years. In six out 
of night months, the rainfall exceeded the average 
for the past five years; and although June was a 
dry month, there were 163 rainy days in the eight 
months. 

Steam-raising trials at the Fuel Reseaich 
Station have shown that the peat io this form is 
an excellent fuel. Though the evaporative efiS- 
ciency actually obtained was only 65-4 per cent, 
this was obviously due tt> tbe nnsiptability of the 
furnace arrangements. Further trials will be 
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made under more favourable conditions!^ • j 

Peat blocks lend themselves admirably to csiXt 
bonisation, either in vertical retorts at temM^" 
tures between 700° and 900° C., or in steel retoitt 
at 350° to boo"* C. The charcoal resulting from 
carbonisation is an ideal fuel for suction-gas pro- 
ducers. The oils obtained by carbonisation are 
now being examined. 

As coal is likely to remain the chief source of 
fuel, not only for Great Britain, but for the world 
at large, the problems of its winning, preparation, 
and use, still occupy the foreground in all serious 
consideration of the subject. In the solution of 
these problems there is ample scope for the skill 
and enterprise of an increasing number of fuel 
experts and engineers, not only in the pioneering 
work of experiment and inquiry, but in the organ- 
isation and development of new methods as these 
are evolved. 

In seeking to come to closer quarters w’ith these 
questions, it may be helpful if we can set them 
out with some sense of proportion and perspective 
as they appear from the British point of vieiv. 
We know, broadly, that in normal times before 
the w’ar, the annual output of coal of the mines 
of the United Kingdom was approximately 287 
million tons, of which i8g million tons were con- 
sumed as follows : — 
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If from this total we deduct items 5, b, and 8 
(iron and steel, other metals, and gas works) — to- 
gether say 50 million tons — the balance of 139 
million tons represents the amount which is 
burned in the raw’ or natural state of the coal. 
The greatest of the fuel problems of the future is 
to decide w’hat proportion of this huge total it 
will pay to subject to a preliminary’ operation of 
carbonisation of gasification, with the object of 
sorting out the potential thermal units of the coal 
into groups of higher availability or greater con- 
venience as fuels — ^.g.j gas, motor spirit, fuel 
oils, and coke. 

Though the operations of carbonisation and 
gasification necessarily involve the expenditure 
and loss of some of the thermal units of the coal, 
so that tbe collective thermal value of the new 
fuels is less than that of the original coal, yet the 
loss may be more than compensated for by the 
increased value of some of the new fuels. 

At the prices bf to-day, a *‘therm” in the form 
of coal costs from id. to 2d., while in the form 
of motor spirit its cost is from 2od, to^ and in 
the form of town gas lod. to isd. These figures 
show the premiums wrhich can be paid for the 
higher "availability” of special fuels. The general 
recognition of the value of availability and con- 
venience of the more costly forms of fuel must 
not tempt us to overlook the necessity for a criti- 
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cal examination of the uses to which the more ex- 
pensive fuels are being devoted. 

In the case of motor spirit, there is a decided 
tendency to regard mere convenience as a suft 
cient justification for its use. While for swift 
transport by air and by road there is no cheapet 
substitute in sight, there are good grounds foi 
believing that, for the heavier forms of motoi 
traffic, motor spirit may be replaced by much less 
expensive fuels. A certain amount of success has 
already been attained in the use of small suction- 
gas producers in the slower and heavier classes of 
motor vehicles. The best hopeful prospect in this 
direction appears to me to be based on the design- 
ing of small suction-gas producers for definite 
types of solid fuel. The inventor too often feels 
that the success of his invention will depend on 
its adaptability to a great variety of conditons; 
and he fails to make any one successful design by 
attempting to deal simultaneously with a number 
of variables- 

Small suction-gas producers for motor vehicles 
ought, in the first instance, to be definitely de- 
signed for, and worked with one definite type of 
solid fuel. Anthracite, iow-temperature coke, 
wood, charcoal, and peat charcoal, each have theii 
special characteristics, which will affect the design 
and working of the gas producer. The more im- 
portant features which must be taken into account 
are : Freedom from tarr>' or oily impurities, 
densitVs infiammabijity, and the quantity and 
nature of the mineral ash. 

Before considering in more detail the role of 
carbonisation and gasification at various tempera- 
tures as a means of sorting out from raw coal 
solid, liquid, and gaseous forms of fuel, let us 
pass in review very broadly the uses to which the 
139 million tons of coal are put which are con- 
sumed in the raw state. * 

We all take our share in the consumption of the 
35 million tons of coal which are devoted to 
domestic use; and most of us have a kindly feel 
ing for our old friend the open fire. The work 
of Dr. Margaret Fishenden on open fires has 
definitely shown that, under* reasonable conditions 
of firing, 20 per cent of the total potential heat 
of the raw coal is radiated into the room, and 
that a further 20 to 30 per cent is given up to the 
fabric of the building before the waste products of 
combustion leave the chimney. Smoke and soot 
are, however, an unduly heavy price to pay foi 
the transient cheerfulness of the flaming coals 
in a well-stoked fire, especially wffien we remem- 
ber that over long periods the ordinary fire is 
only smouldering and dreary looking. The coal- 
fired kitchen range, unlike the open room fire, 
has few, if any, sentimental associations, and its 
leplacement by gas-cookers and coke-fired water 
heaters is only a matter of time. 

I have for many years taken a deep interest in 
the production of a solid smokeless fuel for 
domestic purposes by the carbonisation of selected 
coals at 550° to 600® C. The resulting coke is 
entirely free from smoke-producing hydrocarbons, 
while still containing 10 to 12 per cent of volatile 
combustible matter, which bums with a slightly 
luminous, perfectly smokeless ffame. When the 
coke is kindled, it becomes enveloped by these 
flames^ wHdk quickly raise the surface to incan- 
descence. Undoiffitediy, if this smokeless sol^ 
fuel could be introduced at a cost permitting of 
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its being sold at little more than the price of the 
coal which it would replace, it w’ould lead to a 
complete revolution in domestic heating, and, 
among other good things, to the abolition of black 
smoke from house fires. This attractive prospect 
has been spread before our eyes for many years 
by enthusiastic inventors and company promdters, 
yet its realisation seems always to move a little 
further into the future. 

The problem really has two distinct sides — 
the technical and the economic. On the economic 
side, the data for a final solution will only be ob- 
tained after the technical solution has been 
reached. In other uords, until a fair-sized indus- 
trial plant has been earned on continuously over 
a long period, making and disposing of all the 
products of carbonisation under steady market 
conditions, no one can say whether or not the 
business will be a profitable one. 

On the engineering side, an efficient and not too 
costly apparatus must be designed and constructed 
I'n the working of which manual labour, fuel con- 
sumption, and maintenance costs are all reduced 
to a minimum. In these respects — as well as in 
its output capacity on a given ground area — the 
apparatus must stand comparison \vith gas-retorts 
and oil-shale retorts of the most modern types 
Only w’hen this ideal has been practically realised 
can the future of low-temperature carbonisation 
as a business proposition be put to the test of con- 
tinuous working on a large scale under the labour 
and market conditions of the day. 

From the experience of the past two yearn at the 
Fuel Research Station with a considerable^ varietv 
of coals, w^e know with certainty the yields and 
quality of the gas, oils, and coke produced under 
definite conditions; but this knowledge is only 
the first step in the inquiry. For, until we know’ 
vrith equal certainty the cost of producing these, 
and the markets in which they are to be disposed 
of, no economic balance-sheet of any real value 
can be arrived at. 

Let me illustrate the market uncertainty by a 
few' comparative figures. Assume that 15 gallons 
of fuel oil suitable for naval use can be obtained 
from a ton of coal. Six months ago the value of 
this oil could be safely taken at is. per gallon; 
and the 15 gallons would have realised iss. To- 
day, the price of this oil is only 4d. per gallon; 
and the product w’ould therefore only realise 5s. — 
a drop of los. per ton on the coal carbonised. It 
is obvious that a method of carbonising which 
would have paid its w^ay handsomely six months 
ago would to-day result in a loss. My owm belief 
is that low-temperature carbonisation can only be 
established on a sound commercial basis with low 
operating costs and a very moderate margin of 
profit 

Prior to 1914, the shale-oil industry in Scotland 
was distilling three naillion tons of shale per 
- annum. The entire cost of the carbonising opera- 
tion, for labour, maintenance, and fuel was is. 6d. 
per ton; and the margin of profit on which fair 
dividends were paid was 2s. 6d. per ton. Unless 
the costs and profit margins of low-temperature 
carbonisation can be reduced to the modem 
equivalents of these figures, the prospects of its 
development on a scale are nc^ .hopeful, 

from the national point of v*iew. 

If low-twperature is proved to 

a feasible operation commercially, it would 
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find it first and most natural application to the 35 
million tons of coal used for domestic purposes. 
Were this coal all carbonised, it would produce 
about two million tons of fuel oil for the Navj% 
or considerably more than the peace requirements, 
though ver>' much less than the war requirements. 
The mptor spirit produced would amount to about 
100 million gallons. 

The capital expenditure required for the instal- 
lation- of car}x)nising plant for 35 million tons of 
coal per annum would be of the order of 30 to 40 
millions sterling. A gross profit of 5s. per ton 
of coal carbonised would provide 10 per cent for 
interest, and 10 per cent for depreciation on this 
expenditure. 

The application of low-temperature carbonisa- 
tion to raw coal which is used in the industries 
must necessarily depend on the successful solution 
of the technical and engineering problems to 
which reference has been made. In this case also, 
the future possibilities of this application depend 
entirely in the evolution of apparatus and methods 
which will reduce the capital and working charges 
of the operation to a minimum. 

(To be continued) 


NOTICES OF BOOKS. 

An Introduction to the Chemistry ' of Plant Pro- 
ducts, VoL I. By Paul Haas, D.Sc., Ph.D., 
and T. G. HiLL, A.R.C.S., F L.S. Third 
Edition. Pp. xiii.-f4i4. 1921. London: 
Longmans, Green & Co. Price i6s. net. 

With this edition, the authors have divided 
their treatise into two volumes : Volume L, which 
is essentially the same in scope as the earlier 
editions, deals primarily with the chemi- 
cal side of the subject; but a sufficiency of plant 
physiology has been retained to make the book 
complete in itself. Vol. IL, ivhich is in prepara- 
tion, will be devoted more to purely physiological 
problems. The present volume has been brought 
up-to-date, some portions have been re-written, 
for example, Section viii., which deals with the 
colloids, has been enlarged upon. The book con- 
sists of ten sections, each section dealing with 
a group of plants belonging to the same 
chemical family; for instance. Section i. deals 
with fats, oils, and waxes; Section ii with alde- 
hydes; Section iii, with carbohydrates, &c. At 
the end of each section is given a short biblio- 
graphy, to which the reader may turn for more 
detailed accounts of the subject under discussion. 
Ammonia and ike Nitrides, By E. B. Maxted. 
Pp. viii. 4 - 1 16. iq2i. London: J. & A. 
Churchill & Co, Price. 7s. 6d. 

In this small volume, the author briefly des- 
cribes the researches of Ifaber, Le Rossignol, and 
others, on the synthesis of ammonia and the con- 
ditions which govern the equilibrium point, to- 
gether Avith his own work on the synthesis of 
ammonia at very high temperatures. The results 
are carefully tabulated, and a clearly-written 
account of the experiments- made, with good dia- 
grams of the apparatus used, combine to make 
this section valuable alike to research workers 
and to students. 

The second portion of the book, dealing with 
that little-kaoim class of compounds — the nitrides 


— contains first, an account of the general .methods 
of preparation and properties of thoSe bodies, 
followed by a short description of each one 
has so far been obtained. The book conclOTo^n 
with a chapter on the w'ork of Strutt, and the 
more recent work of Tiede and Domcke on the 
preparation, properties, and probable constitution 
of active nitrogen. All the information given is 
of the latest and most up-to-date character, and 
the book is both interesting and valuable to read. 


CHEMICAL NOTICES FROM FOREIGN SOURCES- 

Comptes Rendiis Hehdoviadaires des Seayices de 
VAcademie des Sciences. Vol. clxxiii., No. 5. 

‘‘The System Bromine-Tellurium. Nature of 
Tellurium Sub-bromide.”. — By M. A. Damiens. 

‘Preparation of Acyclic S-diketones.” — By M. E. 
E. Blaise. 


NOTES. 


Board of Trade Announcement.— The atten- 
tion of British subjects resident in this country 
who have pre-w^ar debts owing to them from 
branches outside Germany of German under- 
takings whose head office is in Germany, is drawn 
to the fact that apart from their remedy against 
the branch, they may be entitled to claim payment 
alternatively from the head office through the 
Enemy Debts Clearing Office. In the event of 
there being any doubt as to the recovery of such 
debts from the branch, British creditors will be 
well advised to file a claim aganst th ehead office 
with the Enemy Debts Clearing Office, Cornwall 
House, London, S.E. i. It is essential, however, 
that any such claims should be received by the 
Clearing Office before September 30. 

The M anchester Gtuirdian Coimnercial says that 
as a sequel to the recent visit to this country of 
a delegation of American and Canadian dry goods 
merchants, it is proposed to set up a commercial 
entente between this country and America and the 
British Dominions. “I understand,” says the 
London correspondent of this journal, “that it 
will be the business of the joint committee to set 
up a sort of clearing house of information between 
traders in the various countries who come into the 
scheme, whereby the interests of them ail will be 
looked after in the various territories. Another 
feature of the scheme will be the arrangement of 
exchange visits to and from America and the 
Dominions of the sons and proteges of commer- 
cial men for the purpose of gaining for them 
wider business experience. Ultimately it is pro- 
posed to enlarge the scope of the undertaking by 
including other foreign textile organisations.” 

Tungsten Crystal Wire as Glow Lamp Fila- 
ment. — O. Ely, in Ver. deutsch. Ing. Zeitschr,^ 
1918, Ixii., 15-20. Abstract by Th. Verheggen in 
Chejn. Abstracts^, Feb. 20, 1919, xiii., 286-287. — 
After a brief historical review of the first metallic 
filament used in electric incandescent lamps, the 
different methods of manufacturing filaments for 
tungsten lamps are stated. The author then des- 
cribes at length a new' patented process (Julius 
Pintsch & Co., Berlin) for the manufacture of fila 
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merits made of a long crystal of metallic tungsten. 
“Manufacture of tungsten crystal wire : The WO^ 
is pulverised as finely as possible, and is com- 
pletely reduced by heating in a hydrogen atmo- 
sphere to produce pure tungsten metal, a brilliant 
black-brownish metallic powder. To this tung- 
sten is added a carefully determined quantity of 
ThOa (and) finally a colloidal binding inaterial is 
added in very small quantities. From this doughy 
mass filaments of various diameters are formed. 
; . . After the extruded “threads” have been dried 
at a moderate temperature, they are placed, eight 
at a time, into the treating apparatus, where the 
transformation into pure metallic crystals takes 
place. The treating apparatus consists essentially 
of a glass cylinder closed at both ends and pro- 
vided with two contacts joined by a helix of heavy 
tungsten wire. The filaments to be treated are 
poassed through the axis of this glowing helix by 
means of a simple mechanism; during the opera- 
tion . . . the filaments to be treated are raised 
rapidly to a temperature of 2600 '’-2700'*. A con- 
tinuous current of reducing gas passes through the 
glass cylinder. . . . The speed of movement 

through the hot zone must be less than the speed 
of crystallisation in order to allows the crystals to 
grow gradually at the expense of the small ad- 
jacent crystals. If the linear velocity of the fila- 
ments passing through the helix is too great a very 
fragile filament composed of several crystals is 
obtained . . . that breaks at the interfaces of the 
successive crystals. Filaments composed of a 
single tungsten crystal, unlike some drawn fila- 
ments, retain ail their ductility and softness and 
resist vibration and shock even after many hours 
of burning; which is not the case with some 
drawn filamente. Comparative tests made under 
the same conditions with a lamp provided with a 
Pintsch tungsten crystal filament and lamp pro- 
vided with a drawn tungsten filament have shown 
that after a life of 1200 hours, the filament made 
of a tungsten crystal had not given rise to the 
slightest trace of deposit on the walls of the bulb, 
whereas the filament of drawn wire W'as more or 
less disintegrated.” Numerous photomicrographs 
of the new filaments and some of the old- 
fashioned filaments are shown. 

FIop-Growing Experiments in Souip Africa. 
— During 1920, 4,o77C’wt. of hops, valued at 
^^685047, were imported into the Union of South 
Africa for beer-making, and the average quantity 
imported annually during the previous five years 
was well over 4,ooocwt., principally from the 
United Kingdom, the United States, and Austra- 
lia, With a view to supplying the Union’s re- 
quirements of this article, bop sets have been im- 
ported from time to time for purpose of experi- 
ment, and as far as experience goes, states the 
Joiipial of the Department of Agriculture of the 
Union of South Africa, it is found that the Dis- 
trict of George, with its climate and conditions 
similar to those found in parts of Europe where 
hop-growing prevails, gives promise of being the 
most suitable part of the Union for this pur- 
pose ; indeed, it is recorded that nearly a hundred 
years ago a successful experiment with hops was 
carried out in the town of George. The present 
experiments at George were started in iqiS, and 
are now under the supervision of the botanist at 
the Elsenburg School of Agriculture. The object 
in view is to demonstrate that a sufficient return 
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of green hops per acre can be obtained to make 
the cultivation of the crop an economic success. 
A good yield of dried hops is estimated at any- 
thing from locwt. per acre upwards; at George 
the drying process accounts for 65 to 75 per cent 
of the w’eight of the green crop, the average show- 
ing that about loolb. of green hops yield 3olb. 
dry weight. Thus far, some of the sections in the 
experiments at George have shown returns from 
two-year-old plants of from 7 to 8cwt. per acre; 
these plants should be in full bearing next season, 
when it is hoped that improved yields and more 
reliable returns will be obtained. An account has 
been kept oi the cost of production, and, while 
this presents difficulties when combined with ex- 
perimental vt^ork, it is estimated that, apart from 
the wages of the foreman, the cost of production 
(1019-20) was approximately from £4$ to ;^^5o per 
acre. A yield of about 8 to locwt. of dried hops 
may be expected, and at (say) 3s, 6d. per lb. 
(;£i 9 12s. per ii2lb.) in South Africa, it would 
seem that from an economic point of view the 
prospects of remunerative hop-growing in well 
selected localities are worthy of consideration. 
There are still various points which will need to 
be investigated, and while it may now definitely 
be stated that hops can be grown satisfactorily in 
one part of South Africa, at any rate it is empha- 
sised that the fringe only of what may possibly 
develop into a stable industry has been touched. 

Titanium Peroxide, — Treatment of titanium 
sulphate with hydrogen^ peroxide gives a yellow 
solution, a base of which precipitates an amor- 
phous yellow jKiwder, TiOa. In preparing the 
double sulphate of titanium and potassium, M. 
M. Billy separated the hydrate of peroxide and 
noted that all analogous bodies regarded salts 
of the oxide TiO* are compounds of hydrogen 
peroxide and perititanic salts corresponding to the 
peroxide TiaO ,. — Commies Retidus^ 1921. 

Biochemical Process to Detect Glucose. — 
The method of Bourquelot and Bride! is based 
upon the property of the emulsine to combine in 
an alcoholic medium, the sugar with the alcohol- 
in which it is suspended. They endeavoured to 
apply the process to the study of plants and w^ere 
thus able to obtain a characteristic ^-methylgulco- 
side, the rota^ power of which is easily deter- 
mined and which, if in too small quantity, can be 
clearly seen under the micro^ope owng to the 
shape of its crystals. — Comftes Rendiis^ 1921. 

Essence of Jasmu®.— The flower of the jas- 
mine is treated, in industr^% to extract the per- 
fume, by two very different methods, viz., that 
with volatile solvents (petroleum ether, rarely 
benzine), and secondly enfieurage, for which cold 
animal fats are utilised. Perfume manufacturers 
having noted since the employment of volatile 
solvents that the metfctod styled enfieurage with 
cold animal fats gave a greater yield of perfume 
than with petroleum ether, M. Passy gives an ex- 
planation of this by the fact that in enfieurage the 
fiowers continue to produce perfume owing to the 
vital activity of the cells and the quantity pro- 
duced is only lotted by survival of the fiower. 
Thus, if it is killed hy immersion in ettiar only, 
the perfume existing in the fiower is ^^ined and 
production ccaSes with .i^oppage pf the vital 
phenomenon, M, Passy 'propose a method of 
enfieurage which corpsts in immersing the fiowers 
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in water for a certain time. He extracted the 
essence by exhausting the water with ether. Re- 
suming this idea, in a remarkable work, Mr. 
Hesse found that the yield from the jasmine in 
essence is five times greater with enfleurage than 
with volatile solvents. As the chemical compo- 
sition of the essences obtained by the two pro- 
cesses is different, he supposes that there is a 
formation of odourous matter by decomposition of 
certain compounds, perhaps glucosides. General- 
ising this idea, Messrs. Gharabot and Gatin regard 
It as a real chemical equilibrium : glucoside- 4 - 
water--glucose+essence. With this supposed 
decomposition of glucosides, the yield of essence 
could be increased by treating the jasmine flower 
so as to hydrolyse the glucoside or glucosides be- 
fore extraction with petroleum ether. Experiment 
has demonstrated this to be so — Ivdustrie 
CkimiquCj June, 1021. 

Quickly Drying Varnishes. — During the war, 
varnishes were utilised, which dried very rapidly 
(Chem. Uynschait tn Nenstr. Erfahr. iiud Erfiiid, 
IQ2I, xxxviii., 3, 42). They were first made with 
wood oil and very high percentage of volatile 
solvents. They did not, however, dry quickly 
enough, and solutions of gum-lac were adopted 
(alcohol varnish). These also dried too slowdy, 
and solutions of acetylcellulose were tried. For 
example, on can dissolve 550 grms. of cetyl cellu- 
lose in 10 litres of a mixture of 60 parts methyl 
acetate, 10 methyl ethy ketone, 15 benzol, 10 ace- 
tone, s acetimic alcohol. To this solution 65 j 
grms. of triphenyi phosphate are added, and | 
soiTfcetimes small mixtures of phenyl acetate, ! 
benzyl benzoate, and urea. To make the varnish j 
mor^ elastic, 5 to 7 parts of castor oil are added, , 
but the time of drying was increased. These var- ; 
nishes were not used for airships, but gave wash- 
able coats for domestic work, especially on 1 
wooden partitions and wood floors. They were 
also employed as excipients for aluminium or zinc 
powder in metallic paints. They can be applied 
at a low temperature, and resist humidity. In 
many cases they are as good as oil varnishes. 
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Ube &oder-n;i«sitiaQed particulars of New Companies receivtly 
re^stered are takeq from tbe Daily Roister cominled by 
Joiu>A}t & So»s, LiiirTED, Company Registration Agents, Chancery 
Lane, W.C.2. 

E. R Cherrett, LiiiiTED.~<i7dJ57) — Registered Angn^ 8th, 
2921. . 18, Church Street, Monkweannointh, Sunderland. To 
and carry on the business Chemists and Druggists. 
Nominal C^tal. /3,ooo in 3,000 Shares £i each. Directors : 
E. R. ClieEiFett, % <!^eathorpe Avenue, Roker, Sunderland ; N Jack- 
son, 8, Campbdil Tefraee, Pulwen, Snnderl^d. Qualification of 
* too Shares. Remuneration of Directors : £. R. Cherrett 
106. per week ; N. Jackson £5 los. 

DsNfiis & Co., LmiTSD.— P76182) — Registered August ptb, 
Th carry 00. business ^ Manufacturers of all kinds of 
fSeoBsedb amd Aibed Products. NoiDioal Capita! . £15.000 in zo,ooo 
Frdsrmoe Sharm Ordinary^ Shares of £i each. 

Dket^tors^ To he appcuntM by Subscribers. Qualin^tion of 
D necJtors : £500. R^uneraiinixi of Directors • To be voted by 
Couranny in Genial Meeting. Subscribers L. Deimis, 26, Rutland 
Rood, Waikdcas fChemtsf); Kathleen Dennis, 26, Rutland Road, 
Wa&dea ; W. Bannister, 19. Lawrence Road, Gledholt, Hudders- 

P.L.A.C., I iiaiTBn.— 42762^) — R^istmied August t:th, 1921. 
^ Watbcook, E.C^. To acquire from Richard Pearson a process 
for the treatment of Acaroid Resins and the business of Manufac- 
tEsdhg Acaroid Resins Lac. Nominal Capital : £400 in 400 Shares of 
£1 oachu Dnectors t To he apooinli^ by Sobs^bets. QuaUficaSon 
of : 5 Shams. RenfcmeEatioo of Directors ; To be vcded 
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Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
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Latest Patent Apphcattons. 

20661 — Bourcet, P.— Carburant for alcohol August 3 
20758— Klages, A.— Process for production of aromatic cyan 
mercury compounds substituted m the core August 4. 
20938— Pickard, H. F. K — Treatment of ores containing oxidiaed 
copper compounds August 6 

20570— Reid, J. H .—Reduction of ore and production of gas. Aug 2. 
2 c^o 6 — Ros, D. — ^Treating metallic sulphides August 2. 

20583 — Schuphans, G.— Method of producing chemically-pure 
hydrochloric acid. August 2. 

Spectficaitons published this Week. 

140784—300 anon— Prodmts Chemiques— Process for the jpa-oduc- 
tion of acetaldehyde from acetylene. 

166961— Clayton, T A.— Sulphur-burning furnaces 
167066 — Imray, O — Manufacture of aralkyl esters of 3 phenyl- 
quinonIine-4-carboxylic acid 

Abstract Published this Week. 

Pktkahc Actd and Anhydride —Patent No 164,785.— Messrs. The 
British Dyestuffs Corporation has obtained a Patent for an improved 
process for obtaining phthalic acid or its anhydride by treating 
naphthalene vapour with air or other oxygen-contammg gas m the 
presence of a small amount of vanadyl chloride at 300-650“ C. The 
I mixture of naphthalene vapour, air, and vanadyl chloride vapour is 
! passed through a vessel or tube, empty or containing pumice, fire- 
brick, kieselguhr, etc.t and the products condens^ m cooling 
I chambers. In plate of naphthalene other volatile hydrocarbons or 
I their derivatives yieldmg phthahc acid on oxidation, such as a- orB- 
’ methylnaphthalene, tetrahydronaphthalene, a-naphthol, or o-xylene, 
may be used. ,, ■ 

Messrs. Rayner & Co., will obtain printed cities of the 
published specifications smd will forward on post free fortheofiBicial 
pnce of i/- each. 
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A.N ANALYSIS OF MOLECULAR VOLUMES 
FROM THE POINT OF VIEW OF THE 
LEWIS-LANGMUIR THEORY OF MOLE- 
CULAR STRUCTURE.* 

By ROBERT N. PEASE, 

According to the Lewis-Langmuir theor>" of 
valeBce and atomic and molecular structure 
^Lewis, Journ, Am, Chem, Soc.^ 1916, xxxviii., 
762; Langmuir, ibid,j 19x9, xlXj 868), the numbers 
of electrons surrounding the positive nuclei of the 
atoms of the inert gases are such as to permit of 
particularly stable arrangements. The atoms of 
the other elements enter into combination in such 
a manner as to group around their respective 
nuclei, by taking up, losing, or sharing electrons, 
a number of electrons equal to that in the atoms 
of the inert gas nearest to them in the periodic 
table. (It is not to the particular arrangements 
of electrons in the inert gases that the atoms of 
the other elements tend to revert, for in' organic 
compounds, for example, the carbon atoms are 
assumed to have the 8 electrons arranged in pairs 
at the comers of a tetrahedron, while in neon, the 
comesponding rare gas, the 8 electrons are at the 
corners of a cube). As a result of this tendency, 
the n^iber of electrons about the positive nuclei 
of -atkmts of those elements which tend to revert 
to the same rare gas is the same, when the atoms 
are in combination. Further, it sometimes 
happens that di&rent atoms or groups of atoms, 
existing alone as molecules or acting as the 
nuclear atoms of compoimds, have as a whole the 
same numbers and arrangements (this is always 
to be undestood to refer to all the electrons in the 
molecule or group of atoms, not merely to those 
in the outer ^ shell) of electrons, an^ therefore 
differ only in the magnitude and distribution of 
the charges on the positive nuclei of the atoms. 
Such compounds and groups of atoms Langmuir 
(Langmuir, Jour, Am, Chem. Soc.^ xpipj ^cli., 
1543) calls ^’isosteres.” Langmuir has pointed out 
the marked similarity of ph|®ical properties of 
pairs of isosteres which are of indepen- 

dent existence as molecules, such as nitrous oxide 
and carbon dioxide. This being the case, it does 
not seem improbable that the voliames of isosteric 
atoms or groups of atoms, whether these exist as 
free molecules or as the nuclear atoms of a com- 
pond, may be the same. This involves the 
assumption that the outer shells of electrons in 
isosteres have the same dimensions independent of 
the charges on the positive nuclei of the atoms or 
at least that the volume of the molecule as a 
whole shall behave as if this were the case (see 
note, frox.). The remainder ff this paper is de- 
voted to establishing the funtfimentai correctness 
of tins assumption, and to examining the evidence 
furnished by molecular volumes regarding the 
structure of certain molecules ^nd nuclear atoms. 

For the comparisons of molecular volumes the 
values of the quantity h of van der WaaPs equa- 
Hon have employed. These have calcu- 
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lated from the relation to -0^0004$^ 

Tcffc iu which, Tc is the critical temperature in 
degrees, absolute 5 and fc is the critical pressure 
in atmospheres. The values of the critical tem- 
perature and pressure and of b are given in Table 
I. The results of Young and the recent deter- 
minations of Cardoso have been used wherever 
possible. 

Table I. — The valties of Critical Temperatures 
and Pressures j and of van der WaaVs b, 

2 ^c == critical temperature in degrees, Kelvin. 

= critical pressure in atmospheres. 
£>xio®=4s-S Tcfpc. 
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136 

10 

C3H4 


... 282*6 

50*7 

225 

6 

O3 


... 155*0 

49*3 

144 

7 

C^Hj, 


... 308*6 

6i'7 

229 

6 




... 128-3 

33*7 

174 

7 

CO 


••• 134*4 

34*6 

178 

7 

NO 


... 180*2 

64*6 

128 

I 

COa 


... 304*0 

72*9 

19 1 

6 

NaO 


... 309*6 

71*7 

198 

6 

PH» 


... 324*4 

64*5 

230 

4 

H3S ... ... 


— 373*4 

89*1 

192 

6 

HCl 


... 324*4 

8 i'6 

182 

6 

CaH, 


... 305*2 

48*9 

286 

6 

C$H^ 


••*.,370 

44*0 

38s 

13 

n-CJELijt ... 


470*3 

33*0 

652 

18 



... 4609 

32*9 

641 

18 



... 507*9 

29*6 

785 

18 

W-CrHja 


... S 3 Q '9 

26*9 

919 

18 

W-CaHj* 


••• 569*3 

24*6 

1057 

18 

(CH,)aCH.CH(CH, 

t)a 500*$ 

30*7 

745 

18 

(CHa)aCHCH, 






CH.CH(CH,), 549-9 

24*6 

X025 

iS 

... 

... 

... 400" I 

> 3*0 

346 

5 

(C,H,),0 

... 

... .466-9 

35 *b 

600 

18 

C,H,NH, 


... 456-2 

55*5 

376 

3 

{CH,).NH 


... 437-6 

52*4 

382 

3 

(C,H,).NH 

... 

... 496-3 

36*6 

621 

3 



< 414-0 

83*9 

226 

9 

Ul« 

... 

... 4 419-0 

93*5 

205 

ir 



1 417-0 

76* X 

252 

xd 

CCI4 ... 


... 5 ? 6"2 

4 S '0 

566 

x8 

GeCU 


... 550-0 

38-0 , 

6 % 

12 

SnCl* 

... 

... .591-8 

37*0 

733 

18 

C«H« 

% 9 * 

... 561-6 

47*9 

537 

18 

G«Hia - 

. 1 , 

553-1 

39*8 

635 

18 

C.H4CH3 

... 

— 593-7 

41*6 

653 

2 

CAF 

... 

... 559-6 

44*6 

574 

18 

C.H3CI 

... 

- ,fe 2-3 

44'6 

648 

18 

CaHaBr 

... 

... '670-0 

44*6 

687a 


CaHgl 

... 

... 721-0 

44*6 

740a 

J 

a 

Caiculathd by Young. 
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Unfortunately, lack of space does not permit 
an extended discussion of the recent paper of J. 
J. Van Laar (Van Laar, /, chm. phys., 1916, xiv., 
3) on the addivity of the quantity b of van der 
Waal's equation. He has assumed arbitrary and 
sometimes variable values for the volumes of the 
atoms and obtains good average agreement be- 
tween calculated and observed values. His atoinic 
volumes are, however, difficult to reconcile with 
the Lewis-Langmuir theory’. 

The paragraphs immediately following deal 
with the molecular volumes of those compounds 
which contain carbon, nitrogen, and oxygen as 


nuclear atoms. 

Methane, A^mnonia, and 'Water . — The nuclear 
carbon, nitrogen, and oxygen atoms in methane, 
ammonia, and water respectively, are isosteric, 
since each consists of a positive nucleus and pair 
of electrons surrounded by an octet of electrons 
If these isosteric nuclear atoms have the same 
volume, then the differences in volume between 
pairs of these substances will be the volume of 
the extra hvdrogen atoms one contains over the 
other. The volumes of the compounds are : 
methane, igi ; ammonia, 165 ; water, 136. Methane 
has one more hydrogen than ammonia, and is 
greater by 26 units. Ammonia has one more 
hydrogen than water, and is greater by 29 units. 
It should he remembered that the errors in the 
volumes fall on these differences Taking the 
average difference of 28 as the volume of one 
hydrogen atom in these compounds, and sub- ■ 
tracting for the total number of hydrogen atoms 
from the volume of each compound, to find the 
volumes of the nuclear atoms, one obtains for the 
latter the values 

CH* : 191-112 = 79 

: 165-84 =81 Average So. 

HaO : 136-56 =80 

The nuclear atoms are seen to have almost 
exactly equal volumes, substantiating the assump- 
tion made. 

for neon, the corresponding inert gas, the 
volume is 76. That the volume of the nuclear 
atoms in the above compounds is practically the 
same (Bo) would seem to indicate that these atoms 
are essentially cubic, as neon is assumed to be. 
The tendency of the hydrogen atoms to draw to- 
gether the pairs of electrons, by means of vvhich 
they are held, to give the nuclear atom a tetra- 
hedral structure, is apparently not great. That 
the volume of the nuclear atoms and that of neon 
are not more nearly equal may be due to slight 


deformation of the cubic structures in the hydrides 
or to the inaccuracy of the value for neon, the 
critical data for which are given by Kammerlingh 
Onnes as preliminary. 

Ethylene ajid Oxygen, — Elementap’ oxygen and 
the carbon atoms in ethylene are isosteric. In 
both, the positive nuclei (with a pair of electrons 
each )are surrounded by 12 electrons formin^^ 
tetrahedral octets sharing tw’o pairs, “ 
meeting along an edge If the volumes nf the 
two isosteres are the same, the difference in 
volume between ethylene (255) and oxygen (144) 
represents the volume of the four hydrogen atoms 
in ethylene. One-fourth of this difference should 
he the volume of one hydrogen. 

Vc ^ H ^— Vo ^ 255 — 144 

= 2S 

4 4 

The volume of one hydrogen is found to be 28 
as in methane and the like. 

Acetyleize, Nitrogen, and Carbon Mozioxide . — 
For reasons to be discussed later, nitrogen and 
carbon monoxide are assumed to have the normal, 
acetylenic, arather than the condensed structure 
suggested by Langmuir. Thus, nitrogen, carbon 
monoxide, and the carbon atoms of acetylene are 
isosteric, since the structure for all consists of 
two positive nuclei (with a pair of electrons each) 
surrounded by tivo tetrahedral octets composed of 
10 electrons, three pairs being shared, that is, 
meeting face to face. 

The volumes of nitrogen and carbon monoxide 
are 174 and 178, respectively, that of the un- 
symmetrical carbon monoxide being slightly the 
greater. Taking symmetrical nitrogen to com- 
pare with the symmetrical carbon atoms of acety- 
lene (229), it is found that one-half the difference 
between the volumes of the two compounds, which 
should equal the volume of one hydrogen atom, 
is again 28. 

UCbHb — * -229^^ 174 

-J: == 2Ci 

2 2 

It is convenient to point out here that the 
volumes of carbon dioxide and nitrous oxide, 
which axe isosteric, are 191 and ig8 respectively. 
If nitrous oxide ^ bis the structure N = N = 0, as 
Langmuir is inclmed to think, then again the un- 
symmetrical isostere (NaO) has slightly the 
greater volume, as found” in comparing carbon 
monoxide and nitrogen. The lack of symmetry 
in both cases is in the distribution of positive 
charge among the nuclei of the atoms. 

Elementar\^ fluorine is isosteric with the nucieai 
carbon atoms of ethane. As, however, the critical 
constants of the former have not been determined, 
no comparison can be made. It will be of interest 
to obtain a value for two tetrahedral neon octets 
sharing one pair, as in ethane. This can be done 
by subtracting 6X28 for 6 hydrogens from the 
value for ethane (286); thus 286-168=118 for the 
nuclear C — C atoms. 

Siamnary. — From the above it results that with 
one value (28) for hydrogen, 80 for the cubic neon 
structure, 144 for two tetrahedral neon structures 
sharing two pairs and 174 when sharing three 
pairs, the volumes of methane, ammonia, water, 
ethylene, acetylene^ carbon monoxide, ox\’gen 
and nitrogen can fee reproduced as follows. 
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Observed. Calculated. A Van Laar calc A 


CH. 

... I9I 

IQ2 

+ i 

156 

-35 

NH. 

165 

164 

— I 

162 


HjO 

... 13b 

13b 

0 

138 

+2 

0, ... 

... 144 

(144)^ 


140 

-4 

QH. 

... 255 

256 

+ i 

256 

— I 

N, ... 

... 174 

(174)^ 

- . , 

170 

-4 


... 229 

230 


228 

i 

CO 

... 178 

^74 

-4 

170 

-8 ' 


a Assumed in the calculation. | 

The calculated values agree with the observed 
within o'S per cent with the exception of that for 
carbon monoxide, which is about 2 per cent too , 
low. 

The results obtained in the foregoing analysis ! 
are taken to be good evidence of the correctness ' 
of the assumption that isosteres, whether existing ' 
alone as molecules or forming the nuclear atoms ' 
of hydrides have the same volume, independent ! 
of the particular atoms involved. It is veiy’ un- ; 
likely that all the relations cited above — namely, ' 
that the volumes of methane, ammonia, and -water ' 
can be expressed with one value for all the : 
nuclear atoms and another for hydrogen, or that , 
this same value for hydrogen and the values for I 
elementary oxygen j^nd nitrogen can express the 
volumes of ethylene and acet3dene, respectively’ — ' 
are simply fortuitous. It is true that Van Laar, | 
making different assumptions, finds nearly as | 
good agreement, with the exception of his value : 
for methane, which is seriously in error {156 cal- 
culated; iQi observed). In order to get this 
agreen^ent, however, he requires two values for 
hydrogen, two for nitrogen, and one each for car- 
bon and oxygen. In the present anah’sis, one ' 
value is used for hydrogen, and three different ! 
values are assigned to the three different arrange- 1 
ments^ of electrons about the neuclear atoms met ! 
with in these compounds. | 

Effect of Multifle Bonds. — For ethane, ethylene, ! 
and acetydene, Van Laar uses a single value each ! 
for carbon and hy'drogen, in effect assuming that 
the differences in volume among these compounds 
depend wholly upon the number of hy’drogen 
atoms in the different molecules. The results re- 
corded in this paper indicate that there is, in addi- 
tion, a difierence due to the manner in which the 
carbon atoms are combined, that is to say, a differ- 
ence due to the type of electron structure. Ex- 
pressed in terms of the volume of a single atom, 
the values for a single neon octet combined in 
the various ways are ; sharing no pairs (CH*, etc.) 
Bo; sharing one pair {C3HJ sq (11S/2); sharing 
mo pairs (O* and CaHJ 72 {144/2); sharing three 
pairs (N, and Calia) 87 (174/2). 

\Mien one pair is shared, the volume is one- 
quarter less (59/80 = 74 per cent) than when no 
pairs are shared. The simiVanty* between the 
volumes of the nuclear atoms in methane, &c. 
(when no pairs are shared with other octets) and 
that of neon was taken to indicate that the nuclear 
atoms in the former are nearly cubic. In ethane, 
the nuclear atoms are almost certainly tetrahedral' 
The ratio of the volumes probably represents, 
therefore, the relation between the volumes of the 
cubic octet and the tetrahedral octet of neon. 

When two pairs are shared, the volume of a 
single atom is 13 units greater than W’hen one pair 
IS shared, and when three pairs are shared, there 
IS a further increase of 15 tmts per atom. The 
distances between the centres i&f two tetrahedra 


meeting (a) at their apexes (^) along a a edge (^) 
at a face, are in the ratio, 4:3: 2. These con- 
figurations correspond to the sharing of one, two, 
and three pairs, respectively. Thus, the tendency 
if unresisted, on sharing two and three pairs 
- would be to bring the positive nuclei at the 
centres of the tetrahedral electron shells nearer 
and nearer together. The volume increases on 
sharing successively the second and third pairs^ re- 
present the reaction of the positive nuclei against 
this tendency% By attempting to get as far apart 
as possible, they distend the molecule. This state 
of tension due to the multiple bond is evidently 
an element of weakness and the multiple bond 
might be expected to be a seat of chemical 
activity, as is know’n to be the case. 

Structure of Nitrogen . — Langmuir accounts for 
the inertness of nitrogen and carbon monoxide by 
assuming a condensed structure consisting of the 
two positive nuclei each holding a pair of elec- 
trons (correspondng to helium) and holding be- 
tween them a third pair, this structure being sur- 
rounded by eight electrons at the corners of a 
cube. The alternative structure consists of two 
octets sharing three pairs, as do the carbon atoms 
in acetylene. As the reactivities of nitrogen and 
carbon monoxide are not so great as that of acety- 
lene, Langmuir is inclined to think the structures 
cannot be similar. Reactivity is, however, a 
rather vague term. It is true that nitrogen is 
commonly spoken of as inert, and acetylene as 
active chemically. Yet if the strength of the 
bond joining the the nuclear atoms be measured 
by the tendency of the two compounds to dis- 
sociate, the one into nitrogen atoms and the other 
into CH radicals, the stabilities must certainly be 
assumed to be of the same order. 

As pointed out in the first part of this paper, 
there is good evidence that the volumes of elemen- 
tary nitrogen and the two carbon atoms of acety- 
lene are the same, thus indicating a similarity in 
structure. Furthermore, one would expect such 
a very^ condensed structure as Langmuir suggests 
for nitrogen, the outermost electrons of which 
form only a single octet, to have a decidedly 
smaller volume than elementary oxygen, for ex- 
ample, the outer shell of which consists of two 
octets of electrons sharing two pairs; or of argon, 
which consists of a single positive nucleus (but 
with a positive charge of 18), a pair of electrons 
and two octets of electrons one outside the other. 
Actually, the volumes of elementary oxy^gen and 
of argon are both 144, while that of elementary’ 
nitrogen — 174 — is decidedly larger than either. 

The fact that the volume of elementary’ nitrogen 
is greater than that of elementary oxygen also 
has a bearing on the general assumption made 
in this paper, that it is principally the particular 
arrangement of electrons rather than the charge 
on the positive nuclei which determines the 
volume of an atom or group of atoms. Since the 
positive nuclei of oxygen atoms posses a charge 
of +S, while ihat of the nitrogen atoms is 4-7, 
one might have expected that the greater repulsion 
between the larger nuclei of oxygen would have 
given to elementary oxygen the greater volume. 
That it is distinctly ie^ in volume than is ele- 
mentary nitrogen, widi +7 positive nuclei, indi- 
cates that the volume is more influenced by other 
factors. The other s^parent difference between 
the compounds, according to the theory, being in 
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the number and arrangement of the electrons-j- 
the limiting boundaries of the molecules — it is 
reasonable to refer the volume relation rather to 
this. 

Nitric Oxide . — Nitric oxide is peculiar m 
having an odd number of electrons (15)-, It is 
thus intermediate between elementary nitrogen 
with 14, and elementary oxygen with 16 electrons. 
Langmuir has suggested that it may have essen- 
tially the structure which he assigns to elementar\- 
nitrogen, the extra, odd electron being 
prisoned in the octet comprising the shell.” As 
this structure for nitrogen has been rendered 
doubtful by the preceding considerations it will 
be of interest to find what other structure is pos- 
sible and what are the indications furnished by 
the volume of the substance. 

The volume of nitric oxide is suprisingly small, 
128, that of oxygen being 144, and nitrogen, 174, 
It is, in fact, actually nearer that of the carbon 
atoms in ethane (n8). Nitric oxide contains one 
more electron than nitrogen, and it is possible 
that in the former the octets, like those in nitro- 
gen, share three pairs, the odd electron being at 
the centre of the triangle formed by these three 
pairs, directly betw’een the two positive nuclei and 
held in place by the attraction of the latter The 
odd electron so placed would certainly tend to 
draw the nuclei together, lessening the distention 
of the molecule and making the volume of the 
molecule less than that of eiementarv’ nitrogen, i 
Actually the volume is reduced nearly to the nor- 
mal volume of two octets sharing a single pair 
as exemplified by the carbon atoms in ethane. In 
the latter case, the shared electron pair is also 
placed directly between the two positive nuclei. 

The odd electron, place as suggested above, 
would certainly be held under rigid constraints. 
Lewis \jioc. .ciLj, who w'ould attribute colour in 
compounds to weakly-held electrcms, has pointed 
out that of the substances containing an odd num- 
ber of electrons, only nitric oxide is colourless, 
that it to say, all the electrons including the odd, 
are rigidly held. 

Bydrocmhons^ Amines j and Ethers . — There are 
a few hydrocarbons, amines, and ethers for which 
data are available whose chains of nuclear atoms 
are isosteric and should, therefore, have equal 
volumes. A comparison of the 5- and 3-atom 
chains is given below. The volumes of the 
chains have been obtained by subtracting 28 for 
each hydrogen atom from the volumes of the 
compounds. It should be borne in mind that 
this method throws all the experimental error on 
the volume of the chain. 


^-Atom Chains. 


w-CjHj# 

C.H3 ... 
(CH3LO 


S-Aiam Chains 


b X io\ 28 H. Chain. 

^52-336=316 
621-308=313 
600 — 280=320 

b X. iQ 2S H Chain. 

385—224 = 161 
376—196 = 180 
382-1^=186 
346— 168=178 


With the exception of the value obtained from 
propane, the agreement is satisfactory’ tvithin each 
series. 

Hfdr&curbmt Chains ^ — As is well-knowTi, the 
volumes of compounds containing long chains of 


carbon atoms are not strictly additive. The values 
for the increment CH. usually rise in ascending 
a series. This is true of the values of b for the 
straight-chain hydrocarbons, as will be seen from 
the following comparison of observed values with 
those calculated from the values H = 2S and € = 59 


{as found in ethane). 


observed 

286 

385 

652 

785 

Qig 

1057 

641 

745 


Calc. 

(286) 

401 

631 

746 

861 

Q76 

631 

746 


Per 

cent. 


976 


16 

21 

30 

58 

Si 

lO 

1 

49 


4-2 

3*2 , 
50 
6-3 
77 
1*6 
O'l 

4-8 


C,He 

C3H3 
w-CsHis 

w-CgHis 

(CHalsCH.CHaCH^ 

{Cn,hCH.CR(CH,U 
{CH,)3CH.CH,CH, 

CHiCHs)^ 1025 
For the straight chain compounds, the percent- 
age by which the observed values exceed the cal- 
culated steadily increases, with increasing number 
of atoms. 

The branched .chain isomers have volumes 
smaller than the straight chain, and therefore 
nearer the calculated values- It is of interest to 
that that compound in which the relative 
amount of departure from the '-straight chain is 
greatest, namely, di-w-propyl, 

CH, 

ycn.cH 


CH, 


\r 


has a volume almost identical with that calculated 
(745 observed; 746 calculated). 

Ehig Sirnctitres. — It is of interest to find what 
values are obtained for ring structures. The 
value for toluene ivill first be examned. The 
radical, C^Hs, should have a volume equal to that 
of benzene less one hydrogen atom or 537 — 28 = 
509. The volume of CH3 should be 59+ (3x28) = 
143. The sum of these gives the value for toluene, 
CeHjCHa, 652. The ol^rved value is 653. 

For the rings in benzene and cyclohexane, the 
following values are obtained by subtracting for 
the total number of hydrogen atoms: CeH^, 537- 
{6X 28)=369; QH12, 635- { 12X281 = 299. 

The unsaturated benzene ring has the greater 
volume. This is in agreement with the relations 
already found between the volumes of saturated 
and unsaturated ' 'nuclear atoms. The carbon 
atoms in cyclohexane might have been expected to 
have the volume 59 each. Actually the volume is 
299/6=50. The ring structure appears to be very 
much condensed. 

Phosphine and Hydrogen Sulphide . — Data are 
not available for enough compounds having 
nuclear atoms related to argon, as those just dis- 
cussed are related to neon, to allow very’ satis- 
factory comparisons to be made. There are de- 
pendable values for phosphine , hydrogen sulphide 
and hydrogen chloride, however, and these will 
be analysed so far as possible. 

If, as in the case of methane, ammonia, and 
water, the difference between the volumes of phos- 
phine and hydrogen sulphide {230-192=38) be 
taken as the volume of one hy’drogen in these sub- 
stances, then for the volume of the nuclear atoms, ^ 
one obtains; PH*, 230- (3X38) = 116; HaS, 192- 
{2x38) = 116. Because of the method of treatment 
the value for the "nuclear atom is necessarily the 
same in both casef^ This value {it6) is 116/144, 
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or 80 per cent of that of the corresponding 
rare gas, argon, A carbon atom in ethane 
sharing one pair (and in the tetrahedral 
form) has a volume 59/76, or 78 per cent 
of that of the corresponding cubical atom, 
neon. As the volumes of the nuclear atoms 
in phosphine and hydrogen sulphide bear nearly 
the same numerical relation to that of the corre- 
sponding cubic atom, argon, it would appear that 
already in the simple hydrides the nuclear atoms 
related to argon are tetrahedral. The hydrogen 
atoms by their attraction for pairs of electrons 
appear to have been able to deform the argon 
(cubic) structure to such an extent that it is essen- 
tially tetrahedral; . As the volume of argon is 
nearly twice that of neon (144, 76) one might have 
expected this relatively greater deformation of the 
former structure. 

Volume of Hydrogen, — The volume of hydrogen 
in these compounds appears to be greater than in 
those compounds containing nuclear atoms related 
to neon. This is undoubtedly the effect of the 
ver\^ much larger charge on the positive nuclei of 
atoms related to argon. The hydrogen atom in 
each of these compounds actually consists only of 
a singly charged positive nucleus of exceedingly 
small volume held by means of an electron pair 
of the nuclear atom but repelled by its positive 
nucleus. Its contribution to the volume there- 
fore, depends on the equilibrium position it holds 
with respect to the electron pair and positive 
nucleus of the nuclear atom. If it is forced out, 
its apparent volume will be greater and ince 
T/ersd. The hydrogen atom cannot be expected 
therefore, to have a constant volume. This is 
emphasised by the fact that 4 n the elementary 
state (^ = 119x10-*), the atom has the relatively 
veiy great volume of 60. The greater apparent 
volume of hydrogen in hydrogen sulphide as con- 
trasted with that in water is indicative of the 
greater ease of ionisation of the former compound 
— the hydrogen nucleus is normally separated 
from the nuclear atom to a greater extent It 
may be pointed out here that Van Laar’s values 
of 14 for hydrogen combined with carbon and 34 
for hydrogen combined with any other atom, are 
not so easily explained. Although carbon is a 
very peculiar element, it is not so 'markedly 
different from all other elements, on the basis of 
the theory, as to lead one to expect any such dis- 
tinction between the volume of hydrogen asso- 
ciated with it and associated with any other ele- 
ment. One would rather expect either a different 
value for hydrogen combined with each element 
or compound, increasing with increasing atomic 
weight of the element or else for each rare gas 
type of nuclear atom, as apparently is the case. 
(It is possible that the apparent volume of the 
hydrogen atom does increase slightly as the 
charge on the positive nucleus of the nuclear atom 
increases, but that this is offset by the fact that 
the electron shell ^ about the nuclear atom 
decreases slightly in volume with increasing 
nuclear change — the electrons are displaced in- 
ward somewhat. It is, in fact, possible to get 
slightly better agreement assuming a slight 
regular increase in volume for hydrogen and de- 
crease ip volume for the nuclear atom with in- 
crease in charge on the positive nucleus of the 
nuclear atoni, in any given series). 

Hydrogen Chloride, — The treament of the value 
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for hydrogen chloride presents certain difficulties. 
One is prepared to find a structure rather different 
fro many of those so far considered, because of 
the strongly polar nature of the compound. The 
value (182) is clearly relatively greater than that 
of hydrogen sulphide, since with one less hydro- 
gen, the value is only 10 less (192, 182). If 38, 
the value for hydrogen in phosphine and hydrogen 
sulphide be subtracted from the hydrogen chloride 
value, the remainder (182— 38== 144) is precisely 
the value of argon itself. The chlorine • atom in 
hydrogen chloride thus appears to have the cubic 
structure, one hydrogen being insufficient to force 
the atom into the tetrahedral form. This is, of 
course, juse the form {i,e ^ cubic) which the halo- 
gen and alkali atoms are supposed to have in 
alkali halide crystals, the alkali halides being also 
highly polar. The assumption of the cubic argon 
structure by the chlorine atom in hydrogen chlor- 
ide may serve in some degree to account for the 
difference in properties between hydrogen chloride 
and hydrogen sulphide. 

Chlorine. — The various determinations of the 
critical constants for elementary chlorine are, im- 
fortunately, widely divergent. The values for 
bxio+5 are 226 (Dewar) 205 (Knietsch, 1890) and 
252 (Pellaton, 1915), giving the values 113, 103, 
and 126 for one chlorine atom. Van Laar chooses 
to take Dewar’s value (113), which is not far from 
that found here for the nuclear atoms in phos- 
phine and hydrogen sulphide (116). The latter 
were assumed to be mor^ nearly tetrahedral. Two 
octets sharing one pair with no combined hydro- 
gen atoms may not be tetrahedral, however. 
Undoubtedly the attraction of the two positive 
nuclei will tend to the shared electrons to- 

ward the line joining the nuclei, thus deforming 
the cubic structure, and the volume of the mole- 
cule will at least be less than that of two cubic 
structures with volume 144 (argon) each. 
Peilaton’s recent value of 126 for each atom in 
elementary chlorine seems best to fulfil the re- 
quirements, since it is midway between that of 
the tetrahedral atoms in phosphine and hydrogen 
sulphide and that of the cubic atom, argon 

(144), corresponding to a deformed cube structure. 

Atoms Similar to Krypton and Xenon, — It is 
not possible to make an analysis of the volumes 
of compounds contahaang nuclear atoms related to 
kr>'pton and xenon, because critical data have 
only been determined for one or two. Since, 
according to Langmuir"i outer shell of these 
atoms is made up of iS instead of 8 elections, one 
cannot apply the results already arrived at to the 
examination of these few compounds. There are, 
however, two series of compounds the volumes of 
which yield interesting results. These are the 
tetrachlorides of carbon, germanium and tin and 
fluoro-, chloro-, bromo-, and iodobenzene. 

The T eirachlorides of Carbon ^ Germanium . and 
Tin. — If the carbon atom in carbon tetrachloride 
(566) be taken to be tetrahedral {59), as it almost 
certainly is, since it shares all four pairs, there 
is obtained for the volume of one chlorine 
{(566—59/4 = 127). This is very close to Pellaton’s 
recent value for one chlorine atom in elementary 
chlorine (126). If 127 be taken as the volume of 
one chlorine in germanium and tin tetrachlorides, 
one obtains for the volume of germanium and tin 
GeCU, 663-507-is6=Ge; Sn(;l4, 733— 507=226 = 
Bm, The volumes of the corresponding rare gases 
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are kr^^pton, 177, and xenon, 228. The value for 
tin {226) is close to that of the corresponding rare 
gas, xenon (228), indicating that the shell of 18 
electrons has not been greatly deformed- As the 
electrons are probably closer together than in the 
shell of chlorine, it is not impossible that the 
chlorine might be deformed cubic and the tin atom 
still have essentially the structure of the rare gas, 
xenon. The value for germanium (156) is some- 
what less than that of the rare gas, krypton (177), 
to which it corresponds. This would seem to indi- 
cate some deformation. However, of the two, 
greater weight must be attached to the value for 
tin, since the constants for tin tetrachloride are 
those of Young, while the constants of germanium 
tetrachloride were determined by Nilson and 
Petterson {1887) and represent, so far as known, 
the only determinations of critical constants pub- 
lished by these authors. 

A new determination of the critical constants of 
germanium tetrachloride and a determination of 
those of silicon tetrachloride would be of great 
value in this connection. 

The Aromatic Halogen Com founds, — The value 
for benzene is 537. Subtracting 28 for one hydro- 
gen, the value 537 “28 =509 is obtained for the 
phenyl radical, C«Hfi. If this value be subtracted 
from those of the aromatic halogen compounds, 
the remainder should be the volume of the halo- 
gens ; C^HsF, 574-5 o9=65 = F ; 648-509 

= I39 = C 1 ; C,H,Br, 687 - 509=.i78=Br ; 

740-509 = 231=1. 

For fluorine, a value beti\een 59 (tetrahedral) 
and 80 (cubic) was to have been expected. The 
value found is 65. For chlorine, the value 126 
was looked for. Actually a value {139) somewhat 
nearer that of argon (144) was obtained. For 
bromine (178) and iodine {231), values close to 
those of the corresponding rare gases, krypton 
(177) and xenon (228) are obtained, as in the case 
of tin in tin tetrachloride. As bromine and iodine 
each share with the radical only one pair out of 
18 electrons, one would certainly not expect any 
great deformation, and little apparently occurs, 

Vedwnes of the Rate Gases. — ^According to 
Langmuir {Jour. Am. Chem, Soc.^ 1919, xli., 932), 
’’the electrons in any given atom are distributed 
through a series of concentric shells, all of equal 
thickness. Thus, the mean radii of the shells 
form an arithmetic series, 1, 2, 3, 4 These 

shells contain two sets of electrons. Thus, in 
xenon, the^ first shell contains the< two electrons' 
corresponding to helium, the second stieil oor^feafas 
the two octets of electrons corresponding to the 
outermost electrons of neon and argon, respec- 
tively, and the <^d shell contains the two sets 
of 18 electrons, one outside the other, correspond- 
ing to the outermost electrons of krypton, and 
firmly, xmon itself. It is speciflcaily stated that 
this retail^ of the radii of^the shells holds only 
for one given atom. It ^ 11 , however, be of in- j 
simple relation bolds for 

dmeient atoms. 

If the radii are in the ratio 1:2:3, the mean 
volumes of the shells must be as 1 : 8 : 27. If the 
mean volume of given shell is the same in every 
atom which contains it, then it might be expected 
that the mean of the volumes of neon and argon 
representing the second shell (helium accounts for 
aud of krypton and xenon, representing 
toe tIuTQ shelly would be to each other as 8 : 27. 


The values actually obtained are (76+i44)/2 = 
no; and (i77+228)/2=202-5. The mean of the 
volumes of neon and argon is no, that of krypton 
and xenon, 202-5. These are clearly not in 
ratio required. In krypton and xenon, it is quite 
possible that because of the larger charge on the 
positive nucleus, the electrons of the second shell 
will be drawn inward more than the correspond- 
ing electrons in neon and argon, and the mean 
volume of the shell be enough smaller than in 
neon and argon to satisfy the relation. (It is of 
interest to note that the volumes of the rare gas^ 
are roughly proportional to the square roots of 
their atomic weights, as will be seen from the 
following Table : — 



b 

At. wt. 

V At. wt. 

b. 

v' At. wt. 

Xe 

. 76 

20 

4’47 

17-0 

A 

144 

40 

6-32 

22*8 

Kr ... 

177 

83 

9*11 

I 9'4 

Xe ... . 

228 

130 

11*4 

20*0 


In fact, rough average agreement can be obtained 
for molecular volumes (in general) if they are 
assumed to be pil^portional to the sum of the 
square roots of the atomic weights of the con- 
stituent atoms). 

Two facts in particular, are brought out by the 
foregoing analysis. First, isosteric atoms, mole- 
cules and groups appear to have the same volume 
regardless of the particular kinds of atoms of 
which they are composed. In other words, the 
number and arrangement of electrons in the outer 
shells of atoms or groups of atoms is the pre- 
dominating factor in' determining their volume. 
Second, the volumes of other atoms, particularly 
of the more complex ones, are intimately related 
to the volumes of the rare gases. 

It is realised that the possibilities of the method 
of treatment used in this paper are by no means 
exhausted, and the writer expects at some future 
time to consider further the implications of the 
present vi ork. ' 

Suni 7 nary. 

1. An analysis of molecular volumes, as deter- 
mined from the critical data, h^ been made from 
the point of view of the Lewis-Langmuir theory, 
and especially of Langmuiris theory of isosteres. 

2. Evidence has been brought forward to show 
that isosteric molecules andr^^^ciear atoms in 
hydrogen compounds ' have the same volume. 
The volume depends, therefore, on the number 
and arrangement of electrons surrounding the 
positive nuclei of the atoms rather than on the 
charges on the nuclei, that is to say, on the par- 
ticular kinds of atoms ^ concerned. Thus, it has 
been shown that the nuclear carbon, nitrogen, and 
oxygen atoms of methane, ammonia, and water, 
respectively, have the same volume. 

3. It has been shown that the carbon atoms in 
ethane, ethylene, and acetydene have volumes in- 
creasing w-ith the degree of unsaturation. The 
same observation holds in comparing the carbon 
atoms in benzene and cyclohexane. The volumes 
of atoms thus increase with the number of electron 
pairs shared. An explanation of this has been 
presented, 

4. It has been shown that elementary nitrogen 

and carbon monoxide probably have the normal 
or acetylenic structure, three pairs being shared, 
rather than the condensed structure suggested by 
Langmuir. " ^ , 
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5. A structure for nitric oxide has been sug- 
gested and evidence in its favour produced. 

6. The volumes of the rare gases have been 
considered from the point of view of Langmuir. 

The writer is especially indebted to Professors 
H. S. Taylor and Alan W. C. Menzies for criti- 
cism and suggestions regarding the work sum- 
marised in this paper. 


THE BLEACHING OF SHELLAC. 

By S. T, CADRE. 

The actiq^ of sunlight can decolorise a solution 
of shellac as V8%ll animal charcoal. Shellac 

can also be deprived of its colour by pouring its 
alcoholic solution into potassium hypochlorite 
solution or by passing chlorine into a potash solu- 
tion of shellac. But these methods do not find 
commercial application. 

Theory of the Process, — Bleached shellac is pre- 
pared from ordinary shellac by the action of hypo- 
chlorite of soda on the alkaline solution for the 
purpose of removing the red-brown colour of the 
lac. The lac dye is bleached very quickly, but 
the yellow colour of the erythrolaccin is more per- 
sistent, and a greater or smaller quantity survives 
the bleaching entirely ; hence the bleaching is due 
to the more or less complete destruction of the 
eri'throiaccin. 

Descriftion of Process, — The method employed 
for bleaching shellac was as follows : ilb. of s^a 
a^ was dissolved in 3 gallons of water heated 
to boiling ppii^t in a circular wooden vat fitted 
with lead piping for steam heating, silb. of 
ground shellac (button lac) were then added 
slowly. The shellac di^lved in the alkaline 
solution, leaving only a small amount of sus- 
pended matter (impurities floating) on the surface. 
5ilb. of bleaching powder were then dissolved in 
104 gallons of water : to this mixture 4ilb. of 
soda-ash ivere added. The whole was well Stirred 
and filtered. The clear solution so obtained is 
sodium hypochlorite. This solution was then 
added to the hot shellac solution. The addition 
was effected gradually, and in small portions to- 
wards the end, with short intervals between the 
additions. 

Characteristics of the Prodzcct Qhiamed, — The 
product obtained by bleaching shellac is white in 
appearance, and is rather crisp and brittle. 
Bleached shellac in the form of a dry powder is 
ready for immediate use for the preparation of 
shellac varnish, this variety being largely em- 
ployed in the United States. Bleached shellac 
contains no wax but still contains water, and 
gradually undergoes a change into, a modification 


insoluble in alcohol and alkalies. This change 
cannot be prevented. It will take place with 
greater ease at high temperatures. ^ Bleached 
shellac should be used promptly. It dissolves in 
the same solvent as orange shellac : the solution 
is milky white, (the milkiness being due to the 
suspension of insoluble shellac wax. In alcoholic 
shellac solutions, the wax partly settles in time. 
Bleached shellac should be stored in as cool a 
place as possible, and should be kept under water. 
This precaution is necessary to avoid blodging of 
shellac in summer weather. 

The samples of bleached shellac obtained in this 
laboratory were examined, firstly, with a sample 
of bleached shellac from England, and secondly, 
with a sample manufactured by Messrs. D. 
Waldie & Co., Konnagar, Table I, gives com- 
parative results. The solubility figures show the 
enormous deterioration which bleached shellac 
undergoes on exposure to light and air : — 

The materials used in the experiment analysed 
as follows : — 

1. Button lac (shellac). lodme value, 3*01 (by 

Wij's solution). (Allowable limit of 
iodine value for T.N. shellac, 14 — 17. 
Iodine value increases as perecentage of 
resin in shellac increases. Shows free- 
dom from resin). 

2. Soda-ash, 85 per cent NaaCO,. 

3. Bleadnng-powder contains 25 per cent 

available chlorine on an average. 

Calculation of Costs of Exferimenis as 
carried out. 

SiktllRC (button lac). ' Rs. a. p. 

Silb, at Rs.275 per maund iS 6 o 

Soda-ash siib. at Rs.6-S-o per cwt. ... 053 

Bleaching-powder sUb. at Rs-71 per cwt. 380 

*Steam N egligible 

Labour — one workman at 8 annas a day 

for an S-hour day 080 


22 II 3 

" ' ^ . Or, say, Rs.23 

* The very amount 6f steam us^ is only a 

veiy minute fraction of that required in the 
works for pumping water and for other pur- 
poses. , r » 

Taking the yield of Isleached shellac as silb. 
less o*22lb., or 4 per cent less (3 per cent b^g 
lac wax and i per cent'^hasplqb]^ matter) or 
S^zBlb , the cost of production per lb, 
shellac works out at JRs.4^6-0, The cost be 
ver>' greatly reduced if Ae production of large 
quantities oi bleached sheljac is taken in hand, 
and also if cheap chiming be made available in 
quantity. 


Sampi6 of 
bJeacbed abdUac. 


Colour. 


TABtE L 

Hardness. 


Solibllity m cold alcohol 
’ per cent.) 


^English make White (very slightly dark at 

the core£. Very crisp I2*i per cent soluble 

^u. Waldie' s make Dark Rather plastic t 

f Our own make White Crisp 56*6 per cent soluble^ 

;tOur own make White Rather plastic - complete ^ \ 

^ The sample had been kept in our laboranny^ for a tinie. . - ^ : 

-The shellac was j^ored under^ a siightdy acid solurion. ^ , 

t Kept exposed to &ht and air ^ far ^x. months. . > 

XT' J- ^ - Jt- ^ . r v * 
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The calculation has been made with inflated 
prices of shellac and bleaching powder, such as 
are current at the present time. In 1903-4 the 
price of shellac rose to 230s. per cw’t. ; in 1908-9 
the price was reduced to 60s. per cwt. Quite ex- 
ceptional prices were reached during the war, 
even 400s. per cwt. being exceeded. In 1918, 
arrangements had been made in England by 
which the shellac required for munitions was ob- 
tained direct from India at 144s. 6d. per cwt for 
all Government contractors who could produce 
evidence that they required the supplies for 
Government orders. 

Cofii^osition of Bleached Shellac. — ^According to 
Tschirch, bleached shellac contains chlorine, so 
that the iodine absorption is materially modified. 
Fraymouth <"An Argument for a Change in the 
Lac Industry/' Indian Munitions Board Industrial 
Handbook, 1919) says that an additive compound 
of shellac with chlorine is obtained. 

This problem will shortly be taken up for in- 
vestigation at the technical laboratory, since a few 
samples of bleached shellac made here did not on 
examination reveal the presence of chlorine. 

Bleached Shellac : Its Prefaration as a Local 
Industry. — Mr. Fraymouth says ‘*it is unlikely 
that white lac will ever be manufactured in India, 
because it remains hard only at low temperatures.'^ 
India is the great shellac-producing country of the 
world, and it should really be her monopoly to 
manufacture white iac ^bleached shellac) If 
chlorine is imdei^d available in large quantities 
and as a cheap commodity, then there is abso- 
lutely no reason why India should not be the seat 
of manufacture of bleached shellac. The most 
vita! drawback to its local manufacture is the 
scarcity of chlorine, or, for the matter of that, 
cheap chlorine. 

White slwllac is at present imknown and tm- 
obtainable in the country, and owing to its rapid 
deterioration, unless made into polish, is not im- 
ported- Several of the Indian timbers cannot be 
properly finished without the use of bleached 
shellac, and a considerable addition to the uses 
of certain woods is sure to follow if the matter of 
polish can be handled locally, — Journal of Indian 
Industries and Labour. 


FUEL PROBLEMS OF THE FUTURE.* 

By Sir GEORGE T* BEl LBY, F.R.S. 
iConcIu^faed from p. 

WfflN coal is used for steam-raising tinder the 
best-^qafown conditions, it is obvious that there is 
little to be gaSlSd in thermal efliciency by any pre- 
liminary sorting-out of the thermal units of the 
coal into fuels of higher availability. It is well- 
that an efficiency of 75 to 80 per cent is 
attainable in steady practice. This is brought out 
by the results of the working during the first 
quarter of the present year at the two London 
power stations to which reference has already been 
made. At the station of the General Electric 
Supply Co., the average efficiency, less banking, 
.was 75’s per cent, though the average percentage 
of ash was 18*4. At the Dumford Road power 
house, the average effici^cy was 78 per cent, and 
dhe average percentage of ash was 16. Supposing 

’m tile theatre of SM Institution of Cml Engineers, 
liandHSAu lasfiited by favonr of lae Guts Jtmrwxl, June 39, 3921. 


the coal used at these stations had been submitted 
to preliminary carbonisation and its thermal units 
sorted out into the forms of gas, tar, and coke, 
how would this have affected the evaporative effi- 
ciency of the total thermal units of the coal ? 

The coke would contain 70 per cent, the gas 12 
per cent, the oils ii per cent =93 per cent; in- 
trinsic thermal loss 7 per cent, heat to be supplied 
for carbonisation 6 per cent -13 per cent; net 
thermal value of the products =80 per cent. 

The high thermal availability’ of the rich gas 
would be thrown away if it were used for steam- 
raising; the fuel oil would be a boiler fuel de- 
cidedly superior to the original coal ; and the coke 
would not be of more than equal value to the coal. 
Solely from the steam-raising point of view, there- 
fore, a thermal loss would result, and not a gain, 
from the operation. 

I at once admit that in special cases this ther- 
mal loss might be compensated for if a local 
market for the rich gas were available. In most 
cases, however, the margin of profit would be 
much too small to justify^ the extra capital ex- 
penditure requif^. 

The valuable papers of *Mr. D. Browlie 
{Engineermgj July 12 and 19, 1918; July 25 and 
Aug. I, 1919; Dec. lo and 17, 1920) throw a much- 
needed light upon the use of coal for steam- 
raising. His analysis of the statistics which he 
has collected shows that the amount of coal used 
for steam generation in this country for heat and 
power production is from 75 to 100 million tons 
per annum, or about one-half of the -whole coal* 
consumption. Mr.' Brownlie’s conclusions as to 
the comparative efficiency of the numerous boiler 
plants he has personally examined during the past 
seven or eight years, and the extension of these 
conclusions to coyer the whole steam-raising prac- 
tice of the United !^ngdom, supply us with 
material on which some broad generalisations may 
be based. Mr. Brownlie divides the existing boiler 
installations in 4 ;h 8 «.UJUfcilied‘«Kingdom into three 
classes — ^bad, average, and highly efficient Of 
the total number, 10 per cent are bad, 85 per cent 
are average, and 5 cent are highly efficient. 
As regards the efficiencies of each class, wdth 
water-tube boilers, the bad give 61 per cent, the 
average give 69 per cent, and the highly efficient 
give 82 per cent while Lancashire boilers, 
the bad give 49 per cent, the average 60 per cent, 
and the highly efficient give 79 per cent. 

If we take the minimum figure of 75 million tons 
as the amount of coal annually used for steam- 
raising, it is clear that the scope for economy is 
enormous; for even a moderate increase of effi- 
ciency of 10 per cent over all would result in a 
saving of yi million tons per annum. Mr. 
Brownlie’s own experience of the savings to be 
effected by the reorganisation of existing plants 
leads him to take a much higher saving as a possi- 
bility. In the case of the colliery’ steam-boiler 
plants (the average efficiency of wffiich he places 
at 51 per cent), he estimates that the coal bill for 
all the colliery plants in the country’ is iSimillion 
tons, and that the efficffiiency might easily be 
ra£ised by 10 to 15 per cent; while by the 
systematic use of colliery waste a further saving 
of saleable coal would be realised. 

Mr. Brownlie’s facts and figures are well worth 
the careful study of all wffio are seriously in- 
terested in fuel edonomy. These show the enor- 
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mous possibilities in this direction which are 
actually within our grasp if we will only avail 
ourselves of the knowledge which already exists. 
No new and revolutionary discoveries are required 
for their realisation. The problem of the future 
which atvaits solution is how to stimulate the prac- 
tical interest of the owners of steam-raising plant 
throughout the country. It may be that the per- 
manently increased cost of coal will supply the 
necessary stimulus* but this will only begin to 
take effect when the industry has settled down to 
more normal conditions. For steam-raising in 
this country, the cheapest form of fuel is coal or 
coke, if it is used under reasonably scientific con- 
ditions ; and so long as this is the case, the use of 
fuels of higher availability will only be economic- 
ally practicable under very special conditions. 

In America the use of pulverised fuel is making 
steady progress, not only for metallurgical pur- 
poses (for some of which it is very suitable), but 
even for steam-raising. The case for steam- 
raising by this method is still, however, by no 
means clear. 

The primary object of the coke industry’ is the 
production of hard coke for the manufacture of 
iron and steel. The coals must be of a special 
type. The therms obtained in the form of gas, 
though of high availability, are primarily used for 
the heating of the coke-ovens, for which therms of 
lower availability would do equally well. In a 
few instances -in this country the surplus gas is 
sold to gas undertakings in the neighbourhood of 
the coke-ovens; and in these cases advantage 
is taken of its high availability. In Northumber- 
land and Durham the surplus gas from the coke- 
ovens is used for the generation of electricity by 
steam-boilers and engine; the current produced 
being fed into the main circuit of the Newcastle 
Power Co. In this case the high availability 
the gas therms is thrown away in doing work 
which could be done equally well by cheaper 
therms in the form of coal or coke. The tar and 
ammonia which are recbvwgd fjom the coke-ovens 
take their place side by side with the same pro- 
ducts of carbonisation in gasworks. The hard 
coke, owing to its density, and the practical ab- 
sence of volatile matter, is quite unsuitable as a 
donaestic fuel, except in specially constructed 
stoves or waterheaters. 

The future development of^the coking industry 
must mainly be determined by its intimate asso- 
ciatitm with the iron and steel industry. 

in the gas industry*, the fuel problems of the 
future have a new interest since the publication of 
the tepofn of the Fuel Research Board on the re- 
sults of their inqui^ into the subject of gas 
standards. As you a¥e no doubt aware, the results 
of this inquiry led to the adaption by the Board 
of Trade of a new method of charging the con- 
sumer for the gas which passes through his meter. 
The volume of this gas is stiI 4 , measured aM 4 re- 
corded ; but the consumef no longer pays <m 
thousands of cubic feet, but on the i^oduct of the 
multiplication of the number of cubic feet j^tssed 
by the standard calorific value of the gas per 
cubic foot. The unit of charge is the “therm,” 
which is the name adopted for 100,000 British 
bhennal Und^r thus system it is now pos- 

sible In give gas undertakings a wide Ihfitude m 
the selection of the standard of calorla^ value 
which they adopt, and a mmM fdder 


choice of the methods by which the gas is manu- 
factured. In the report it was stated that the 
great gain for the gas undertakings under the 
new system would be that no undue legislative 
restrictions would limit them in their development 
of the most economical production of thermal 
units in the form of gas. It was pointed out that 
there was still great scope for this development, 
as, according to present practice, only from 21 to 
24 per cent of the total potential thermal units of 
the coal is being sold in the form of gas. 

To increase this percentage, two methods were 
available, both depending on the production of 
water gas by one or other of the reactions between 
steam and carbon at a high temperature. The 
first of these methods was the old-established one 
in which a portion of the coke produced in the re- 
torts was transferred to a separate producer, in 
which It was raised to bright incandescence by an 
air-blast and then subjected to the action of a 
current of steam. The thermal efficiency of this 
operation ranged from 45 to 55 per cent, accord- 
ing to the method of blowing-up and steaming 
adopted. The second method has recently been 
chosen in connection with vertical retorts. In this 
case the water-gas reactions are carried out in the 
lower part of the column of red-hot coke in the 
retort itself, by passing through it a current of 
steam. The volime of gas produced is much in- 
creased, though its calorific value is reduced by 
the addition of vrater gas, to the hydrocarbon gas 
resulting from the canonisation of the coal. 

It was foreseen by the Fuel Research Board 
that the introduction of the new thermal standard 
wrouid open the way to a more general adoption of 
this method; and a siting of vertical retorts was 
installed at the Fuel Research Station with the 
; object of obtaining trustw*orthy data as to the con- 
ditions and the limitations of the steaming pro- 
cess. A full report on the results of the experi- 
mental working during the past year was recently 
presented to the Institution of Gas Engineers. 

As the experimental plant at the F ael Research 
Station is especially adapted for the obtaining of 
full and di^n»al and other data, it is now 

possible to speak with considerable confidence on 
the economic bearings of this process as applied 
to several distinct ty|^5 of coal Two of the 
questions which it Wlas proposed to answer were : 

1. Under pre-arranged conditions of tempera- 

ture and percen^Uge of steam* how will 
the yields of the prmc^p^ j^pduc^^^as, 
tar, coke, and ammonia — Se^awfefed in 
different type^'^bf coal ? 

2. To secure the increased yields of products, 

how much bittra heat must be supplied to 
the retorts? 

The gain which is of most importance to the gas 
industry is that of in the form of saleable 

gas. It had bees common knowledge for some 
years that this gain by steaming was an assured 
one, if gas of a calmrific value of 400 to 450 
B*Th.U, could be e^ablished as a sal^hie com- 
modity, it was equally certain wtofe die 
effect of steaming be on the pro- 

ducts— tar, coke, and qigmonia. 

We cma nmr is 

imi only a very m in the 

form of alsb in the yields ifetr and am- 

mionia. J voU 


t resufe of one set of 
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tests, which were carried out on a South York- 
shire coal of good quality*. 

At a working temperature of 1260“ C., and wdth 
21 per cent of steam, the gains per ton of coal 
were : 22 therms in the form of gas ; 341b* of tar ; 
and 61b. of ammonium sulphate. While without 
steam only 23 per cent of the potential heat of 
the coal was obtained in the form of gas; with 
steam, 33 per cent was obtained. The extra heat 
which had to be supplied to the retorts in order to 
produce these results was ten therms per ton of 
coal carbonised. It is estimated that the addi- 
tional value of the products obtained by steaming 
amount to at least los. per ton of coal carbonised. 

The general adoption of steaming in vertical 
retorts will ^ almost certainly be followed by a 
great extension of the use of this form of retort, 
and a ver\’ substantial saving will result, both as 
regards gas undertakings and consumers at large. 

ConclHsiaas . — From this brief review, it appears 
that coal is likely to remain for a long^ time the 
world^s chief source of fuel. Its more efficient use 
may be secured : — 

1. By more careful sorting and preparation at 
the mines. 

2. By the improvement of boiler firing on ivell- 
known lines. 

3. By the sorting-out of its combustible con- 
stituents into fuels of higher availability or con- 
venience by preliminary carbonisation earned out 
either at high or low temperatures. This has an 
important bearing on 'the development of home 
sources of fuel oil and motor spirit and on the 
production of smokeless solid fuel for domestic 
purposes. 

The development of oil shales as a source of 
liquid fuels is still only in its initial stages; but 
it has evidently a great future. 

The problems of the utilisation of peat, which 
cover a wide range, both technically and econo- 
mically, are mainly of local importance, and are 
not likely to affect the fuel supplies of the world 
to any great extent. 

The production of alcohol on a really large 
scale as a motor fuel of high availability bristles 
with economic and technical difficulties; and it is 
still too soon to pronounce an opinion on the possi- 
bilities of the future. 

Most, if not all, of these problems on their 
technical side are probably capable of solution by 
the skill and application of the industrial pioneers 
of tbe world; but the most difficult of the fuel ! 
problems of the future are those into which the 
human element enters so largely. At home, the 
relations of the wage-earning classes with the 
actual leaders who initiate and direct our indus- 
trial policy, and abroad, our relations with other 
patkwas who are equally interested with ourselves 
in the natural resources of the world, are pro- 
foundly a^ected by the spirit of the times. This 
spirit, as it is manifesting itself to-day, is fatal 
to the progress of reconstruction and <feveiop- 
ment on any extensive scale ; and we, whose chief 
interest in life lies in the control and use of the 
powers and resources of Nature for the service 
of man, can only continue to do the work next 
our hand while we cherish the hope that the better 
side of human nature, which we hnow is only tem- 
porarily overshadowed, will gradually reassert 
itself. 


MINERS^ CONFERENCE AND F.B.I. 

To the Editor of the Cheynical News, 

SiRj — At the Miners^ Conference at Llandudno on 
the 19th inst., Mr. Gavan Dulfy was reported 
generally in the Press as having said that the 
Federation of British Industries had 376 of their 
members in the House of Commons ; this group, 
in his opinion, possessing complete control over 
the Government. 

Statements of this kind have been made by res- 
ponsible Labour leaders in every part of the 
countr>', though without the slightest foundation. 
It seems necessary, therefore, to correct an error 
which such a large number of Labour publicists 
are making. The facts can be clearly stated as 
follows : — 

The Federation of British Industries takes no 
part in politics whatever, and has never at any 
time supported or worked for Parliamentaiy^ can- 
didates. It happens in the ordinary course of 
events that there are betwen 70 and So Members^ of 
Parliament who are connected with firms which 
are Members of the Federation, but in no single 
instance can it be said that the Federation had 
any part in these being elected. — I am, &c., 

J D. Benbow Hebbert 
Director’s Department. 


CHEMICAL NOTICES FROM FOREIGN SOURCES, 

Comfies Rendus Hebdomadaires des Seances de 
VAcadenue des Sciences, Vol. clxxiii., No. 6. 
“^New Spectrum of Caesium.” — By M. L. 
Dunoyer. 

“New Revision of the Density of Gaseous 
Oxygen.” — By MM. E. Moles and F. Gozalez. 

“Synthesis and Dghxdration of Ethyl-propyl- 
phenyl-cartinol,” — By M. Vartkes Veramian. 


NO^S. 

Congress of Applied Chemistry. — The So date 
de Chiniie hidusirielle will hold a 

meeting of its m^apy^* French and foreign members 
on October q, 10, ii, and 12. This meeting, 
which will constitute a veritable congress of in- 
dustrial chemistry, will comprise 34 sections, 
oorresponding to the various applications chemis- 
try : analytical clmmistrj'' ; factory equipment ; 
laboratory equipment; gas^ and coke industry; 
hydrocarbons, petrols; distillation of wood and 
derivatives; refrig^ation industries; waters; 
metallurgy; electrometallurgy; precious metals; 
major chemical industries ; electrochemistry ; lime, 
cements, and building materials ; glass and 
enamel manufacture and ceramics; minor chemi- 
cal industries; rare earths and radio-active sub- 
stances; colouring materials; pharmaceutical and 
photographic products; poivders; explosives; 
essences and natural and synthetic perfumes ; 
resins; lacs; varnishes, waxes; caoutchouc and 
substitutes; fats, soaps, candles, glycerines; cellu- 
lose paper; plastic materials and artificial tex- 
tiles; bleaching, dyeing, printing; tinctorial ex- 
tracts and t^nihs ; tanning and allied in- 
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dustries ; fermentation industries ; oonology ; 
cider manufacture ; brewing ; distilling ; sugar 
manufacture ; manufacture of starch and glu- 
cose; daindng; foods; agricultural chernism*; 
soils and the use of manures. Important ques- 
tions will be discussed by the most renowned 
specialists. The Congress, which will be held at 
the Conservatoire des Arts et Metiers, will be 
opened on the evening of October 9 by a reception 
of the members The opening meeting will take 
place at 9.30 a.m, on the loth. M, Dior, the 
Minister of Commerce, presiding. Many celebri- 
ties of the scientific and industrial world have 
promised to give lectures during the congress, and 
the closing meeting will take place on the nth, 
at 5 o'clock, when M. Loncheur, Minister of the 
Liberated Districts, will take the chair. A 
general banquet will follow at the Palais d’Orsay, 
M. Lefebre du Prey, Minister of Agriculture pre- 
siding, and the next day the members of the Con- 
gress will pay visits to various factories. 

Exhibition of Chemistr\. — An Exhibition of 
Chemistr>% organised under the patronage of the 
Minister of Commerce by the Socieie de Ckinne 
Indiistrielle on the occasion of the First Annual 
Meeting will be held from October 7 to 16 at the 
Conservatoire Xationale des Arts et Metiers. 
This Exhibition, the germ of future chemical ex- 
hibitions, will include only two sections : the 
Equipment of the Laborator>’ and Industrial 
Control ; and Colouring Materials. Most F ranch 
firms are included amongst the exhibitors. The 
novelty and diversity of the goods products 
which they propose to send cannot fail to attract 
many visitors interested in the progress and 
development of various branches of chemistry. 

Institution of^ EuEcrmcAi Engineers.-— At a 
meeting of the Privy Council held at Buckingham 
Palace on Wednesday, August 10, 1921, the 
petition of the Institution for a Royal Charter 
of Incorporation was approved, and a Royal 
Charter has now been granted. |Iis Majestv" the 
King has also been graciously pleased to intimate 
his willingness to become Patron of the 
Institution. 

Technical College^' Bradford. — The Calendar 
of the College for the Session 1921-22 gives de- 
tails of the full-time (day) and part-time {mamly 
evening) courses in the departimats-of textile in- 
dustries, chemistr>% dyeing, medbt^pical, civil, and 
electrical engineering, and biology of the College^ 
The full-time courses extend over three or four 
years, and lead to the Diploma of the College, 
and the part-time courses, which involve atten- 
dance on three evenings a week during three or 
five sessions, lead to Senior and Advanced Course 
Certificates of the College. The courses have 
been specially designed to js^et the needs of 
students wishing to receive a technological train- 
ing which wdil enable them to occupy higher posi- 
tions in industry. The Tull-time courses in the 
College are of University standard, and candi- 
dates for admission to these courses who have not 
passed the Matriculation Examination or one of 
its equivalent examinations, are required to pass 
the College Entrance Examination, the standard 
of which is approximately the same as that of the 
Matriculation Examination, Special considera- 
tion is, however, given to the cases of students 
who have been in whole-time industrial epiploy- 
ment for several years, and may wi^ tc 
enter one of the full-time courses. The full-time 


courses have recently been modified with a view 
to meeting the requirements of those candidate? 
who present themselves for the Diploma of the 
College and who may wish, at the same time, to 
present themselves for one of the degree examma- 
tions of the University of London. The part-iime 
(evening) courses in the College are intended to 
meet the needs of those students who are engaged 
in industry during the greater part of their time. 
These courses form a large and important part of 
the work of the College. Many of the advanced 
courses are attended by those students who have 
already completed systematic technological 
courses, and have entered industry, but who wish 
to keep abreast with the various developments 
which are continually taking place. In addition 
to the organised courses, the College also provides 
special facilities for those students who may wish 
to undertake advanced study. Students may also 
undertake research in the various departments of 
the College, and with a view to the further de- 
velopment of this part of the work of the College, 
additional equipment and accommodation is being 
provided. The advanced work of the College in- 
cludes special post-graduate courses suitable 
for candidates wishing to prepare themselves 
for the examination for the Diploma in 
Public Health of the Royal College of 
Physicians and Surgeons. The equipment 
of the College is extensive,, and includes a 
complete plant for the washing, carding, comb- 
ing, spinning, weaving, dyeing, and finishing of 
textiles. A special feature of the equipment is 
the Power House, which has been arranged for 
demonstration purposes, and which supplies the 
whole of the power light required by the 
College. Mention should also be made of the new 
engineering apparatus, which will provide special 
facilities for microphotographic w'ork, for auto- 
mobile engineering, and for heat treatment. 
Registration for the part-time courses in the 
College will take place from September 13 to 17, 
and for the full-time courses in the College from 
September 20 to 23. In view of the limited 
accommodation now available, applications for 
admission for the full-time courses should be 
made without delay. 

jAPAi^E Lacquer Industry. — The centres of 
the Japanese industry are Wa}imi and Yamashiro 
in Tshikawa. Before the war business greatly de- 
clined because Chinese varnish was often em- 
ployed, which is not so gotjd; fluad the wood was 
not well prepared. Consequently the Ofefqtjts were 
not sufficiently resistiiqig. for diy climates of 
Europe and America, Moreover, German paste- 
board imitation^ competed keenly with cheap 
Japanese lacquered articles. Consumption has 
now increased, but two-thirds of the varnish em- 
ployed comes from China, where wild trees are 
tapped. The lacquer obtained is not sufficiently 
purified, and is inferior to the Japanese product. 
— Matter es Grasses, July, 1921, 

A Platinum SuBStinnE.— The employment of 
crucibles made with an alloy, flatine (Au-f Pt), is 
recommended by Mr. Van der Marck. These 
crucibles are not suitable for electroH'tic eSItmates 
ndr analyses made above^ 1000“ C., but they are 
quite good for estimates olCaCO^, FcsO, 

ZbO, ^c. The alloy in questhr*n is clearly in- 
ferior to platinum for sulphuric and nitiic acids; 
it resists the action of KOH and KXO, at a red 
beat .— et July* 1931. 




A dveriisements 


Fkee British Propagam>a at the Trieste 
' Samples Fair. — The authorities of the Annual 
Trieste Samples Fair, which commences on Sept. 
II, have invited H.M, Government to form a 
British Propaganda and Information Bureau at 
the Fair. The stand has been placed at the dis- i 
posal of the British Consul-General free of ! 
charge, and the organisation of the Bureau has I 
commenced. Trade catalogues, photographs, and j 
general literature will be displayed on the stand, ! 
and information supplied in response to commer- I 
cial enquires. At the same time, every effort will 
be made to stimulate the interests of the Italian, 
Balkan, and Levantine visitors to the Fair in 
British production generally, and in travel in the 
United Kingdom. The object of the Fair authori- 
ties in making their offer is to enable those British 
firms who cannot participate individually to make 
known the range of their products to the buyers at 
the Fair. There will be no expense to United 
Kingdom firms whose literature is displayed at the 
Propaganda Bureau, apart from the cost of for- 
warding it to Trieste. So far as possible all 
catalogues, &c., should be in Italian. Firms in- 
terested should despatch such matter by express 
post not later than September ist to the British 
Consulate General, Trieste, marked “British 
Propaganda Bureau.” As the space available is 
somewhat limited, the number of catalogues des- 
patched by any one firm should not exceed 50, 
and of le^ets 500. , ^ 


NEW COMPANIES. 


The under-mc^Qtioned of New Companies recently 

x^stered are taken frosa the Daily Register compiled by 
Jordan & Liy!T£i>,CoB(i|>any Registration Agents, Cbascery 
Lane, W.C a. 

Byproducts Extractions, Limited. — {176337I — Registered 
August 17th, ipti. Domngton House, Norfolji Sireet, Strand, 
W.C 2. To acquire an Invention in relation to the treatment, 
application or use for co nmeaxial utility or scientific purposes of 
&wage and other Waste Nominal Capital: £io^xxi in io,ooq 
Ordinary Shares of £x each. Directors. H L. Davis, 7a, Courhtold 
G er d emts, S, W,5. ; W. Hunt, 23, Cecil Mansions, Balhaun, b.W.iy; 
A, LySe>Sam«ei, M P., Doweit House, Sizewell-sum-Leiston, 
Sufiolk, G. Sievwright, 25, Ryder Street, St. James's, S.W. ; 
N. Sievwrsght;. 25, Ryder Street, St. Jmaes's, S.W. Qualification of 
Directors : i Sh«^e. Remuneration of Directors . £100 each. 

Rowamd & Co., Limitkd.--{i76354)-- Registered August 17th, 
1921. i, Crosshall Street, Liverpool. To eatry on the busmess 01 
Chemists and Druggists, nominal Capital . £^00 in 500 Shares 
o€ £2 each. Directcns: E. M. ^Morphy, T. E Hughes. Qualifica- 
tion of Directors i Share. Remuneration of Directors: To be I 
voted by Company. 

D. T. Evans, Limited.— <176307)— Registered August i6th, i 
Mai. To acquire and carry on the business of Wholesale and 
KetaH Chemis<rs and Dmggists*.«i Nominal Capital . £25,000 in 25,000 
Shares of /s eads. Directors; D. T Evans, Farninghan Lodges 
Margate Director); Dorothy C. Evans, Famix^han 

Ltx^e, Margate ; £. Bncton. Qualification of Directors : too 
RemnneratkHi of Directors ; To be voted by Company. 



Tonts list i$ spectally complied for the ChtmifeU Messxs* 

Rayner & Co , Regastenea Patent Agents, of 5. Chai»cety Lame> 
IxAdcm, W.C.2., from whom all inforsoatioa irdtesg to 


21369— Gawalowski, A.— Process for production of synthetic 
camphor. August ii. 

20969 — Kulas, C.— Process for production of resinous products of 
condensation from phenol and formaldehyde. August lo. 
21342 — Stacey, F.— Dynamo-electric machines for producing 
oxides of nitrogen. August ii. 

21321— Walker, D. D,— Fractional distallation of crude naphtha. 
August II. 

Spectficatfons published this Weeh. 

167219 — Wade, H,— Process of catalytic oxidation. 

149648— Schroiedel, T. and Klencke, H.— Process for the production 
of sulphuric acid. 

167313— Spence & Sons, Ltd., P., Spence, H. and Craig, T. J. I. — 
Purification of sulphur. 

1^3550 — Nitrogen Corporation. — Production of ammonia. 

157850— Haakh —Manufacture of oxyarylaldehydcs. 

Abstract Published this Week, 

Sodium Formaie . — Patent No. 165163. — Mr. M. Enderli, of 
Oestnch, Rhentgau, Germany has Patented an improved process 
for producing Si^ium Formate. Carbon Monoxide is introduced 
into water containing sodium sulphate and lime, the sodium 
sulphate being maintained at a concentration not greater than 7 per 
cent calculated as Nag SO* This concentrated may be regulated 
by the presence of basic sodium calcium sulpha^ Ca^ (SO*) 
4(0H)2, obtained by heating calcium or sodimn hydroxide in water 
with sodmm sulphate and calcium sulphate, or with substances 
contmning or forming these compounds, e.g., calcium sodium 
sulphate or sodmm chloride and calcium sulphate. Another method 
of maintaining the sodium sulphate concentration consists in adding 
sodium sulphate or calcium sodium sulphate or basic sodium 
calcium sulphate to refHace the sulphate as it is consumed, excess 
of lime being eithev* present in the reaction vessel or gradually 
added thereto. 

Messrs. Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free fortheofi&cial 
price of 1}- each. 


NOTICES. 



EDITORIAL.— All Literary communications and Books, Chemii^ 
Apparatus, &c., for review or notice to he addressed to the 
Editor. 

8UBSCBIFTIOES, £l 13 s. per annum, payable in advance, should 
be addressed to the Manager. 

BACK NUKBEBS and YOLDMES can be purchased on application 
to he Manager, 

THE CHEMICAL NEWS, 

97, Shoe Lane, London, 

— ■ 

ADYERTISEMEKTS. 

All conununications for tliia Departaaent slioiild be ad- 
dreated to— 

T. ^ SCOTT & SON, 

63, Lddga 9 ^ H-itcf*tSWiioN, EC. 4 



CITY OF LONDON COLLEGE, 

WHITE STREET AND ROPEMAKER STREET, 

MOOI^IELDS, E.C. 2 . 

MICHAELMAS TERM COMMENCES 
SEPTEMBER 26 tli. 


LASSES and Lalwratory Work in Chemistry . 

Special Preparation for the Examinaticms of the Pharmaceuti- 
cal Society. Cour^son Commercial Products : Oils, Tcxtilea, 
Canals, Sugar, etc. 

Full particulars gratis on application to DAVID SAVAGE, 

Secretary. 


PATENTS, TRADE MARKS. Handbook 

L And advice free— B. T. King, British and U, S. R^d. Patent 
Attorney, 146 a, Victoria St., London. ^ yearsrcfm«M!e 
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BRITISH ASSOCIATION 

FOR THE 

ADVANCEMENT OF SCIENCE. 

Edinburgh, iq2i. 

INAUGURAL ADDRESS OF THE PRESIDENT. 

Sir T. Edward Thorpe, C.B., D.Sc., Sc D., 
LLD , F.R.S., Hon. F.R.S. Edin, 

The British Association for the Advancement of 
Science owes its origin, and, in great measure, its 
specific aims and functions^ to the public spirit 
and zeal for the interests of science of Scotsmen. 
Its virtual founder was Sir David Brewster; 
Its scope and character were defined by Principal 
Forbes In constitution it differed from the 
migratory scientific associations existing on the 
Continent, which mainly served to promote the 
social intercourse of their members by annual 
gatherings, in that it was to be a permanent 
organisation, with a settled establishment and 
headquarters, which should have not merely its 
yearly reunions, but which, ^y methods and by 
influence peculiarly its own, should ontinue to 
operate during the intervals of these public assem- 
blies, and should aspire to give an impulse to 
eveiy^ part of the scientific system ; to mature 
scientific enterprise; and to direct the labours re- 
quisite for discover.” 

Although, for reasons of policy, it was decided 
that its first meeting of September 27, 1831, should 
be held at York, as the most central city for the 
the three kingdoms, and its second and third meet- 
ings at the ancient Universities of Oxford and 
Cambridge respectively, it was inevitable that the 
Association should seize the earliest opportunity 
to visit the Metropolis of Scotland where, as an 
historical fact, it may be said to have had its 
origin. 

The meeting in this city of September 8, 1834, 
was noteworthy for many reasons. It afforded 
the first direct proof that the Association was ful- 
filling its purpose. This was |hown by the popu- 
lar appreciation which attended its activities, by 
the range and character of its reports on the state 
and progress of science, by the interest and value 
of its sectional proceeding, and by the mode in 
which its funds were employed. In felicitous 
terms the president of the pre^^lng year, the Rev. 
Professor Sedgwick, congrati^ated the gathering 
‘‘on the increased strength m which Sbey had 
assembled, in a place endeared to the feelings of 
every lover of science by so n§n y delightful and 
elevating recollections, espec®% by the recollec- 
tion of the great men whom it had fostered, or 
to -whom it had given birth.” In a few brief 
sentences Professor Sedgwick indicated the great 
power which this Association is able to apply to- 
wards the advancement of science by combination 
and united action, and he supported his argument 
by pointing to the results w|^ch it had already 
achieved during the three ^ort years of its 


existence. Professor 
less true to-day. His 
most important funcions of this 
union is to further what he termed the '^commerce 
of ideas” by joint discussions on subjects of kin- 
dred interest, has been endorsed by the recent 
action of the Council in bringing the various sec- 
tions into still closer touch with each other with 
a view to the discussion of common problems of 
general interest. This slight reorganisation of 
the work of the Sections, which is in entire accord 
with the spirit and aims of the Association, as de- 
fined by its progenitors and formulated in its 
constitution, will take effect during the present 
meeting. Strictly speaking, such joint sectional 
discussions are not unknown in our histor>% and 
their utility and influence have been freely recog- 
nised. But hitherto the occasions have been more 
or less informal. They are now, it is hoped, to 
be part of the regular official procedure of the 
meetings, to which it is anticipated they will 
afford additional interest and value. 

Another noteworthy change in our procedure is 
the introduction of discussions on the addresses of 
the Presidents of Sections. Hitherto these 
addresses have been formally read and never dis- 
cussed. To the extent that they have been brief 
chronicles of the progress of the special depart- 
ments of science with which the section is con- 
cerned they have given but little opportunity for 
discussion. With the greatly increased facilities 
which now exist for every worker to keep him- 
self informed of the development of the branch of 
knowledge in which he is more particularly in- 
terested, such resumes have in great measure lost 
their true purpose, and there has, consequently, 
been a growing tendency of late years for such 
presidential addresses to deal with contemporary 
topics of general interest and of fundamental im- 
portance, affordmg ample opportunity for a free 
exchange of opinion. The experiment will cer- 
tainly conduce to the interest of the proceedings 
of the sections, and will contribute to the per- 
manent value of their work. We see in these 
several changes the development of ideas con- 
nected with the working of the Association whiph 
may be said to have had their birth at its 
first meeting in Edinburgh, eighty-seven years 
ago. 

Sixteen years later, that is, on July 21, 1850, 
Edinburgh again extended her hospitality to the 
British Association, which then honour^ itself 
by electing the learned Principal of the United 
Colleges of St. Salvator and St, Leonard, St. 
Andrews, to the presidential chair — at once a 
tribute to Sir David Bre#steris eminence as a 
natural philosopher, and a grateful recognition 
of his services to this body in suggesting and pro- 
imoting its formation. 

On the occasion of his inaugural address, after 
a brief account of recent progress in science, made 
with the lucidity of expresson which characterised 
ail the literary efforts^ of thb learned biographer 
of Newton and versatile editor of the Edinburgh 
Encycl0fmdia, the Edinburgh Metgaeine, and & 
Edinburgh /ournsd SciencSj the President 
dwelt upon the beneflc^t influence, of the Asso- 
ciation in securing a' nioie general attention to the 
objects of science, in effecting a removal of disad- 
vantages of a public kind that impeded its 
progress. It to the action of the Asso- 
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dation, assisted by the writings and personal 
exertions of its members, that the Government 
was induced to extend a direct national encourage- 
ment to science and to aid in its organization 

Brewster had a lofty ideal of the place of 
science in the intellectual life of a community, 
and of the just position of the man of science in 
the social scale. In well-weighed words, the 
outcome of matured experience and of an intimate 
knowledge of the working of European institu- 
tions created for the advancement of science and 
the diffusion of knowledge, he pleaded for the 
establishment of a national institution in Britain, 
possessing a class of resident members who 
should devote themselves wholly to science — with 
a place and station in society the most respect- 
able and independent — ^‘ffree alike,” as Playfair 
put it, ‘'from the embarrassments of poverty or 
the temptations of wealth.” Such men, ‘'ordained 
by the State to the undivided functions of 
science,” would, he contended, do more and better 
work than those who snatch an hour or two from 
their daily toil or nightly rest. 

This ideal of "combining what is insulated, and 
uniting in one great institution the living talent 
which is in active but undirected and unbe- 
friended exorcise around us,” was not attained 
during B re waster’s time; nor, notwithstanding the 
reiteration of incontrovertible argument during 
the past seventy years, has it been reached in our 
own. 

I have been led to dwell on Sir David 
BrewstePs association wdth this question of the 
relations of the State towards research for several 
reasons. Although he was not the first to raise 
it — for Davy more than a century ago made it the 
theme of presidential addresses, and brought his 
social influence to bear in the attempt to enlist 
the practical sympathy of the Government — no 
one more consistently urged its national import- 
ance, or supported his case with a more powerful 
advocacy, than the Principal of the University of 
Edinburgh. It is only seemly, therefore, that on 
this particular occasion, and in this city of his 
adoption, where he spent so much of his intellec- 
tual energy, I should specially allude to it. More- 
over, Ave can never forget w’hat this Association 
owes to his large and fruitful mind. Every man 
is a debtor to his profession, from which he gains 
countenance and profit- That Brewster was an 
ornament to his is acknowledged by every lover 
of learning. That he endeavoured to be a help 
to it was gratefully recognised during his life- 
time, After his death it was said of him that 
the improved position of men of science in our 
time is chiefly due to bis exertions and his 
example. 

I am naturally led to connect the meeting of 
1850 with a still more memorable gathering of 
this Association in this city. In Au^st, 1871 — 
just over ha!f-a-century ago — the British Associa- 
tion again assembled in Edinburgh under the 
presidency of Lord Kelvin — ^then Sir William 
Thomson It was an historic occasion by reason 
of the address which inaugaurated its proceedings. 
Lord Kelvin, with characteristic force and insis- 
tence* still further elaborated the theme which had 
been so signal a feature of Sir David Brewster's 
address * twenty years previously ; "Whether we 
look to dm honour of England,” he said, ®as a 
nation which ought always to be the foremost in 
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promoting physical science, or to those vast 
economical advantages which must accrue from 
such establishments, we cannot but feel that ex- 
perimental research ought to be made with us 
an object of national concern, and not left, as 
hitherto, exclusively to the private enterprise of 
self-sacrificing amateurs, and the necessarily in- 
consecutive action of our present Governmental 
Departments and of casual committees.” 

Lord Kelvin, as might have been anticipated, 
pleaded more especially for the institution of 
physical observatories and laboratories for experi- 
mental research, to be conducted by qualified 
persons, whose duties should be not teaching, but 
e-xperimenting. Such institutions as then existed, 
he pointed out, only afforded^ a very partial and 
inadequate solution of a national need. They 
were, for the most part, “absolutely destitute of 
means, material, or personnel ^ for advancing 
science, except at the expense of volunteers, or of 
securing that volunteers should be found to con- 
tinue such little wort as could then be carried 
on.” 

There were, however, even then, signs that the 
bread cast upon the waters was slowly returning 
after many days. The establishment of the 
Cavendish Laboratory at Cambridge, by the muni- 
ficence of its then Chancellor, was a notable 
achievement Whilst in its constitution as part 
of a university discipline it did not wholly realize 
the ideal of the two Presidents, under its succes- 
sive directors. Prof. Clerk-Maxwell, the late Lord 
Rayleigh, and Sir J. J. Thomson, it has exerted 
a profound influence upon the development of 
experimental physics, and has inspired the 
foundation of many similar educational institu- 
tions in this country. Experimental physics has 
thus received an enormous impetus during the 
last fifty years, and although in matters of science 
there is but little folding of the hands to sleep, 
“the divine discontent” of its fol louvers has little 
cause for disquietude as regards the position of 
physics in this country. 

In the establishment of the National Physical 
Laborator>‘ we have an approa^ to the ideal 
\rhich my predecessors had so^Warnestly advo- 
cated Other Presidents, among whom I would 
specially name the late Sir Douglas Galton, have 
contributed to this consummation. The result is 
a remarkable testimony to the value of organised 
and continuous effort on the part of the British 
Association in forming public opinion and in in- 
fluencing Departmental action. It would, how- 
ever, be ungrateful not to recall the action of the 
late Lofd Salisbury — ^himself a follower of science 
and m full sympathy with its objects — in taking 
the first practical steps towards the creation of 
this magnificent national institution. I may be 
allowed, perhaps, to refer to this matter, as I 
have personal knowledge of the circumstances, 
being one of the few survivors of the Committee 
which Lord Salisbury caused to be formed, under 
the chairmanship of the late Lord Rayleigh, to 
enqmre and^ report upon the expediency of estab- 
lishing an institution in Great Britain upon the 
m<^el of certain State-aided institutions already 
existing on the Continent, for the determination 
of physical constants of importance in the arts, 
for investigations in physical problems bearing 
upon industry, for the standardisation and verifi- 
cation of physical instruments, and for the general 
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i:^urposes of metrology. I do not profess to give 
the exact terms of the reference to the Committee, 
but, in substance, these were recognised to be the 
general aims of the contemplated institute. The 
evidence we received from "many men of science, 
from Departmental officers, and from representa- 
tives of engineering and other industrial estab- 
lishments was absolutely unanimous as to the 
great public utility of the projected laboratoiy\ 
It need hardly be said that the opportunity called 
forth all the energy and power of advocacv of 
Lord Kelvin, and I well remember with what 
strength of conviction he impressed his views 
upon the Committee. That the National Physical 
Laboratory has, under the ability, organising 
pow’er, and business capacity of its first director, 
Sir Richard Glazebrook, abundantly justified its 
creation is recognised on all hands. Its services 
during the four years of war alone are sufficient 
proof of Its national value. It has grown to be 
a large and rapidly increasing establishment, 
occupying itself with an extraordinary range of 
subjects, with a numerous and well-qualified staff, 
engaged in determinative and research work on 
practically every branch of pure and applied 
physics. The range of its activities has been 
further increased by the establishment since the 
w’ar of co-ordinating research boards for physics, 
chemistry^, engineering, and radio-research. 
Government Departments have learned to appre- 
ciate its services. The photometry division, for 
example, has been busy on experiments on naviga- 
tion lamps for the Board of Trade, on miners’ 
lamps for the Home Office, and on motorcar head- 
lamps for the Ministry of Transport, and on the 
lighting of the National Gallery and the Houses 
of Parliament. Important w'ork has been done on 
the forms of ships, on . the steering and 
mancevring of ships, on the effect of waves on 
ship resistance, on the interaction between passing 
ships, on seaplane floats, and on the hulls of 
flying-boats. 

It is also actively engaged in the study of prob- 
lems connected with aviation, and has a well 
ordered department for aerodynamical reseaVch. 

It can already point to a long and val- 
uable series of published researches, which are 
acknowledged to be among the most important 
contributions to pure and applied physics which 
this country has made during recent years. 

I may he pardoned, I hope, for another personal 
reference, if I recall that it was at the Edinburgh 
meeting, under Lord Kelvin’s presidency, fifty 
years that I first became a member of this 
Assocition, and had the honour of serving it as 
one of the secretaries of its chemical section. 
Fifty years is a considerable span in the life of an 
individual, but it is a relatively short period in 
the history of science, Neverless, those fifty 
years are richer in scientific achievement and in 
the importance and magnitude of the utilitarian 
applications of practically every branch of science 
than any preceding similar mterval. The mmt 
cursory comparison of the state of science, as 
revealed in his comprehensive address, with the 
present condition of those departments on which 
he chiefly dwelt, will suffice to show that the 
development has been such that even Lord 
Kelvin’s penetrative genius, vivid imagination, 
and sanguine temperament could hardly have 
anticipated- No previous half-century id the 


I history of science has witnessed such momentoui 
and far-reaching achievements. In pure chemis 
try It has seen the discovery of argon by Rayleigh 
of radium by Madame Curie, of helium as a ter- 
restrial element by Ramsay, of neon, xenon, and 
; krypton by Ramsay and Travers, the production oi 
■ helium from radium by Ramsay and Soddy, and 
I the isolation of fluorine by Moissan. These are 
I undoubtedly great discoveries, but their value is 
I enormously enhanced by the theoretical and 
( practical consequences which flow from them. 

' In applied chemistry it has witnessed the 
' general application of the Gilchrist-Thomas 
1 process of iron-purification, the production of 
calcium cyanamide by the process of Frank and 
Caro, Sabatier’s process of hydrogenation, a wide- 
spread application of liquefied gases, and Haber’s 
wurk on ammonia synthesis — all manufacturing 
processes which have practically revolutionized 
the industries with which they are concerned. 

In pure physics it has seen the rise of the 
electron theory, by Lorentz; Hertz’s disco-very of 
electro-magnetic waves ; the mvestigation of 
cathode ra>s by Lenard, and the elucidation of 
crystal structure by Bragg. 

It has seen, moreover, the invention of the tele- 
phone, the establishment of incandescent lightmg, 
the electric transmission of force, the invention of 
the cinematograph, of wireless telegraphy, the 
aplication of the Rontgen rays, and the photo- 
graphic reproduction of colour. 

In physical chemistry, it has witnessed the 
creation of stereo-chemistry by Van t’Hoff and 
Le Bel, Gibbs’ work on the phase rule. Van 
t’KolPs theory of solutions, Arrhenius’s theory 
of ionic dissociation, and Nernst’s theory of the 
galvanic cell. 

Such a list is far from complete, and might be 
greatly extended. But it will at least serve to 
indicate the measure of progress which the world 
ow’es to the development and application during 
the last fifty years of the two sciences — ^physics 
and chemistry — which Lord Kelvin specially 
I referred. 

’ The more rapid dissemination of information 
i concerning the results of recent or contemporary 
investigation, which Lord Kelvin so strongly 
urged as ‘an object to which the powerful action of 
the British Association would be thoroughly 
appropriate,’ has been happily accomplished. 
The timely aid of the Association in contributing 
to the initial expense of preparing apd piffilishing 
monthly abstracts of foreign chemical literature 
by the Chemical Society is gratefully remembered 
by British chemists. The example has been 
followed by the greater number of our scientific 
and technical societies, and the results of contem- 
porary inquiry in every important branch of pure 
and applied science are now quickly brought to 
the knowledge of ail interested workers. In 
fact, as regards the particular branch of science 
with which I am more directly concerned, the 
arrangements for the preparation and dissemin- 
tion of abstracts of contemporary foreign chemical 
literature are proving to be a veritable embarrass^ 
ment of riches, and there is much need for co- 
operation among the various distriburing, societies. 
This need is especially urgent at the, present time 
owing to the gmatlt increased cost of paper, 
printing, Inndia^, and indeed of every item con- 
nected with which expense,, of cx>urs|e. 
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ultimately falls upon the various societies and 
their members. The problem, which has already 
received some attention from those entrusted with 
the management of the societies referred to, is not 
without its^ difficultieSjbut these are not insoluble. 
There is little doubt that a resolute and unani- 
mous effort to find a solution would meet with 
success. 

The present high cost of book production, which 
in the case of specialised books is about three 
times what it was in 1914, is exercising a most 
prejudicial effect upon the spread of scientific 
knowledge. Books on science are not generally 
among the ‘best sellers.’ They appeal to a com- 
paratively limited and not particularly wealthy 
public, largely composed of the professional 
classes who have suffered in no small measure 
from the economic effects of the war. The 
present high price of this class of literature is to 
the public detriment. Eventually it is no less to 
the detriment of the printing and publishing 
trades. Publishers are well awaie of this fact, 
and attempts are being made by discu&sions 
between employers and the executives of the 
Typographical Association and other societies of 
compositors to reach an equitable solution, and 
it is greatly to be hoped that it will be speedily 
found. 

All thinking men are agreed that science is at 
the basis of national progress. Science can only 
develop by research." Research is the mother of 
discovery, and discovery of invention. The indus- 
trial position of a nation, its manufactures and 
commerce, and ultimately its wealth, depend upon 
invention. Its welfare and stability largely rest 
upon the equitable distribution of its wealth. All 
this seems so obvious, and has been so frequently 
and so convincingly stated, that it is superfluous 
to dwell upon it in a scientific gathering to-day. 

A late distnguished Admiral, you may remem- 
ber, insisted on the value of reiteration. On this 
particular question it xvas never more needed than 
now. The crisis through which we have recently 
passed requires it in the interest of national wel- 
fare. Of all post-war problems to engage our 
serious attention, none is more important in 
regard to our position and continued existence 
than the nation’s attitude towards science and 
scientific research, and there is no more opportune 
time than the present in which to seek to enforce 
the teaching of one of the most pregnant lessons 
of our late experience. 

It is, unfortunately, only too true that the indus- 
trial world as in the past underrated the value of 
research. One indication that the nation is at 
length aroused to its importance is to be seen in 
the establishment of the Department of Scientific 
and Industrial Research, with its many subordin- 
ate associatmns. The outbreak of the Great War, 
and much in its subsequent histoiy% revealed, as 
we all know, many national shortcomings, due to 
our indifference to and actual neglect of many 
things which are at the root of our prospentv and 
serurit\ During the War, and at its close 
various attempts, more or less unconnected, were 
made to find a remedy. Of the several committees 
and boards which were set up, those which still 
exist have now been co-ordinated, and brought 
^der the control of a central organization — the 
Department of Scientific and Industrial Research. 
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Research has now become a national and State- 
aided object. For the first tinae in 
its pursuit with us has been organized by 
ment action. As thus organized, it seeks to fulfil 
the aspirations to which I have referred, ryhiist 
meeting many of the objections which have been 
urged against the e ^p wment of research. It 
must be recognised fiaat modern ideas of democ- 
racy are adverse to the creation of places to which 
definite work is not assigned and from which 
definte results do not emanate This objection, 
which strikes at the root of the establishment of 
such an institution as Sir David Brewster con- 
templated, is, to a large extent, obviated by the 
scheme of the Department of Scientific an^ indus- 
trial Research. It does not prescribe or fetter 
research, but, whilst aiding by personal payments 
the individual worker, leaves him free to pursue 
his enquiry as he thinks best. Grants are made, 
on the recommendation of an Advisory Council of 
experts, to research workers in educational insti- 
tutions and elsewhere in order to promote research 
of high character on fundamental problems of 
pure science or in suitable cases on problems of 
applied science. Of the boards and committees 
and similar organizations established prior to or 
during the War, or subsequent to it, wuth one or 
two exceptions, all are now* directly under the 
Department. They deal w*ith a wide range of 
subjects, such as the Building Research Board, 
established early m 1920 to organize and supervise 
investigations on building materials and con- 
struction, to study structural failures, and to fix 
standards for structural materials. The Food 
Investigation Board deals w'ith the preservation b\ 
cold of food, and wdth the engineering problems 
i of cold storage, wdth the chemistr>' of putrefaction, 
and the agents which induce it, with the bionomics 
of moulds, and the chemistry of edible oils and 
fats. The Fuel Research Board is concerned with 
the immediate importance of fuel economy and 
with investigations of the questions of oil-fuel for 
the Navy and Mercantle Marine, the survey of 
the national coal resources, domestic heating, air 
polution, pulverised fuel, utilization of peat, the 
search foi possible substitutes for natural fuel oil, 
and for practicable sources of power alcohol. 

The Geological Survey Board h^ taken over 
the Geological Survey of Great Britain and the 
control of the Museum of Practical Geology. 
The Maintenance of the National Physical 
Laboratory, originally controlled by a General 
Board and an Executive Committee appointed by 
the President and Council of the Royal Society, 
is now transferred to the Department of Scientific 
and Industrial Research. A Mines Research 
Committee and a Mine Rescue Apparatus Com- 
mittee are attached to the Department. The 
former is concerned with such questions as the 
determination of the geothermic gradient, the 
influence of temperature of intake and return air 
on strata, the effect of seasonal changes on strata 
temperature of intakes, the cooling effect due to 
the evolution of fire-damp, heat production from 
the ox^ation of timber, etc. The Department is 
also directing enquiries on the preservation and 
restoration of antique obiects deposited in the 
British Museum, It is concerned w*ith the 
gauging of rivers and tidal currents, with special 
reference to a hydrographical survey of Great 
Britain in relation to the national resources of 
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water-power. In accordance with the Govern- 
ment policy, four co-ordinating boards have been 
established to organize scientific work in connec- 
tion with the fighting forces, so as to avoid 
unnecessary overlapping and to provide a single 
direction and financial control. The four boards 
deal, respectively, with chemical and physical 
problems, problems of ladio-research, and engin- 
eering. These boards have attached to them 
various committees dealing with special enquiries, 
some of which will be carried out at the National 
Physical Laboratory. The Government have also 
authorized the establishment of a Forest Products 
Research Board. 

The Department is further empowered to assist 
learned or scientific societies and institutions in 
cariydng out investigations. Some of these were 
initiated prior to the War, and were likely to be 
abandoned owing to lack of funds. Whenever 
the investigation has a direct bearing upon a 
particular industry that had not hitherto been able 
to establish a Research Association, it had been a 
condition of a grant that the institution directing 
the research sliould obtain contributions towards 
the cost on a ;£ for £ basis, either directly through 
its corporate ftmds or by special subscriptions 
from interested firms. On the formation of the 
appropriate association the research is, under suit- 
able safeguards, transfeired to it for continuance. 
The formation of a number of Research Assoc- 
iations has been stimulated, dealing, for example, 
with scientific instruments, non-ferrous metals, 
glass, silk, refractories, electrical and allied 
industries, pottery, etc. 

Grants are made to Research Associations 
formed voluntarily by manufacturers for the pur- 
poses of research, from a fund of a million 
sterling, placed at the disposal of the Research 
Department for this purpose. Such Associations, 
to be eh^ble for the grant, must submit Articles 
of Association for the approval of the Depart- 
ment and the Board of Trade. If these are 
approved, licences are issued by the Board of 
Trade recognizing the Associations as limited 
liability- companies working without profits. 
Subscriptions paid to an Association by contrib- 
uting firms are recognized by the Board of Inland 
Revenue as business costs of the firms, and are not 
subject to income or excess profits taxes. The 
income of the Association is similarly free of in- 
come tax. Grants are ordinarily made to these 
Associations on che basis of £i for every £i 
raised by the Association between limits depen- 
ding upon the particular industry concerned. In 
the case of two Research Acssociations grants are 
made at a higher rate than £ for £, as these 
industries are regarded as having a special claim 
to State assistance on account of their ‘pivotal 
character. The results of lesearch are the sole 
property of the Association makng them, subject 
to certain rights of veto possessed by the Depart- 
ment for the purposes of ensuring that they are 
not communicated to foreign countries, except 
with the consent of the Departu^ent, and that they 
may be made available to other interested indus- 
tries and to the Government itself on suitable 
terms. 

These arrangements have been found to be gen- 
erally satisf actory, and at the present time 
twenty-four of such Research Associations have 
been formed to whom licences have been issued 


by the Board of Trade, Others are in process of 
formation, and may be expected to be at work at 
an early date. These Research Associations are 
concerned with nearly all cur leading industries. 
The official addresses of most of them are in 
London; others have their headquarters in Man- 
chester, Leeds, Sheffield, Northampton, Coventry, 
Glasgow, and Belfast. 

The Department has further established a 
Records Bureau, which is responsible for receiv- 
ing, abstracting, filing and collating commun 
ications from research workers, boards, institu- 
tions, or associations related to or supervised by 
the Department. This information is regarded as 
confidential, and will not t>e communicated except 
in writing, and after consultation with the 
research worker or organization from which it has 
been received. Also such non-confidential infor- 
mation as comes into the possession of the Depart- 
ment which is of evident or probable value to 
those working in touch with the Department 
is collected and filed in the Bureau and made 
generally available. 

It is also a function of the Bureau to effect 
ecomomy in preventing repetition and overlapping 
of investigations and in ensuring that the fullest 
possible use is made of the results of research. 
Thus, the programmes of Research Associations 
are compared in order to ensure that researches 
are not unwittingly duplicated by different 
Research Associations. Sometimes two or more 
Research Associations may be interested in one 
problem from different points of view, and when 
this occurs it may be possible for the Bureau to 
arrange a concerted attack upon the common 
problem, each Research Association undertaking 
that phase of the work in which it is specially 
interested and sharing in the general results. 

As researches carried out under the Department 
frequently produce results for which it is possible 
to take out patents, careful consideration has been 
given to the problems of policy arising on this 
subject, and other Government Departments also 
interested have been freely consulted. As the 
result, an Inter-Departmental Committee has been 
established with the following terms of reference : 

(1) To consider the methods of dealing with 
inventions made by workers aided or main- 
tained from public funds, whether such wor- 
kers be engaged {a) as research workers, or 
{^) in some other technical capacity, so as to' 
give a fair reward to the inventor and thus 
encourage further effort, to secure tibe utiliza- 
tion in industry of suitable inventkms and to 
protect the national interest, and 

(2) To outline a course of procedure in respect 
of inventions arising out of State-aided oi 
supported work which shall further these ainn^ 
and be suitable for adoption by all Govern- 
ment Departments concerned. 

About forty patents have been taken out bv the 
Department jointly with the inventors and other 
interested bodies, but of these, nine have sub- 
sequdhtly been abandoned. At least five patents 
have been developed to such a stage as to be ready 
for immediate industrial application. 

It will be obvious jFrom this short suuwaiT of 
the activities of the Department, hfsed upon 
information kindly supplied to me & Francis 
Ogilvie, that this great scheme of State-aided 
r^^arch has been conceived and is administered 
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on broad and liberal lines. A considerable 
number of valuable reports from its various 
boards and committees have already been pub- 
lished, and others are in the press, but it is, of 
course, much too soon to appreciative full effects 
of their operations. But it can hardly be doubted 
that they are bound to exercise a profound in- 
fluence upon industries which ultimately depend 
upon discovery and invention. The establishment 
of the Department marks an epoch in our history. 
No such comprehensive organization for the appli- 
cation of science to national needs has ever been 
created by any other State. We may say we owe 
it directly to the Great War. Even from the evil 
of that great catastrope there is some soul of good- 
ness would we observingly distil it out. 

I turn now to a question of scientific interest 
which is attracting general attention at the present 
time. It is directly connected with Lord Kelvin's 
address fifty years ago. 

The molecular theory* of matter — a theory which 
in its crudest form has descended to us from the 
earliest times and which has been elaborated by 
various speculative thinkers through the inter- 
vening ages, hardly rested upon an experimental 
basis until within the memory’ of men still living. 
When Lord Kelvin spoke in 1871, the best-estab- 
lished development of the molecular hypothesis 
was exhibited in the kinetic theory of gases as 
worked out by Joule, Clausius, and Clerk-Maxwell. 
As he then said, no such comprehensive molecular 
theory had ever been imagined before the nine- 
teenth century. But, with the eye of faith, he 
clearly perceived that, definite and complete in its 
area as it was, it was ^ut a well-drawn part of a 
great chart, in which all physical science will be 
represented with every property of matter shown 
in dynamical relation to the whole. The prospect 
we now have of an early completion of this chart 
is based on the assumption of^ atoms. But there 
can be no permanent satisfaction to the mind in 
e^^iaining heat, light, elasticity, diffusion, elec- 
tricity, and magnetism, in gases, liquids and 
solids, and describing precisely the relations of 
these different states of matter to one anotheV by 
statistics of great numbers of atoms when the 
properties of the atom itself are simply assumed. 
When the theon’, of which we have the first in- 
stalment in Clausius and Maxw’elPs work, is com- 
plete, we are but brought face to face with a 
superlatively grand question : What is the inner | 
mechanism of the atom 

If the properties and affections of matter are 
dependent upon the inner mechanism of the atom, 
an atomic theory, to be valid, must comprehend 
and explain them all. There cannot be one kind 
of atom for the physicist and another for the 
chemist- The nature of chemical affinity and 
of valency, the modes of their action, the differ- 
ence in characteristics of the chemical elements, 
even their number, internal constitution, periodic 
position, and possible isotopic rearrangements 
must be accounted for and explained by it. Fift\" 
years ago, chemists, for the most part, rested in 
the comfortable belief of the existence of atoms 
in the restricted sense in which Dalton, as a 
legacy from Newton, had imagined them. Lord 
Kelvin, unlike the chemists, had never been in the 
habit of ^evading questions as to the hardness or 
indivisibility of atoms by virtually assuming them 
to be infinitely small and infinitely numerous ' 
Hoc, on the other hand, did be realize, with 


Boscovich, the atom ‘as a mystic point endowed 
with inertia and the attribute of attracting or 
repelling other such centres.' Science advances 
not so much by fundamental alterations in its 
beliefs as by additions to them. Dalton would 
equally have regarded he atom ‘as a piece of 
matter of measureable dimensions, with shape, 
motion, and laws of action, intelligible subjects 
of scientific investigation.’ 

In spite of the fact that the atomic theory, as 
formulated by Dalton, has been generally accep- 
ted for nearly a century, it is only within the last 
few’ years that physicists have arrived at a concep- 
ion of the structure of the atom sufficiently precise 
to be of service to chemists in connection with the 
relation between the properties of elements of 
different kinds, and in throwing light on the 
mechanism of chemical combination. 

This further investigation of the ‘superlatively 
grand question — the inner mechanism of the atom' 
— has profundly modified the basic conceptions of 
chemistry". It has led to a great extension of our 
views concerning the real nature of the chemical 
elements. The discover\^ of the electron, the pro- 
duction of helium in the radioactive disintegration 
of atoms, the recognition of the existence 
of isotopes, the possibility that all ele- 
mentarx’ atoms are composed either of 
helium atoms or of atoms of hydrogen 
and helium, and that these atoms, in 
their turn, are built up of two constituents, one 
of which is the electron, a particle of negative 
electricity whose mass is only 1/1800 of that of an 
atom of hydrogen, and the other a particle of 
positive electricity^ whose mass is practically 
identical with that of the same atom — ^the outcome 
in short, of the collective work of Soddy, 
Rutherford, J. J. Thomson, Collie, Moseley and 
others — are pregnant facts which have com- 
pletely altered the fundamental aspects of the 
science. Chemical philosophy has, m fact, now 
definitely entered on a new phrase. 

Looking back over the past, some indications 
of the coming change nought have been perceived 
wholly unconnected, of course, with the recent 
experimental work which has served to ratify it. 
In a short paper entitled “Speculative Ideas res- 
pecting the Constitution of Matter,” originally 
published in 1863,, Graham conceived that the 
various kinds of matter, now recognised as 
different elementary substances, may possess one 
and ^ the same ultimate ^ or atomic mbleeule 
existing in different conditions of tibe mcJyement. 
This idea, in its essence, may be said to be as old 
as the time of Leucippus. To Graham as to 
Leucippus “the action ol the atom as one substance 
taking various forms by combinations unlimited, 
was enough to account for all the phenomena of 
the world. By separtion and union with constant 
motion all things could be done.” But Graham 
developed the conception by independent thought, 
and in the light of experimentally ascertained 
knowledge which the world owes to his labours. 
He might have been cognisant of the speculations 
of the Greeks, but that is no evidence that he was 
knowingly infiuenced by them. In his paper 
Graham uses the terms atom and molecule if not 
exactly in the same sense that modem teaching 
demmds, yet very different from that hitherto 
required by the limitations of contemporary chem- 
ical doctrine. He conceives of a lower order of 
atoms than the chemical atom of Dalton, and 
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founds on his conception an explantion 
of chemical combination based upon a 
fixed combining measure, which be terms metron 
its relative weight being one of hydrogen, sixteen 
for oxygen, and so on with the so-called 
‘^elements.” Graham, in fact, like Davy before 
him, never committed himself to a belief in the 
indivisibility of the Daltonian atom. The origin- 
original atom may, he thought, be far down. 

The idea of a primordial yl^, or of the essential 
unity of matter, nas persisted throughout the 
ages, and, in spite of much experimental work 
some of it of the highest order, which w^as thought 
to have demolished it, it has survived, revivified 
and supported by analogies and arguments drawn 
from every field of natural inquiry. This idea of 
course was at the basis of the hypothesis of Prout, 
but which, even as modified by Dumas, was held 
to be refuted by the momumental work of Stas, 
But, as pointed out by Marignac and Dumas, 
anyone who will impartially look at these facts 
can hardly escape the feeling that there must be 
some reason for the frequnt recurrence of atomic 
weights differing by so little from the numbers 
required by the law which the work of Stas was 
supposed to disprove. The more exact study 
within recent years of the methods of determining 
atomic w^eights, the great improvement in experi- 
mental appliances and technique, combined with a 
more rigorous standard of accuracy denotanded by 
a general recognition of the far-reaching imj^r- 
tance of an exact knowledge of these physical 
constants, has resulted in intensifying the belief 
that some natural law must at the basis of the ^ 
fact that so many of the most carefully determined 
atomic weights on the oxygen standard are whole 
numbers. Nevertheless Acre were well authen- 
ticated exceptions which seemed to invalidate its 
universality. The proved fact that a so-called 
element may be a mixture of isotopes — substances 
of the same chemical attributes but of varying 
atomic weight — has thrown new light on the 
question. It is now recognised that the fractional 
values independently established in the case of 
any one element b3- the most accurate experi- 
mental work of the various investigators are, in 
effect, ‘^statistical quantities” dependent upon a 
mixture of isotopes. This result, indeed, is a 
necessary corollary of modem conceptions of the 
inner mechanism of the atom. The theory that all 
elementary atoms are composed of helium atoms, 
or of helium and hydrogen atoms, may be 
regarded as an extension of Prout’s hypothesis, 
\vith, however, this im^rtant distinction, that 
whereas Prouf s hypothesis was at best a surmise, 
with little, and that little only weak, experimental 
evidence to support it, the new theory 
is directly deduced from well-established 
facts. The hydrogen isotope Hg, first 
detected by J. J. Thomson, of which the 
existence has been comfirmed by Aston, would 
seem to be an integral p^t of atomic structure. 
Rutherford, by the disruption of oxygen and niiio- 
gen has also isolated a substance of mass s which 
enters into the structure of atomic nuclei, but the 
virhich he regards as an isotope of helium, which 
itself is built up of four hydrogen nuclei together 
with two cementing electrons. The atmnic 
nuclei of elements of even atomic number would 
appear to be comi»sed of helium nuclei only, or 
of helium nuclei with cementing electrons; 
whereas those of elements of odd atomic number 


are made up of helium and hydrogen nuch 
together with cementing electrons. In the cas 
of the lighter elements of the latter class th 
number of hydrogen nuclei associated with th 
helium nuclei is invariably three, except in tha 
of nitrogen where it is two. The frequent occui 
rence of this group of three hydrogen nude 
indicates that it is structurally an istope of hydro 
gen with an atomic weight of three and a nuclea 
charge of one. It is surmised that it is identica 
with the hypothetical ‘nebulium’ from which ou 
‘elements' are held by astro-physicists to be origin 
ally produced in the stars through hydrogen an< 
helium. 

These results are of extraordinary’-^ interest ai 
bearing on the question of the essential unity o 
matter and the mode of genesis of the elements 
Members of the British Association may recal 
the suggestive address on this subject of the lat< 
Sir William Crookes, delivered to the Chemica 
Section at the Birmingham meeting of 1886, ii 
■ivhich he questioned whether there is absolute 
uniformity in the mas" of the atoms of a chemica 
element, as postulated by Dalton. He thought 
with Marignac and Schutzenberger, who had pre 
viously raised the same doubt, that it was no 
improbable that what we term an atomic weigh' 
merely represents a mean value around which the 
actual weights of the atoms vary within narrov 
limits, or, in other words, that the mean mass i{ 
“a statistical constant of great stability”. N< 
valid experimental evidence in support of this 
surmise was or could be offered at the time it was 
uttered. Maxwell pointed out that the phenomeni 
of gaseous diffusion, as then ascertained, wouk 
seem to negative the supposition. If hydrogen 
for example, were composed of atoms of varying 
mass, it should be possible to separate the lighte, 
from the heavier atoms by diffusion through i 
porous septum. ‘As no chemist' said Maxwell 
‘has yet obtained specimens of hydrogen differini 
in this way from other specimens, we conclude tha 
all the molecules of hydrogen are of sensibly thi 
same mass, and not merely that their mean masj 
is a statistical constant of great stability.' {Clerk 
Maxwell, Art- ‘Atom' Ency. Brit, qth Ed.) Bu 
against this it may be doubted whether an^ 
chemist had ever made experiments sufficienth 
precise to solve this point. 

The work of Sir Norman Lockyer on the spec 
troscopic evidence for the dissociation of ‘ele 
mentary' matter at transcendental temperatures 
and the possible synthetic intro-stellar productioi 
of elements, through the helium of which fee orig 
inally* detected the existence, will also find its du« 
place in the histojy of this new philosophy. 

Sir J. J. Thomsoir was the first to afford direc 
evidence that the atoms of an element, if no 
exactly of the same mass, were at least approxi 
mately so, by his method of analysis of positiv 
rays. By an extensmn of this method Mr. F. W 
Aston has succeeded in showing that a number o 
elements are in reality mixtures of isotope I 
, has been proved, for ^mnple, that neon, whic 
has a mean atomic, weight of about consisi 
of two isotopes having the atomic res 

pectively of 20 and aa, mixed in the proportio 
of go per cent of the former with 10 cent c 
the latter. By fractional diffumoi^; 
porous septum an apparent of densit 

of ay per cent between the lightest and hekvies 
fractions was obtained. The kind of experimei 



140 


British Association — Irurngural Address 


rCHEjilCAL, Ne-ws 
L Sept. 9, Xgfzi 


which Maxwell imagined proved the invariability 
of the hydrogen atom has sufficed to show the 
converse in the case of neon. 

The element chlorine has had its atomic weight 
repeatedly determined, and^ for special reasons, 
with the highest attainable accuracy. On the oxy- 
gen standard it is 35.46, and this value is accurate 
to the second decimal place. Ail attempts to 
prove that it is a whole number — ^35 or 36~have 
failed. When, however, the gas is analysed by 
the same method as that used m the case of neon 
it is found to consist of at least two istopes of 
relative mass 35 and 37 There is no evidence 
whatever of an individual substance having the 
atomic weight 35.46. Hence chlorine is to be 
regarded as a complex element consisting of two 
principal isotopes of atomic weights 35 and 37 
present in such proportion as to afford the mean 
mass 35.46. The atomic weight of chlorine has 
been so frequently determined by various obser- 
vers and by various methods with practically 
identical results that it seems difficult to believe 
that it consists of isotopes present in definite and 
invariable proportion. Mr Aston meets this ' 
objection by pointing out that all the accurate 
determinations have been made with chlorine 
derived originally from the same source, the sea, 
which has been perfectly mixed for aeons. If 
samples of the element could be obtained from 
some other source it is possible that other values 
of atomic weight would be obtained, exactly as in 
the case of lead in which the existence of istopes 
in the metal found in various radioactive minerals 
was first conclusively established. 

Argon, which has an atomic weight of 39.88, 
was found to consist mainly of an isotope having 
an atomic weight of 40, associated to the extent 
of about 3 per cent., with an isotope of atomic 
weight 36. Krypton and xenon are far more 
complex. The former would appear to consist of 
six isotopes, 78, 80, "82, 83, 84, 86; the latter of 
five isotopes, 129, 13 1, 132, 134, 136. 

Flourine is a simple element of atomic weight 
19. Bromine consists of equal quantities of two 
istopes, 79 and 81. Iodine, on the contrary, would 
appear to be a simple element of atomic weight 
127. The case of tellurium is of special interest 
in view of its periodic relation to iodine, but the 
results^ of its examination up to the present are 
indefinite. 

Borcm and silicon are complex elements, each con- 
sisting of two isotopes, 10 and ii, and 28 and 29, 
respectively. 

Sulphur, phorphorous, and arsenic are appar- 
ently simple elements. Their accepted -atomic 
weights are practically integers. 

All this work is so recent that there has been 
little opportunity, as yet, of extending it to any 
considerable number of the metallic elements. 
These, as will be obvious from the nature of the 
methods employed, present special difficulties. It 
is, however, highly probable that mercury is a 
mixed element consisting of many isotopes. 
These have been partially separated by Bronsted 
and Hervesy by fractional distillation at very low 
pressures, and have been shown to vary very 
slightly in density. Lithium is found to consist of 
two isotopes, 6 and 7. Sodium is simple, potass- 
ium and rubidium are complex, each of the two 
latter elements consisting, apparently, of two 
isotopes. The accepted atomic weight of caesium, 


132.81, would indicate complexity, but the mass 
spectrum shows only one line at 133. 
Should this be confirmed caesium would afford an 
excellent test case. The accepted value for the 
atomic weight is sufficiently far removed from a 
whole number to lender further investigation 
desirable. 

This imperfect summary of Mr. Aston’s work is 
mainly based upon the account he recently gave 
to the Chemical Society. At the close of his lec- 
ture he pointed out the significance of the results 
in relation to the Periodic Laiv. It is clear that 
the order of the chemical or ‘mean’ atomic 
weights in the Periodic table has no practical signi- 
ficance ; anomalous cases such as argon and 
potassium are simply due to the relative propor- 
tions of their heavier and lighter isotopes. This 
does not necessarily invalidate or even weaken the 
Periodic Law which still remains the expression 
of a great natural truth. That the expression as 
Mendel6eff left it is imperfect has long been 
recognised. The new light we have now gained 
has gone far to clear up much that was anomalous, 
especially Moseley’s discovery that the real 
sequence is the atomic number, not the atomic 
weight. This is one more illustration of the fact 
I that science advances by additions to its beliefs 
rather than by fundamental or revolutionary 
changes in them. 

The bearing of the electronic theory" of matter, 
too, on Prout’s discarded hypothesis that the atoms 
of all elements were themselves built up of a 
primordial atom — ^his frctyle which he regarded 
as probably identical with hydrogen — ^is too 
obvious to need pointing out. In a sense Prout’s 
hypothesis may be said to be now re-established, 
but with this essential modification — the primor- 
dial atoms he imagined are complex and are of 
two kinds — atoms of the positive and negative 
electricty — respectively known as protons and 
electrons. These, in Mr. Aston’s words, are the 
standard bricks that Nature employs in her oper- 
ations of element building. 

The true value of any theory consists in its 
comprehensiveness and sufficiency. As applied 
to chemistr>% this theory of 'the inner mechanism 
of the atom’ must explain all its phenomena. We 
owe to Sir J. J. Thomson its extension to the 
explantion of the Periodic Law, the atomic num- 
ber of an elen^nt, and of that varying power of 
chemical combination in an element we term 
valency. This explanation I give substantially 
in his own words. The number of electrons in an 
atom of the different elements has now been deter- 
mined, and has been found to be 

equal to the atomic number of the ele- 
ment, that is to the position which the element 
occupies in the series when the elements are 
arranged in the order of their atomic weights. We 
know now the nature and quantity of the materials 
of which the atoms are made up. The properties 
of the atom will depend not only upon these fac- 
tors but also upon the way in which the electrons 
are arranged in the atom. This arrangement will 
depend on the forces between the electrons them- 
selves and also on those between the electrons and 
the positive charges or protons. One airangement 
which naturally suggested itself is that the posi- 
tive charges should be at the centre mth the nega- 
tive electrons around it on the surface -Of a sphere. 
Mathematical investigations shows that this is a 
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possible arrangement if the electrons on the sphere 
are not too crowded. The mutual repulsion of the 
electrons resents overcrowding, and Sir J. J. 
Thomson has shown that when there are more 
than a certain number of electrons on the sphere, 
the attraction of a positive charge, limited as in 
the case of the atom in magnitude to the sum of 
the charges on the electrons,'" is not able to keep 
the electrons in stable equilibrium on the sphere, 
the layer of electrons explodes and a new arrange- 
ment is formed. The number of electrons which 
can be accommodated on the outer layer will 
depend upon the law of force between the positive 
charge and the electrons. Sir J. J. Thomson has 
shown that this number will be eight wdth a laiv 
of force of a simple type. 

To show’ the bearing of this result as affording 
an explantion of the Periodic Law, let us, to begin 
with, take the case of the atom of lithium, which 
is supposed to have one electron m the outer 
layer. As each element has one more free elec- 
tron in its atom than its predecessor, glucmum, 
the element next in succession to lithium, will 
have two electrons in the outer layer of its atom, 
boron w’lil have three, carbon four, nitrogen five, 
oxygen six, fluorine seven and neon eight. As 
there cannot be more than eight electrons in the 
outer layer, the additional electron in the atom of 
the next element, sodium, cannot find room in the 
same layer as the other electrons, but will go out- 
side, and thus the atom of sodium, like that of 
lithium, will have one electron in its outer layer. 
The additional electron, in the atom of the next 
element, magnesium, will join this, and the atom 
of magnesium, like that of glucmum, will have 
two electrons in the outer layer. Again, alumin- 
ium, like boron, will have three; silicon, like 
carbon, four; phosphorous, like nitrogen, five; 
sulphur, like oxygen, six; chlorine, like flourine, 
seven; and argon, like neon, eight. The sequence 
will then begm again. Thus the number of elec- 
trons, one, tw’o, three, up to eight in the outer 
layer of the atom, wriil recur periodically as we 
proceed from one element to another in the order 
of their atomic weights, so that any property of an 
element which depends on the number of electrons 
in the outer layer of its atoms will also recur i 
periodically, which is precisely that remarkable ■ 
property of the elements which is expressed by the i 
Periodic Law of Mendeleefl, or the Law of 
Octaves of Newlands. 

(To be continaed). 


FURTHER NOTES ON ALUMINIUM. 

By E. RATTENBURY HODGES 

To my last notes on aluminium acetate {Chemical 
News, Oct. 8, 1920, p, 178), I would add the three 
following. 

I. Strong acetic acid combines with A! in pre- 
sence of hydrogen peroxide. At 58’ to 60° F., 
this reaction is completed in four or five days, 
How’ever, when A1 foil is exposed to acid of like 
strength, in a flask provided with an inverted re- 
ceiver and heated to boiling point for a few 
minutes, no chemical change is apparent. After 
leaving the whole undisturbed for 18 days, the 
foil was found intact. Removing the receiver, 
the contents of the flask were left exposed to the 
air for a week, then, on testing, a small amount 
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I of A 1 acetate was found. To the oiiginal acid 
and foil in the flask, a few drops of hydrogen 
peroxide were added. In about 30 hours, all the 
foil had entered into combination. It therefore 
seems fairly obvious that air or oxygen is essen- 
tial to the reaction, oxidation of the base 

must precede the production of the salt. 

2. In Thorpe’s Dictionary' it is stated that 
aluminium is vigorously attacked by bromine. I 
note, however, that wdth A 1 foil slightly warmed, 
this reaction occurs wdth brilliant incandescence, 
and evolution of a heavy grey vapour, which is 
evidently an anhydrous bromide, the solid residue 
being a dark brown granular deposit of anhydrous 
aluminium bromide. The latter soon deliquesces 
to a clear liquid, which after sloiv evaporation 
(in air) yielded a crop of fine colourless tabular 
crystals. Obviously, due precautions had to be 
taken during the first stages of this obsenration. 
Br- water slowly acted upon this foil, yielding* 
after a few hours, the normal A 1 bromide. A 
strong solution of tartaric acid leaves A 1 un- 
affected. The same is true of citric acid, but a 
cold saturated solution of oxalic acid reacted in 
the course of some weeks, and completely dis- 
solved the foil. On carefully evaporating the re- 
sulting oxalate solution, it was found that a por- 
tion of the compound formed an oily-looking film, 
jvhich, on further drying, assumed the colloid 
state. As the air was slightly humid, the film, 
after a few minutes exposure, proved to be hygro- 
scopic. A hot solution of .oxalic acid steadily 
acts, but slackens at 57® C., below^ 30° C. chemi- 
cal action proceeds feebly. 

3, I note a further property of Al; whereas 
the metal (in foil) is readily attacked by strong 
phosphoric acid, yielding the resultant phosphate, 
the concentrated acid fails to act upon tin, even 
after several weeks' exposure. Hence this reaction 
with aluminium serves ifiter alia to distinguish it 
from tin. The acticm, under certain conditions, 
of iodine on AI, is noteworthy, but this item must 
be reserved for a later communication. 


REGULATIONS FOR THE COMPETITIVE 
SELECTION OF CHEMISTS. 

Class IL — In the Government Laboratory. 

— Candidates must have attained the age of 
23 and must not exceed the age of 30 on a date to 
be fixed in respect of the competition in which 
they are to take part. A candidate born on the 
governing date would be admitted on the day he 
attained the age of 23, but not on the day on which 
he attained 30. 

Nationality. — K candidate must be a natural- 
bom British subject, and bom of a father also a 
natural-bora British subject; provided that excep- 
ton may made in the case of candidates serving in 
a civil situation to which they w’ere admitted with 
the certificate of the Civil Service Commissioners, 
and provided that exception may be made as to 
the father in the case of candidates who have 
served in His Majesty’s Armed Forces between 4th 
August, 1914, and iith November, 1918. 

MUtiary Sermct . — Until further order prefer- 
ence will be given to candidates who have served 
in His Majesty's Forces between 4th August, 1914, 
and nth Nov^ber, igiS, 
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PitbUciiy , — The Government Chemist will take 
i?uch steps as he thinks appropriate to make known 
the exiijtence of any vacancy or vacancies which 
he desires to fill on any one occasion, and the 
Civil Service Commissioners will satisfy them- 
selves that the steps taken have been such as to 
secure all desirable publicity 

Afflicaiion , — ^Application shall be made to the 
Government Chemist, who, after scrutiny of the 
candidates^ credentials, will submit the names of 
such candidates as appear to have the requiste 
qualifications for any of the existing or prospec- 
tive vacancies to the Civil Servce Commissoners, 
who, if dissatisfied with the number or quality of 
candidates for any vacancy, may require further 
search to be made for qualified candidates. 
Candidates must possess a degree or diploma of a 
standard not lower than a second class honours 
degree at a university, and must have had two 
\eais’ post-graduate exi>erience in chemical work. 
They should have a working knowledge of tech- 
nical French and German. 

Health and Character . — Candidates must 
satisfy the Civil Service Commissioners as to 
their health and character. Until further order, 
and other things being equal, preference will be 
given by the Selection Board to candidates who 
are debarred from active employment by a phy- 
sical impairment due to the war, and not of ^ 
nature to interfere with the discharge of the duties 
of the post 

Competition. Candidates who pass the scrutiny 
under Regulation 5 will be admitted to (a) an 
interview before a Selection Board, and {b)^ a 
written examination in English (the examination 
in English will include essay writing and precis 
writing). The Selection Board shall be nominated 
by the Commissioners in consultation with the 
authorities of the Department who shall be repres- 
ented upon it, and, if practicable, one of the 
Commissioners shall be the Chairman. The 
Selection Board will take into consideration the 
candidate’s record of expenence and education, 
any recommendations that they may receive from 
persons named by the candidate as having direct 
knowledge of his work in the past, the candidate’s 
scientific knowledge, and his personal qualities 
as show’D at the interview ; and on their estimation 
of all the above evidence they will frame their 
decisions, which wdll be final. The Selection 
Board wnll arrange the candidates in order of 
merit and the vacancies^ will be filled by the 
appointment of the candidates in order from the 
list, subject to their passing the examination and 
satisfying the Commissioners that they are eligible 
in all respects. 

Warning , — ^Any attempt on the part of a 
candidate to enlist support for his application 
through Members of Parliament or other influen- 
tial persons will disqualify him for appointment. 
The Selection Board will disregard spontaneous 
recommendations from persons who are not per- 
sonally acquainted with the candidate’s work, 
whether at school, at the university, in the forceSj 
or otherwise. 

Fee — A fee of £5 will be required from each 
candidate attending the competition. 

Salaiy,-~The scale of salaries is at present 
under amsideration by a Committee, and, pending 
their report, the commencing saiar\’ will be £225, 
with current Civil Service Bonus. 


Competitions under these regulations do not 
take place at fixed intervals, but are held from 
time to time on the occurrence of vacancies. No 
date has at present been fixed for any competition 
under these regulations, which are liable to alter- 
ation from time to time. 


NOTES. 


At the invitation of the General Manager of the 
Great Eastern Railway we have been able to make 
a practical test of their new route to Belgium and 
the Continent, via Harwich and Zeebrugge, For 
any hard-worked professional man with but little 
time to spare the route offers many inducemetits. 
The Railway Company has made arrangements by 
which it is possible to visit Zeebrugge, Bruges, 
Ghent, Brussels, Antwerp, and the battle area, 
easily and at a verj^ small expense. It is now 
possible to leave Liverpool Street Station in the 
evening and be bowled down to Harwich in a 
fast train, where a splendid boat waits to take you 
across to Zeebrugge. from whence a good service 
of trains makes it easy to travel to any part of 
Belgium. For ourselves we started at 8 p.m, on 
Monday, visited Zeebrugge, Bruges, Ghent, Ypres 
Roulers, Courtrai, Ostend, Blankenburghe, and 
thoroughly explored the historic Mole of 
Zeebrugge, recrossing comfortably on Thursday 
night, and w^ere back at the Office before g a.m. on 
Friday. Railway travelling is cheap in Belgium, 
atid with the exchange at 49 the charges seem 
lidicuiously small ; the officials are most obliging 
and the language presents no difficulty, as nearly 
ev€r>'one knows a little English. The Great 
Eastern Railway Company also run a special 
“Sunday in Belgium” trip, the train leaving 
London on Saturday night, giving a full day in 
Belgium and enabling one to be home by 8 a.m. on 
Monday. By this trip it is possible to go inland 
or to visit Ostend and any of the seaside towns 
easily as there is good electric train service right 
along the coast. For this trip no passport is 
necessarj^ and the return fare is only £2 10s. 
second class and £3 155. first We can recom- 
mend the Harwich-Zeebrugge service as affording 
an easy and economical relief from the worr>^ and 
pressure of London, and it at least enables one to 
contrast the unrest and unemployment agitation at 
home with the quiet industry and labour that is 
going on in that sorely abused little country across 
the water 

The Sir John Cass Technical Institute. 
The new session of the Sir John Cass Technical 
Institute, Aldgate, E.C.a, will commence on 
Monday, September 26th- Students will be 
enrolled during the previous week commencing 
Monday, September igth, between 7 and 9 p.m. 
The courses of instruction at the Institute are 
especially directed to the technical training of 
those engaged in chemical, metallurgical, and 
electrical industries and in the trades associated 
therewith. Full facilities are provided in the 
weli^quipped laboratories of the Institute for 
special investigations and research. The instruc- 
tion in experimental science also piovides 
systematic courses for the examinations of London 
University and of the Institutes of Physics and 
Chemistry . Special courses of higher technologi- 



Chemical News "j 
Sept Q igzi J 


Notes 


143 


cal instruction form a distinctive feature of the 
work of the Institute. For the forthcoming 
sessjion these include courses on the Fermentation 
Industries, Glass Technologv, Colloids, Metal- 
lography and P\rometn^5 Heat Treatment and 
Mechanical Testing of Metals and Alloys. An 
important development for the new session is the 
establishment of courses of instruction in Petro- 
leum Technology. These have been arranged in 
consultation with representatives of the chief oil 
companies and have been designed to meet the 
requirements ofthose engaged in or associated 
with the practical and scientific control of the 
petroleum industry^ In view of ihe fact that most 
of the chief oil companies have their offices and 
several have their laboratories in the immediate 
district, the Institute is vtxv favourably situated 
for this branch of instruction, which it is antici- 
pated will form a most valuable extension of the 
work of the Institute. The leading oil companies 
have very generously contributed towards the 
establishment of this department of petroleum 
technology. 

Is America leading British Industries ? — hi 
the current issue of the Indmirial League arid 
Council Journalj Mr. E. J. P. Benn, who has 
recently returned from America, gave his impres- 
sions of labour and industry^ in that country*. On 
the question of social legislation, he said : — 
‘Tmagine a humble student of social problems, 
searching through a distant land, endeavouring to 
find someone with whom he could discuss intelli- 
gently such elementary' matters as Old Age Pen- 
sions, Health Insurance, Unemployment Pay, or 
even Poor Law itself. Imagine a land with no 
million civilized persons without a political 
Labour Party, and with, so far as I am able to 
judge, no earthly chance of ever getting one. 
Imagine a land in which even the workers never 
heard the word ‘ca-canny’, and regard restriction 
of output as a mythical madness that does not 
really exist.” On the status of the w’orkers, he 
remarked : — Tt is frequently said that America is 
fifty years behind us in matters of social reform, 
and particularly in Labour organization. I had 
the advantage of three long talks with that 
veteran leader, Sam Gompers, and I put that 
point to him. Mr. Gompers was indignant, and 
claimed that so far from being fifty years behind 
us, the United States of America are 100 years 
ahead of us. He claims that the true test of 
success of a Labour movement is not to be found 
in the violence of its political programme; there 
is a more serious, a more effective test. Go to the 
homes of the people ; look at the social and econ- 
omic status of the ivokers. He paints with pride 
to the SIX million working-class homes which are 
either completely or partly owmed by their work- 
man occupants. He called my attention to the 12 
million automobiles among the no million 
people ; sufficient at a pinch to move the whole ^ 
population at one go. It is stated that there ate I 
no less than 15 million owners of shares, stock or 
some form of property amon^ the citizens of the 
United States. America, like the rest of the 
world, is having her revolution, but it is a 
very different revolution from any of* the 
many brands that we are familiar with in Europe, 
The revolution in America is taking the form of 
the transference of large blocks of industrial 


capital into the hands of the workers in indiistrv.’’ 
As a general comparison of America and Britain 
as regards Industiy and Commerce, lie said : ^Tn 
a word, the A\hofe force of public opinion in 
America is directed to teaching its people how to 
fusk. Our opinion on the contrar\' seems to be 
with teaching its people how to lean A general 
review of the activities ol ibe Whitley CoiinciL 
and reviews of industrial books makes up a very 
interesting magazine. 

Rainfall — The mean rainfall during May 
at 12 stations which have been selected as giving 
equal representation for all parts of the Thames 
Basin was i*6oin., being 0*33 of an inch below 
the average mean rainfall for that month during 
the previous 38 years. The average daily natural 
flow of the Thames at Teddington Weir during 
the month was 48i*g million gallons, being 653*8 
million gallons below the daily average for the 
38 preceding years. The maximum daily flow* 
was 753*1, and the minimum 260*3 million gallons. 

Apparatus for Manufacture of Ether and 
Stray Electric Currents. — The deterioration, 
often very considerable, of the leaden apparatus 
employed for the manufacture of crude ether is 
due, as we know, to the formation of electric cur- 
rents. These are produced, for example, in the 
case when the worm is made of hard lead w’hilst 
the still IS of soft lead. • It has, in fact, been 
noted that with a hard lea# cathode, a soft lead 
anode, and, as electrolyte, , a mixture of alcohol 
and sulphuric acid, such as that utilised for manu- 
facture of ether, an electric current is produced. 
At the ordinary temperatutes, a current of 0*05 
ampere, with a difference of potential of o*i to 
0*2 volt has been noted- usually the current does 
not exceed o*oi ampere. Tq decrease wear of the 
plant, a writer in the Ckemiker Zeitung recom- 
mends the use of very pure lead. All parts of 
the plant must be made with lead of uniform com- 
position. Finally, the plant should be connected 
with the ground in various points. — Ckimie ef 
ludnstrie, July, 1921. 


NEW COMPANIES. 


Tlie under-^nentioned parficixlars of New Companies recently 
registered are taken froflo Daity , Register compiled by 
JoEOAN & Sows, Limited, Ccwpapy Registration Agents, Cbanceiy 
Lane, W.C.2. 


J. P. Da WE & COKFAHY, LIMITED.— {i76465>— Registered 
August 25tb, 1921. Malden Road, Kentisb Town, N.W. To 
carry on tbe btisiness of Ciiemists and Druggists, Nominal 
Capital : £500 in 500 Shares of £1 each. Directors : R. J . P. Dawe, 
35, Junction Road, Holloway, N.; Ada H. Dawe, 35» Junction Road, 
Holloway, N. Qaaiitetioc of Directors : Remuneration of 

Dixectors: To be voted by Con^wny. 


BUELIHGTOK INUUSTEIAI. LABOBATOEIES, LIMITED,— {376443)— 

Registered a4tb, sgei. To carry on tbe business of 

AnalyucaL ConsuHil^ and Manufacturing Chemists, No*mi»al 
Capital ; £i,ogo in i»ood ^laws of £ i each. Directws : F, Goddard, 
yS, Persliore Rood Thornton Heath, Surrey H. EHkjtt, 7, Crawford 
Avenue, jttoltoa. Qualificatson of Directemt £50, 

Remaneradon of Directors : To he voteii by Company. 

TiMMis & IHGHAM, Lti«T*».'-H*76455>-R^»stered witfe, 

loai, 102, High Road, Ilford. To carry on the bo^icMs of Orntmcal 
Mauanfaeturers DeaSesrs. Kominad Capital ; 4^ 

Shares of £i acb. Dhectors: G- Ingham, loz, Ilford ; 

C H. Cooper, 109, Balfoar fh»aa, llloid (Permanent Darectorsi, 
Remcneratitm m threctors: £j«2 per anmiu) each Permanent 
Directiwrs. ' , 
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Robehts (Barking), Limited —(176473)— Registered August 25th, 
1921 Creekiubuth, Barking, Essex I o carr> on the business of 
Manufacturers and Dealers in Inks, Paints, Vaniishes, Oils and 
Colours. Nominal Capital* £100 m 100 Shares of each 
Direotors R W Orrock, Bleak House”, Creekinouth, Barking 
(Managing Director and Chairman) , H P. Orrock, 51, Salisbury 
Avenue, Barking, E Clarke, S, Lady Margaret Road, Kentish 
Town, N W Quahhcation ot Directors £2. Remuneration of 
Directors: To be voted by Company 



This List is specially compiled for the Chemical News by Messrs 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W C 3., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitously. 


Latest Patent Applications. 

21708 — Bntish Dyestuffs Corporation, Ltd — Manufacture of soluble 
acid colourmg-matters and intermediate compounds for 
manufacture thereof. August r6. 

2i88r— Cfaemische Fabric Rhenania, o. — Process for manufacture 
of sulphur from sulphuretted hydrogen. August 17. 

22027— Herzog, E. — Manufacture of sodium peroxide. August ig, 

21763— Wolvekamp, M E.— Alkali salts of oxidiaaed mrotalbrnic 
and lysalbmic acid as stable protective colloids for mercury 
compounds. August 16. 

21649 — Varwerke, vorm. Meister, Lucras and Brunning— Process 
of preparing aliphatic dialkylaminoalkyl compounds 
August 15. 

23852 — Bate, S. C.— Manufacture of triaryl methane colounug 
matters. 


Specipax^cms^puUisked this Week. 

167540— South Metropqlltanr Go. and Parrish, P. — Manufacture 

of arntnonium sulpli$i^|i 

167555— Matheson, A.— Mant^fetnre of alum and sulphate of 
alumina. xL 

149^57— Pfaiuaenschnaidt, P, chambers, acid towers, acid 

mains and simli^ ang^^tcfents. 

Abstract FWishiid this Week. 

Hydrocarhems.— Patent Ncjf *165452.— Mr. C. Weizmann, of 
41, Campden House Road, Kerfamgton and D A. Legg, of 35, Sisters 
Avenue^ North Side, ClapiwW^ Common, both in London, have 
obtained a Patent for an in^^ved process for obtaining hydro- 
carbons of the naphthene seni^. They areprepared by polymerizing 
2- or 3-butene or mixture thereof by means of anhydrous aluminium, 
chlcffide; the butene may be treated in the gaseous or liquefied 
condition and the polymeri?ution may be effected at a low tempera- 
ture, or at ordinary temperature under pressure. 

Butenes -2- butene, or a mixture thereof with 3- butene, is 
obtained by passing the vapour of normal primary butyl or pumice. 


M«srs Rayner & Co., will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each 


TENDERS. 


HTHE Commissioners of His Majesty’s Works, 

^ etc., are prepared to receive Tenders before 11 a.m. cm 
Friday, l<^h September, 1921 , for the supply of SODA 
CRYSTALS and SODA ASH. 


Forms of Tender, etc., may be obtamed on application to the 
Contrdlierof Supplies, H M, Office of Works, etc.. King Charles 
Street, Westminster, London, S.W.l. 


NOTICES. 


EDITORIAL. — All Literary communications and Books, Chemica 
Apparatus, Ac., for review or notice to be addressed to the 
Editor. 

SUBSCRIPTIONS, £l 12s. per annum, payable in advance, should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 

THE tHEMICAL NEWS, 

97, Shoe. I.,^e, I.ONI10N, E.C 4 


ADYERTISEHENTS. 

All communications for this Department should be ad> 
di^ssed to — 

T, G. SCOTT & SON, 

63, Ludgate Hill, London, E C-4 


CITY OF CARDIFF 
EDUCATION COMMITTEE. 

THE TECHNICAL COLLEGE. 

Principal— CHARLES COLES, B.Sc. (Lond.) 


DEPARTMENT OF INDUSTRIAL CHEMISTRY. 

Head of Department— H W. WEBB, M.Sc., F.I.C., F.C.S. 

JOINT COURSE. 

(with University College of South Wales and Monmouthshire). 

A complete course m Chemistry and associated subjects is 
provided for those wishing to become industrial chemists. The 
course includes .— 

Chemistry, Physics, Mathematics, Chemical Engineering, 
Utilization of Steam and Electric Power, Cost Accounting, together 
with a specialised practical training in a branch of industrial 
chemistry chosen from the following — 

(1) Fuel. 

(2) General Iron and Steel Manufacture. 

( 3 ) Gas Manufacture. 

( 4 ) Foundry Work. 

( 5 ) Tm-PIate Manufacture. 

(6) Refractones and Cement 

( 7 ) Electro Chemistry 

18) Brewing. 

( 9 ) Papermaking. 

Examinations which are also catered for by the course 
include — 

B.Sc. (Lond ) Ext. 

Associate Institute of Chemistry 

F.I C. in Chemical Engmeering. 

The Session commences on October 4 th, 1921 

Fees, 16 guineas per annum plus registration fee and a charge 
for apparatus. 

Further particulars may be obtained on application to the 
Principal. 

JOHN J. JACKIN, B.A , Director of Education, City Hall, 
Cardiff. 


THE POLYTECHNIC, 

309, REGENT STREET, W.l. 


WLA. H.T?X2^r>^IL,B*S 

Apparatus and Reagents 

F<hp Cbemica.1 and Bacteplologioal Research 
SPEGlALiTIES:- 

KARTIKBALB’S BITRETTE STAHD ... ... 9/-, 16/- 
KABTROyAIiB’S BACTBBIOLOGKJAL CASE 42/- 

Amtytical Price List pest free. Telephone— 1797 Paddington. 

MARTiN 0 ALEj 10, New Cavendish St^W. 


CHEMISTRY DEPARTMENT. 

Head of Department : FRANK E. WESTON, B.Sc., F.l.C. 


^ENING Courses are arranged in; 

(1) PURE CHEMISTRY. 

(2) APPLIED CHEMISTRY. 

(«) Gas Msmnfacture and Engineering. 

(d) Oils, Pais and Waxes. 

(r) Baiaiexs* Oils, Colours and Varnishes. 

Conrst (U meets the reguiFemeits of the Conjoint Board. 
Bxam^tkation for Dentafiand Medical Students. 

Term ocaaomenoesSl^ September, (Enrolments from 14 th Sept.). 
Prospectus 3 d , post paid, from 

THE DIRECTOR OF EDUCATION. 
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ADVANCEMENT OF SCIENCE. 


Edinburgh, 1921. 

INAUGURAL ADDRESS OF THE PRESIDENT. 

Sir T. Edward Thorpe, C.B., D.Sc., Sc.D., 
LLD., F.R.S., Hon. F.R.S. Edin. 

(Concluded from p. 141). 

The valency of the elements, like their 
periodicity, is a consequence of the principle that 
equilibrium becomes unstable when there are more 
than eight electrons in the outer layer of the atom. 
For on this view the chemical combination 
between two atoms, A and B, consists in the elec- 
trons of A getting linked up with those of B. 
Consider an atom like that of neon, which has 
already eight electrons in its outer layer; it can- 
not find room for any more, so that no atoms can 
be linked to it, and thus it ^annot form any com- 
pounds, Now take an atom of fluorine, which 
has seven electrons in its outer layer; it can find 
room for one, but only one, electron, so 
that it can unite with one, but not with 
more than one, atom of an element like 
hydrogen, which has one electron in the outer 
layer. Fluorine, accordingly, is monovalent. 
The oxygen atom has six electrons; it has, there- 
fore, room for more, and so can link up with 
t\yo atoms of hydrogen : hence oxygen is divalent. 
Similarly nitrogen, which has five electrons and 
three vacant places, will be trivalent, and so on. 
On this view an element should have two valen- 
cies, the sum of the two being equal to eight. 
Thus, to take oxygen as an example, it has only 
two vacant places, 'and so can only find room for 
the electrons of two atoms; it has, however, six 
electrons available for filling up the vacant places 
in other atoms, and as there is only one vacancy 
to be filled in a fluorine atom the electrons in an 
oxygen atom could fill up the vacancies in six 
fluorine atoms, and thereby attach these atoms to 
it. A fluoride of oxygen of this composition re- 
mains to be discovered, but its analogue, SF«, 
first made known by Moissan, is a compound of 
this type. The existence of two valencies for an 
element is in accordance with views put forward 
some time ago by Abegg and Bddlander. Prof. 
Lewis and Mr. Irving Longmuir have developed, 
with great ingenuity and success, the consequences 
w^hich follow from the hypothesis that an octet 
of electrons surrounds the atoms in chemical 
compounds. 

The term “atomic weight*' has thus acquired for 
the chemist an altogether new and much wider 
significance. It has long been recognised that it 
has a far’ deeper import thgp as a constant useful 
in chemical arithmetic. For the ordinary pur- 
poses of quantitative analysis, of technology, and 
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of trade, these constants may be said to be now 
known with suflicient accuracy. But in view of 
their bearing on the great problem of the essential 
nature of matter and on the “superlatively grand 
question : What is the inner mechanism of the 
atoin?” they become of supreme importance. 
Their determination and study must now be 
approached from entirely new standpoints and by 
the conjoint action of chemists and physicists. 
The existence of isotopes has enormously widened 
the horizon. At first sight it would appear that 
we should require to know as many atomic 
weights as there are isotopes, and the chemist may 
well be appalled at such a prospect. All sorts of 
difliculties start up to affright him, such as the 
present impossibility of isolating isotopes in a 
state of individuality, their possible instability, 
and the inability of his quantitative methods to 
establish accurately the relatively small differ- 
ences to be anticipated. All this would seem to 
make for complexity. On the other hand, it may 
eventually tend towards simplification. If, with 
the aid of the physicist we can unravel the nature 
and configuration of the atom of any particular 
element, determine the number and relative 
arrangement of the constituent protons and elec- 
trons, it may be possible to arrive at the atomic 
weight by simple calculation, on the assumption 
that the integer rule is mathematically valid. 
This, however^ is almost certainly not the case, 
owing to the influence of “packing.” The little 
differences, in fact, may make all the difference. 
The case is analogous to that of the so-called 
gaseous laws in which the departures from their 
mathematical expression have been the means of 
elucidating the physical constitution of the gases 
and of throwing light upon such .variations in 
their behavious as have been observed to occur. 
There would appear, therefore, ample scope for 
the chemist in determining wdth the highest 
attainable accuracy the departures from the 
whole-number rule, since it is evident that much 
depends upon their exact extent. 

These considerations have already engaged the 
attentk>n of chemists. For some years past, a 
small International Committee, originally ap- 
pointed in 1903, has made and published an 
annual^ report in which they have noted such 
determinations of atomic weight as have been 
made during the year preceding each report, and 
they have from time to time made ^j^estions for 
the amendment of the Tables of Atomic Weights, 
published in text-books and chemical journals, 
and in use in chemical laboratories. In view of 
recent developments, the time has now arrived 
when the work of this International Committee 
must be reorganised and its aims and functions 
extended. The mode in which this should be 
dqne has been discussed at the meeting in 
Brussels, in June last, of the Internationa! Union 
of Chemistry Pure and Applied, has result)^ 
in strengthening the constitution of the Committee 
and in a wide extension of its scope. 

The crisis through which we have ret^ntly 
passed has had a profound effect upon the world. 
The spectacle of the most cultured most 
highly develdped peoples on this earth, armed 
with, every offensive appliance which ; science and 
the invenrive* skill and ingenuity of men could 
suggest, in the throes of a death struggle must 
hav^ m^le the 4 angels weep. That dreadful 
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harvest of death is past, but the aftermath re^ 
mains. Some of it is evil, and the evil will per- 
sist for, It may be, generations. There is, how- 
ever, an element of good in it, and the good, we 
trust, will develop and increase with increase of 
years. The whole complexion of the world — 
material, social, economic, political, moral, 
spiritual — has been changed, in certain aspects 
immediately for the worse, in others prospectively 
for the better. It behoves us, then, as a nation, 
to pay heed to the lessons of the war. 

The theme is far too complicated to be treated 
adequately within the limits of such an address 
as this. But there are some aspects of it germane 
to the objects of this Association, and I venture, 
therefore, in the time that remains to me, to bring 
them to your notice. 

The Great War differed from all previous inter- 
necine struggled in the extent to which organised 
science was invoked and systematically applied in 
its prosecution. In its later phases, indeed, suc- 
cess became largely a question as to which of the 
great contending parties could most rapidly and 
nifost effectively bring its resources to their aid. 
The chief protagonists had been in the forefront 
of scientific progress for centuries, and had 
accumulated experience of the manifold applica- 
tions of science in practically every department 
of human activity that could have any possible 
relation to the conduct of the war. The military 
class in every country is probably the most con- 
servative of all the professions and the slowest to 
depart from tradition. But when nations are at 
grips, and they realise that their very existence is 
threatened, every' agency that may tend to cripple 
the adversary is apt to he resorted to — no matter 
how far it departs from the customs and conven- 
tions of war. This is more certain to be the case 
if the struggle is protracted. We have witnessed 
this fact in the course of the late War. Those 
who, realising that in the present imperfect stage 
of civilisation, wars are inevitable, and yet strove 
to minimise their horrors, and who formulated the 
Hague Convention of 18^, were well awi re how 
these horrors might be enormously intensified hv 
the applications of scientific knowledge, and 
especially of chemistry. Nothing shocked the 
conscience of the civilised world more than Ger- 
many’s cynical disregard of the undertaking into 
which she had entered with other nations in re- 
gard, for instance, to the use of lethal gas in war- 
fare. The nation that treacherously violated the 
Tr^ty of Belgium, and even applauded the 
action, might be expected to have no scruples in 
repudiating her obligations under the Hague Con- 
vention. April 25, iqi5, which savr the clouds of 
the asphyxiating chlorine slowly wafted from the 
German trenches towards the lines of the Allies, 
witnessed one of the most bestial episodes in the 
history of the Great War, The world stood aghast 
at such a spectacle of barbarism. German hultur 
apparently had absolutely no ethical value. 
Poi^ned weapons are employed by savages, and 
noxious^ gas had been used in Eastern warfare in 
early times, but its use was hitherto unknown 
among European nations. How it originated 
among the Germans— whether by the direct un- 
prompted action of the Higher Command, or, as 
is more probable, at the instance of persons con- 
xiected with the great manufacturing concerns in 
Rhineland^ has, so far as I know, not transpired. 


It was not so used in the earlier stages of the 
War, even when it had become a war of position. 
It is notorious that the great chemical manufac- 
turing establishments of Germany had been, for 
years previously, sedulously linked up in the ser- 
vice of the war which Germany was deliberately 
planning — probably, in the first instance, mainly 
for the supply of munitions and medicaments. 
We may suppose that it was the tenacity of our 
troops, and the failure of repeated attempts o dis- 
lodge hem by direct attack, that led to the em- 
ployment of such foul methods. Be this as it 
may, these methods became part of the settled 
practice of our enemies, and during the three 
succeeeding years, that is from April, 1915, to 
September, iqiS, no fewer than eighteen different 
forms of poison — gases, liquids, and solids — were 
employed by the Germans. On the principle of 
Vespasian’s law, reprisals became inevitable, and 
for the greater part of three years we had the 
sorry spectacle of the leading nations of the world 
flinging the most deadly products at one another 
that chemical knowledge could suggest and tech- 
nical skill contrive. Warfare, it would seem, has 
now definitely entered upon a new phase. The 
horrors which the Hague Convention saw were 
imminent, and from which they strove to protect 
humanity, are now, apparently, by the example 
and initiative of Germany, to become part of the 
established procedure of war. Civilisation pro- 
tests against a step so retrograde. Surely comity 
among nations should be adequate to arrest it. 
If the League of Nations is vested with any real 
power, it should be possible for it to devise the 
means, and to ensure their successful application. 
The failure of the Hague Convention is no suffi- 
cient reason for despair. The moral sense of the 
civilised world is not so dulled but that, 
if roused, it can make its influence pre- 
vail. And steps should be taken without 
delay to make that influence supreme, and all 
the more so that there are agencies at work which 
would seek to perpetuate such methods as a recog- 
nised procedure of war. The case for what is 
called chemical warfare has not wanted for advo- 
cates. It is argued that poison gas is far les=; 
fatal and far less cruel than any other instrument 
; of war. It has been stated that “amongst the 
‘mustard gas’ casualties the deaths were less than 
2 per cent, and w’hen death did not ensue com- 
plete recovery generally utimately resulted. , . . 
Other materials of chemical warfare in use at the 
Armistice do not kill at all; they produce casual- 
ties which, after six weeks in hospital, are dis- 
charged practically without permanent hurt.” It 
has been argued that, as a method of conducting 
war,^ poison-gas is more humane than preventive 
medicine. Preventive medicine has increased the 
unit dimension of an army, free from epidemic 
and communicable disease, from 100,000 men to 
a million. “Preventive medicine has made it 
possible to maintain 20,000,000 men under arms 
and abnormally free from disease, and so pro- 
vided greater scope for the killing activites of the 
other military weapons. . . . Whilst the surprise 
effects of chemical warfare aroused anger as -being 
contrary to military tradition, they were minute 
compared with those of preventive medicine. The 
former slew in its thousands, whilst the latter slew^ 
its millions and is still reaping the harvest.” This 
argument carries no conviction. Poison gas is not 



Bfitish Associatiofv 

merely contrary to European military tradition; | 
it is repugnant to the right feeling of civilised i 
humanity. It in no wise displaces or supplants [ 
existing instruments of war, but creates a new ; 
kind of weapon, of limitless power and deadli- i 
ness. ‘Mustard gas’ may be a comparatively in- i 
nocuous product as lethal substances go. It cer- ' 
tainly was not intended to be such by our enemies. 
Nor, presumably, were the Allies any more con- 1 
siderate when they retaliated with it. Its eifects | 
indeed, were sufficiently terrible to destroy the : 
German moral. The knowledge that the Allies i 
were preparing to employ it to an almost bound- ; 
less extent was one of the factors that determined 
our enemies to sue for the Armistice. But if 
poisonous chemicals are henceforth to be regarded 
as a regular means of offence in warfare, is it at 
all likeb' that their use will be confined to 
^mustard gas,’ or indeed to any other of the 
various substances which were employed up to the 
date of the Armistice? To one who, after the 
peace, inquired in Germany concerning the Ger- 
man methods of making ‘mustard gas,’ the reply 
was : — ^‘Why are you worrying about this when 
you know perfectly well that this is not the gas 
we shall use in the next war ” 

I hold no brief for preventive medicine, which 
is well able to fight its own case. I would only 
say that it is the legitimate business of preventive 
medicine to preserve by ail known means the 
health of any body of men, however large or 
small, committeed to its care. It is not to its dis- 
credit if, by knowledge and skill, the numbers so 
maintained run into millions instead of being 
limited to thousands. On the other hand, “an 
educated public opinion” will refuse to give credit 
to any body of scientific men who employ their 
talents in devising means to develop and per- 
petuate a naode of warfare which is abhorrent to 
the higher instincts of humanit3^ 

This Association, I trust, will set its face against 
the continued degradation of science in thus aug- 
menting the horrors of war It could have no 
loftier task than to use its great influence in 
arresting a course which is the very negation of 
civilisation. 


THE LABORATORY OF THE LIVING 
ORGANISM, 

Address Delivered before Section B 
(Chemistry) 

By M, O. Forster, D.Sc., F.R.S., President of 
the Section. 

Many and various are the reasons which have been 
urged, at different periods of its history, for 
stimulating the study of chemistry. In recent 
years these have been either defensive or frankly 
utilitarian, in the latter feature recalling the less 
philosophic aspects of alchemy; moreover, it is to 
be feared that a substantial proportion of tho^e 
w’ho have lately hastened to prepare themselves 
for a chemical career have been actuated by this 
inducement It is the duty, therefore, of those 
who speak with any degree of experience to de- 
clare that the only motive for pursuing chemistry 
which promises anything but profound disappoint- 
ment is an affection for the subject sufeiently 
absorbing to displace the attraction of other pur- 
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suits. Even to the young chemist who embarks 
under this inspiration the prospect of success as 
recognised by the world is indeed slender, but, as 
his knowledge grows and the consequent apprecia- 
tion of our ignorance widens, enthusiasm for the 
beauty and mystery of surrounding nature go far 
in compensating for the disadvantages of his 
position. On the other hand, he who has been 
beguiled into embracing chemistry on the sole 
ground of believing it to be a “good thing” will 
either desert it expeditiously or almost surely 
starve and shower purple curses upon his advisers. 

In one respect chemistry resembles measles — 
every boy and girl should have it, lest an attack 
in later life should prove more serious. More- 
over, whilst it is not only unnecessary, but most 
undesirable, to present the subject as if every boy 
and girl were going to be a chemist, it is most 
important to present it in such a manner that 
every educated citizen may realise the intimate 
part which chemistry plays in his daily ,^life. Not 
only do chemical principles underlie the opera- 
tions of every industry, but every human being — 
indeed, every living plant and animal — is, during 
each moment of healthy life, a practical organic 
and physical chemist, conducting analytical and 
synthetical processes of the most complex order 
with imperturbable serenity. No other branch of 
knowledge can appeal for attention on comparable 
grounds; and without suggesting that we should 
all, individually, acquire sufficient chemical 
understanding ^ fully to apprehend the changes 
which our bodies effect so punctually and so pre- 
cisely — for this remains beyond the power of 
trained chemists — it may be claimed that an 
acquantaince with the general outlines of chemis- 
try w’ould add to the mental equipment of our 
people a source of abundant intellectual pleasure 
which is now unfairly denied them. We have 
been told that the world shall be made a fit place 
for heroes to live in; but is not the preliminary 
to this ideal an exposition to those heroes of the 
wonder and beauty of the world which they 
already occupy, on the principle that if you can- 
not have what you like, it is elementary wisdom 
to like what you have? In following the custom- 
ary practice of surveying matters of interest which 
have risen from our recent studies, therefore, it 
is the purpose of this address to emphasise also 
those aesthetic aspects of chemistry which offer 
ample justification for the labour which its pur- 
suit involves. 

What is breakfast to the average man? A 
hurried compromise between hunger and the news- 
paper. How does the chemist regard it? As a 
daily miracle which gains, rather than loses, 
freshness as the years proceed. For just think 
what happens. Before we reach the table, 
frizzled bacon, contemplated or smelt, has 
actuated a wonderful chemical process in our 
bodies. The work of Pavlov has shown that if 
the dog has been accustomed to feed from a 
familiar bowl the sight of that bowl, even empty, 
liberates from the appropriate glands a saliva 
having the same chemical composition as that 
produced by snuffing the food. This mouth- 
watering process, an early experience of child- 
hood, is known to the polite physiologist as a 
“psychic reflex,” and the various forms assumed 
by psychic reflex, responding to the various ex- 
citations which a^se in the daily life of a human 
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:)eing5 must be ’regarded by the chemical 
Dhilosopher as a series of demonstrations akin to 
.hose which he makes in the laboratory, but hope- 
lessly^ inimitable with his present mental and 
material resources. For, extending this principle 
to the other chemical substances poured succes- 
sively into the dijgestive tract, we have to recog- 
nise that the minute cells of which our bodies are 
co-ordinated assemblages possess and exercise a^ 
power of synthetic achievement contrasted with' 
\vhich the classical syntheses, occasionally en- 
ticing the modem organic chemist to outbursts of 
pride, are little more than hesitating prelimin- 
aries. Such products of the laboratory, elegant 
as they appear to us, represent only the fringe of 
this vast and aborting subject Caibohyd rates, 
alkaloids, glucosides, » and purines, complex as 
they seem whm viewed from the plane of their 
constituent elements, are but the molecular debris 
strewing the path of enzyme action and photo- 
chemical ^nthesis, whilst the enzymes produced 
in the ceils, and applied by them in their cease- 
less metamorphoses, are so far from having been 
synthesised by the chemist as to have not even 
yet been isolated in purified form, although their 
specihc actions may be studied in the tissue- 
extracts containing them. 

Refiect for a moment on the specific actions. 
The starch in our toast and porridge, the fat in 
our butter, the proteins in our bacon, all insoluble 
in water, by transformations otherwise unattain- 
able in the laboratory are smoothly and rapidly 


tions within the mental horizon of those who 
take pleasure in study and reEection ; and to those 
also the distinction between plants and animals 
should be at least intelligible. The wonderful 
power which plants exercise in building up their 
tissues fro-m carbonic acid, water, and nitrogen, 
contrasted with the powerlessness of animals to 
utilise these building materials until they ^ have 
been already assembled by plants, is a 
phenomenon too fundamental and illuminating to 
be withheld, as it now is, from all but the few. 
For by its open^^pn the delicate green carpet, 
which we all delight in following through the 
annual process of covering the fields with golden 
corn, is accomplishing throughout the summer 
months a vast chemical synthesis of starch for our 
benefit. Through the tiny pores in those tendof 
blades are circulating freely the gases of 
atmosphere, and from those gases — light, intan- 
gible nothingness, as we are prone td regard 
them — this very tangible and important white 
solid compound is 1>eing elaborated. The chemist 
cannot do this. Plants accomplish it by their 
most conspicuous feature, greenness, which en- 
ables then to put solar energy into cold storage; 
they are accumulating fuel for subsequent 
development of bodily heat energy. Side by side 
with starch, however, these unadvertised silent 
chemical agencies elaborate molecules even more 
imposing, in which nitrogen is interwoven with 
the elements of starch, and thus are produced the 
vegetable alkaloids. 


CH2.CH;0 CHs 

+ HaN.CH3 + CO 

CR2.CH : O CHs 

Fig. I. 


CHa CH CHa 
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rendered transmissible to the blood, which accepts 
the products of their disintegration with militarj^ 
precision. Even more amazing are the conse- 
quences. Remarkable as the foregoing analyses 
must appear, we can dimly follow their progress 
by comparison with those more violent disruptions 
of similar materials revealed to us by laboratory 
practice, enabling such masters of our craft as 
Emil Fischer to isolate the resultant individuals. 
Concurrently with such analyses, however, there 
proceeds syntheses which we can scarcely 
visualise, much less imitate. The perpetual 
elaboration of fatty acids from carbohydrates, of 
proteins from amino-acids, of zymogens and hor. 
manes as practised by the living body are beyond 
the present comprehension of the biochemist; but 
their recognition is his delight, and the hope of 
ultimately realising such marvels provides the 
dazzling goal towards which his efforts are 
directed. 

Tks Vegetable Alkaloids, 

The joyous contemplation of these wonders is 
an in^ienable reward of chemical study, but it 
is denied to the vast majority of our people. The 
movements of currency exchange, to dhfi, 

s^tention of the public has b^ , 
tohomly for several years, aie cemtor- 

tions compared with tlfce dtanical trahsfbmatioBs 
ansmg from food it should not be im- 
possible m bring the of these transforma- 


In this province the chemist has been more 
fortunate, and successive generations of students 
have been instructed in the synthesis of piperine, 
coniine, trigonelline, nicotine and extensions from 
the artificial production of tropine; but until quite 
recently his methods have been hopelessly diver- 
gent from those of the plant. Enlightening in- 
sight mto these, however, was given just four 
years ago by R. Robinson, who effected a remark- 
ably simple synthesis of tropinone by the mere 
association of succin dialdehyde, methylamine, and 
acetone in water, unassisted by a condensing agent 
or an increase of temperature (see Fig. i). 

Although the yield was very small, it reached 
42 per cent when acetone was replaced by a salt 
of its dicarboxylic acid, which might e^ily arise 
from citric acid as one of the itennediate com- 
pounds used by plants ip their synthetical 
exercises. 

Based upon thiS'«3tperiment, EL Robinson (iqiy) 
has deveh^l^edt ateacri'^e explanation of the 

of alkaloids, in which 
tte a pyrrolidine, piperidine, quin- 

Or isag-^iiinolme group is shown to be 
ol frmn the association and 

ibiebtcrioQ of amino-acid, formaldehyde, 

acetanedicarboxylic acid and the intermediate 
products of these, taking place xmder the inflluence 
of oxidation, reduction, and condensation such as 
the plant is known to effect. It would be scarcely 
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be fair to the resourceful skill embodied in this 
theor>’ to attempt an abbreviated description of the 
methods by which molecules as complex even as 
those of morphine and narco tine may be 
developed. Ornithine (oS-diaminovaieric acid) is 
represented as the basis of h\grine, cuschygrine, 
and the tropine alkaloids, whilst the coniine 
group may spring from lysine (ae-diaminocaproic 
acid). A particularly interesting aptiiication of 
these principles has been made with reference to 
the vital synthesis of harmine, which W. H. 
Perkin and R. Robinson (1Q19) represent as 
arising from a hydroxytr>'ptophan as yet undis- 
coyered ; meanwhile they have shown that harman 
is identical with the base obtained by Hopkins and 
Cole on oxidising tr^Tptophan itself with ferric 
chloride. Thus it may be claimed that Robinson^s 
theory represents a notable advance in our con- 
ception of these vital changes, and that by means 
of the carbinolamine and aldol condensations in- 
volved fruitful inquiries into constitution and the 
mechanism of synthesis will follow. 

The Nucleic Acids, 


Owing to the venerable position occuiiied by 
alkaloids in the systematic development of chemi- 
cal science, and to the success which has attended 
elucidation of their structure, many of us have 
become callous to the perpetual mystery- of their 
elaboration. Those who seek fresh wonders, 
hoyvever, need only turn to the nucleic acids in 
order to satisfy their curiosity. For in the nucleic 
acid of yeast the chemist finds a definite entity 
forming a landmark in the path of metabolic pro- 
cedure, a connecting link betyveen the undefined 
molecules of living protein and the ciy-stailisable 
products of katabolic disintegration. 

Let us review this remarkable substance. With 
an empirical formula, it has a 

molecular yveight (1303) exceeding that of the 
octadecapeptide (1213) synthesised by Fischer 
(1Q07), although considerably beloyv those of the 
penta-(penta-acetyl-?;z-digalloyl)-i8-glucose (2136) 
produced by Fischer and Bergmann (1918), and of 
the hepta-(tribenzoyigalloyl)-p-iodophenylmalt- 
osazone (4021) elaborated by Fischer and Freuden- i 
{iQJ2). Nevertheless, its intrinsic import-' 
ance is transcendent. In the language of chemis- 
try it is a combination of four nucleotides, linked 
wnth one another thiough the pentose molecule, 
zf-nbose, which is common to each, and owing its 
acid character to phosphoric acid, also common 'to 
the component nucleotides. The latter differ from 
one another in respect of their nitrogenous factors, 
which are guanine (2-amino-6-oxypurine), adenine 
{b-aminopurine), uracil (2 ; 6-dioxypyrimidine), 
and cytosine (2-oxy-6-aminopyrimidine), giving 
their names to the four nucleotides linked yvith 
each other in the following manner ; 

( HO)aPO. O. CsH-Oa.C^H^ONft (guanine) 

O 


( HO )aPO. O. C C*H,ON a 

1 

0 

1 

( HO)tPO. O. 

O 

(H0),PO.O.(l,H,O..C.H,O,N, 


(cytosine) 

(adenine) 

(uracil) 


We owe this picture of plant nucleic acid to the 
combined researches of many chemists, con- 
spicuous amongst whom is A. Kossel ; he deriy-ed 
purine bases fiom nucleins in the early eighteen- 
eighties, and subsequently identified the products 
of completely hydrolysing the nucleic acids from 
yeast and from the thymus gland. Characterisa- 
tion of intermediate products in such hydrolyses — 
namely, the nucleotides of guanine, cytosine, 
adenine, and uracil — with the corresponding 
nucleosides, guano sine, cytidine, adenosine, and 
uridine, is due chiefly to W. Jones and to P. A. 
Levene, yvith who yvas later associated W. A 
Jacobs; but the most picturesque of all contribu- 
tions to the subject was made by the earliest of the 
systematic investigators, Friedrich Miescher, who 
followed his isolation of nuclein (nucleic acid) 
from pus cells (1868) by the remarkable discovery 
that the spermatozoa heads of Rhine salmon con- 
sist almost entirely of protamine nucleate (1874), 
and that this must have arisen, not directly from 
food, but from muscle protein. 

W hilst the yeast cell and the yvheat embryo have 
the poyy-er to synthesise nucleic acid of the struc- 
ture represented above, the thymus gland elabor- 
ates another nucleic acid in which a hexose is 
substituted for zf-ribose, and uracil is replaced by 
thymine, its methyl derivative (s-methyl-2 : 6- 
dioxypyrimidine) ; the order and mode of nucleo- 
tide linkage are also different. These nucleic 
acids, although deriving their carbohydrate and 
phosphoric acid from the nourishment on yyhich 
the organism thrives, do not o\y'e the purine fac- 
tors to the same source ; in other words, the tissues 
must have power to synthesise a purine ring. The 
mechanism by which they exercise this power is 
one of the many problems which await elucidation 
but arginine (o-amino-S-guanidinevaleric acid) 
been indicated as one possible origin, whilst 
histidine (“-amino-^-imidazolylpropionic acid) 
may be a source of the pyrimidine nucleus. 

The transformations undergone by nucleic acid 
in contact with tissue -extracts have provided the 
subjects of numerous investigations extending 
over thirty years. In fact, the experimental 
materials of such voluminous complexity as to 
be unintelligible without the guidance of an ex- 
pert, and in this capacity W. Jones has rendered 
valuable service by his recent lucid arrangement 
of the subject (1Q21), From this it m compara- 
tively easy to follow the conversion of nucleic 
acid into uric acid through the agency of enzymes, 
and a review’ of these processes can only serve to 
increase our admiration for the precision and 
facility wnth w’hich the chemical operations of the 
living body are conducted. Regarding for the 
sake of simplicit>’ only the purine nucleotides, 
these are probably the first products of hydrolys- 
ing nucleic acid, and from them there may be 
liberated either phosphoric acid by a phospho- 
nuclease, or the purine-base by a purine-nuclease, 
giving rise to guanine and adenine, with their 
nucleosides, guanosine and adenosine. T^re- 
after the procedure is less obscure. The four jiro- 
ducts exchange their amino-group for hydroxyl 
under the inliufSnce of their respective d^^inase 
— namely^ guanase, adenase, guanosine-<feminase 
or hdenostne-deaihinafee. The two original nucleo- 
sides, with their corresponding derivatives, 
xanthosiiie and'inosine, are then hydrolysed by 
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their appropriate hydrolase, and the resulting oxy- 
purines, xanthine and hypoxan thine, are further 
oxidised by xanthine-oxidase to uric acid.^ This 
is the concluding phase of purine metabolism in 
man and apes, but other animals are able to trans- 
form uric acid into allantoin by means of ur 4 case. 
The changes may be represented diagrammati- 
cally (see Fig. 2). 

Considerable progress has been made also in 
localising the various enzymes among the organs 
of the body, particularly those of animals. Into 
the results of these inquiries it is not the purpose 
of this address to enter further than to indicate 
that they reveal a marvellous distributon, 
throughout the organism, of materials able to 
exert at the proper moment those chemical activi- 
ties appropriate to the changes which they are re- 
quired to effect. The contemplation of such a 
system continuously, and in health unerringly, 
completing a series of chemical changes so numer- 
ous and so diverse, must produce in every 
thoughtful mind a sensation of humble amaze- 


discontinuous, there is encouragement to be found 
in the relationship between chlorophyll and 
haemoglobin. Even the most detached and cynical 
observer of human failings must glow with a 
sense of worship when he perceives this relation- 
ship, and thus brings himself to acknowledge the 
commonest of green plants among his kindred. 
Because, just as every moment of his existence 
depends upon the successful performance of its 
chemical duties by the haemoglobin of his blood 
corpuscles, so the life and growth of green plants 
hinge on the transformations of chlorophyll. 

The persevering^ elucidation of chlorophyll 
structure ranks high in the achievements of 
modem organic chemistry, and in its later stages 
is due principally to Willstatter and his collabora- 
tors, whose - investigations culminated in 1Q13. 
Eliminating the yellow and colourless companions 
of the substance by a regulated system of partition 
among solvents, they raised the chlorophyll con- 
tent to 70 per cent from the 8 to 16 per cent found 
in the original extract, completing the separation 


Nucleic Acid 



Fig. 2. 


ment. The aspect of this miraculous organisation 
which requires most to be emphasised, however, 
is that an appreciation of its complex beauty can 
be gained only by those to whom at least the ele- 
ments of a training in chemistry have been 
vouchsafed. ^ Such training has potential value 
from^ an ethical standpoint, for chemistry is a 
drastic leveller; in the nucleic acids man dis- 
covers a imship with yeast-cells, and in their 
common failure to transform uric acid into allan- 
toin he finds a fresh bond of sympathy with apes. 
The overwhelming majority of people arrive at 
the grave, however, without having had the 
slightest conception of the delicate chemical 
machinery and the subtle physical changes which, 
througlmut each moment of life, they have 
methodically and unwittingly operated. 

Chlorophyll and H mmoglohin. 

To those who delight in tracing unity among the 
bewildering intricacies of natural processes, and 
by padent comparison of superficially dissimilar 
materials triumphantly to reveal continuitv in the 


by utilising the insolubility of chlorophyll in 
petroleum ether. By such means, i kilogrm. of 
dried stinging-nettles gave 6' 5 grms. of the puri- 
fied material, representing about So per cent of 
the total amount which the leaf contains, and 
application of the process to fresh leaves has 
established the identity of the product from both 
sources. Thus the isolation of chlorophyll from 
plants is now no more difiScuit than that of alka- 
loids or of sugars, and may actually be demon- 
strated as a lecture-experiment. 

As a consequence of these operations, the dual 
nature of leaf-green was brought to light in 1912. 
The focus of main phytochemical action is thus 
revealed as a system composed of chlorophyll-^z_, 
bluish-green in solution, and of the yellowish- 
green chlorophyll-^^ representing different stages 
of oxidation as indicated by the formulae, 

W C„H„0N*Mg(CD3-CH3) {CO,.C,oH„) = 

C«H„0,N,Mg 

(b) C„H3aO,N*Mg(CO„CH3) (CO^.CoH^)- 

C„H,oO,N,Mg 
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In the solid form these products are micro. 
crsytailine powders, bluish-black and greenish- 
black respectively. They are accompanied by two 
non-nitrogenous yellow pigments, the unsaturated 
hydrocarbon, carrotene, C4oH5«, and its oxide, 
xanthophyll, C4ftH5ftO, both of which readily ab- 
sorb oxygen and are allied to a third carrotinoid 
substance, fucoxanthin, associated with 

them in brown algae and isolated in 1914. Based 
upon the experience indicated above, Willstatter 
and his colleagues have examined upwards of 200 
plants drawn from numerous classes of crypto- 
gams and phanerogams. The leaf-green of these 
is identical, and the proportion oi a to b almost 
invariably approaches 3 : i excepting in the brown 
algae, in which b is scarcely recognisable. 

This is not an occasion to follow, otherwise than 
in the barest outline, the course of laboratory dis- 
integration to which the chlorophyll molecules 
have been subjected by the controlled attack of 
alkalis and acids. The former agents reveal 
chlorophyll in the twofold character of a lactam 
and a dicarboxylic ester of methyl alcohol and 
phytol, an unsaturated primary alcohol, 
Ca,H3,,OH, of which the constitution remains 
obscure in spite of detailed investigation of its 
derivatives; but the residual complex, represent- 
ing two-thirds of the original molecule, has been 
carefully dissected. The various forms of this 


basic principle also of the blood-pigment, in which 
iron plays the part of magnesium in chlorophyll. 
Fundamental as is the difference between hsemo- 
globin and chlorophyll, relationship can be 
claimed through this connecting-link, because the 
same compound, setioporphyrin has been produced 
from haemoporphyrin, Cji3Hs«04N4, which is thus 
its dicarboxylic acid. Haemoporphyrin arises from 
haematoporphyrm, Q3H38O6.N4, produced by the 
action of hydrobromic acid on haemin, 
C33H3204N4FeCl, which in turn is derived by ex- 
changing chlorine for hydroxyl in haematin, 
Cs3H5a03N4Fe, the non-arbuminoid partner of 
giobin in haemoglobin. Thus, omitting mrnv 
intermediate stages, the relationship between 
chlorophyll and hsemoglobin may be sketched by 
the diagram (see Fig. 3). 

It must be rememl^red, however, that although 
recent years have udtnessed great progress in 
elucidating the nature of chlorophyll ani haemo- 
globin, the mechanism by which they act remains 
unrevealed. The famous assimiliation hypothesis 
of von Baeyer, according to which it is formalde- 
hyde which represents the connecting link in the 
phytochemical synthesis of carbohydrate from 
carbon dioxide, w^as enunciated in 1870, and arose 
from Butlerow’s preparation of methylenitan. In 
spite of numerous criticisms, some of which aie 
quite recent, it remains unshaken. The line of 
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residual complex, when produced by the action of 
alkalis on chlorophyll, have been called 
'^phyllins” ; they are carboxylic acids of nitro- 
genous ring-systems, ^ which retain magnesium in 
direct combination with nitrogen. The porphyrins 
are the corresponding products arising by the 
action of acids; they are carboxylic acids of the 
same nitrogenous ring-systems from which the 
magnesium has been removed. The phyllins and 
the porphyrins have alike been degraded to the 
crystalline base, aetioporphyrin, C31H34N4, into 
the composition of which four variously substi- 
tuted pyrrole rings enter, probably as follows : 


OHjikC — CH^ 


CH3.C 

^C==c<(_ 


0 *H. 


CH3.C=C 

CH, 


G — 
/NE 





iStioporphyrin, 


It is this assemblage of. substituted pyrroles 
w’hich, according to present knowledge, is the 


such criticism has taken tw’o directions. Of the 
one hand, H. A. Spoehr (1913), from experiments 
suggested by the fact that the morning aciditv 
of plant juices diminshes" or disappears o-n ex- 
posure to light, has shown that tbi' change is 
photochemical only, and may be independent of 
enzymes, the volatile products including form- 
aldehyde. Emil Baur {1908, 1910, and 1913) has 
urged the claims of oxalic acid to le regarded as 
the first product of assimilation, and shows how 
this may lead to the other plant-acids, giyccilic, 
malic, and citric, the first-named being a possible 
stepping-stone to the carbohydrates by resolution 
into formaldehyde (and formic acid), incidentally 
assuming towards malic and citric acids the re- 
lationship which glucose bears to starch. On the 
other hand, K. A. Hofmann and Sebum pelt {igi6) 
preceded by Bredig (1914), have attacked the 
hypothesis on the ground of kinetics, and imagine 
an electrolytic resolution of water under the in- 
fluence of light, which liberates oxygen and effects 
the reduction of carbon dioxide by^ hyxirogen to 
formaldehyde through formic acid. 

All these arguments have been weighed by 
WiilstS-tter and Stoll (1917)5 who dismiss 
them on comparing the volume of carbon 
dioxide absorbed by leaves with the correspond- 
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volume of ox\gcn liberated. They 
point out that this assimilatoirs' quotient, COo/O,, 
which should be unity in the case of formalde- 
hyde, becomes 1*33, 2 and 4 in the case of gly- 
col he, formic, and oxalic acids respectively. Pro- 
ceeding to determine this quotient experimentally, 
they found it to be unity, whether the temperature 
is io® of 35°, whether the atmosphere is rich in 
carbon dioxide or free from oxygen, and alike 
with ordinary' foliage or cactus. Furthermore, 
they found {1Q17I that whilst organic liquids hold- 
ing chlorophyll in solution do not absorb more 
carbon dioxide than the liquids themselves, this 
gas is absorbed much more freelv by chlorophyll 
hydrosols than b> other colloidal solutions, a 
maximum assimilation of two molecular propor- 
tions to one magnesium atom being reached, when 
ph^opliytin is piecipitated : — 
C5,HroO,X,Mg+2CO,-f2H,0 = 

C3,H,,0,X,+Mg(HC0,h- 

Prior to this change, which is the first stage 
appearing in a controlled disiuption of chloro- 
phyil-tf by mineral acids, there is produced an in- 
termediate compound resembling a hydrogen car- 
bonate in which the metal retains a partial grip 
on the nitrogen (see Fig 4}. 

It is suggested that leaf-green unites with carbon 


link between chemistry and their cherished 
blossoms, they being dimly aware that the in- 
gredients of some natural perfumes have been 
imitated in the laboratoiy. The circumstance 
that identical products of change are generated by 
the plant, however, and form but one section of 
the numberless chemical elaborations which pro- 
ceed before their eyes escapes them because it has 
been ordained that chemistry’ is to occupy a back- 
water in the flood of knowledge Let us hope 
that before another century has passed this 
additional charm to the solace of a garden may 
be made more generally accessible. 

Even to chemists it is only during the last de- 
cade that the mechanism of blossom-chemistry has 
been revealed. The subject has indeed excited 
their attention since an early period in the history 
of the organic branch, and the existing class name 
for blossom-pigments was first used b\ Marquart 
in 1835 to distinguish blue colouring-matters 
occurring in flowers. It is also interesting to us 
to notice that in the following year Dr. Hope, 
who presided over the birth of the Chemistry 
Section at the Edinburgh meeing in 1834, des- 
cribed experiments conducted with blossoms re- 
presenting many different orders, and devised a 
classification of the pigments which they contain. 
The recognition of glucosides amongst the antho- 


=N.C:cJ.N.cL 

I Mg + COj+ H2O 
=N.C:C'.C.If.C— 

I li 11 ' 

Fig. 4. 
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)■} Mg-O-COaH 
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dio.xide b\ similar mechanism, and that the action 
of light on the above compound transforms 
the carbonic acid into an isomeride having 
the nature of a peroxide such as per-formic 
acid, H CO.O.OH, or formaldehyde peroxide, 

HO.CHC I 


Afifhocyutiis^ the Pigments of Blossoms 
and Fruits. 

Since the days of Eden, gardens have main- 
tained and extended their silent appeal to the 
more gentle emotions of mankind. The subject 
possesses a literature, technical, philosophical, 
and romantic, at least as voluminous as that sur- 
rounding any other industrial art, and the am- 
bition ^ cultivate a patch of soil has attracted un- 
told million*; of human beings. Amongst manual 
workers none maintain a standard of orderly pro- 
cedure and patient industrv' higher than that of 
the gardener. Kew and La Mortola defy the 
power of word-painters to condense their soothing 
beauty into adequate language, whilst that 
wonderful triangle of cultivation which has its 
apex at Grasse almost might be described as in- 
dustry with a halo. 

To the countless host of flower-lovers, however, 
it is probable that Grasse is the only connecting- 


cyans appears to have been first made as redentiy 
as i8q 4, by Heise; about that period, also, it 
gradually became clear that the various colours 
assumed by flowers are not variations of a single 
substance common to all, but arise from a con- 
siderable number of non-nitrogenous pigments. 
Prior to igij, the most fruitful attempt to isolate 
a colouring-matter from blossoms in quantity 
sufficient for detailed examination had been made 
by Grafe (1911), but the conclusions to which it 
led were inaccurate. In the year mentioned, how- 
ever, Willstatter began to publish with numerous 
collaborators a series of investigations, extending 
over the next ihre^^years, which have brought the 
subject within the realm of systematic chemistry* 
For the purpose of distinguishing glucosidic and 
non-glucosidic anthocyans the names anthocyanin 
and anthocyanidin respectively were applied. 
The experimental separation of anthocyanins from 
anthocyanidins was effected by partition between 
amyl alcohol and dilute mineral acid, the latter 
retaining the diglucosidic anthocyanins in the 
form of oxonium salts and leaving the antho- 
cyanidins quantitatively in the amyl alcohol, from 
which they are not removed by further agitation 
with dilute acid; the monoglucosidic anthocyanins 
were found in mth media, but left the amyl alco- 
hol when offered portions of dilute acid 

(To be continaed). 
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rHE ACTION OF AMMONIUM HYDRATE 
UPON MERCUROUS CHLORIDE. 

By J. G. F. DRUCE, M Sc., A.LC. 

kViiEN ammoniuni hydrate is added to insoluble 
nercurous chloiide, the white solid is converted 
nto “black precipitate^^ of the formula NHaHggCi 
The equation representing this reaction is usually 
jiven as : — 

NH^OH+Hg,Cl, -NH,Hg,Cl-f H, 0 +HCL 

This suggests that on mixing the reactants, one 
>f which is neutral and the other is alkaline to 
ndicators, the resultant products should react 
cid. Actually, it is found that this is not the 
ase, and it was thought desirable to ascertain 
vhether the hydrochloric acid represented as being 
ormed was immediately neutralised by excess of 
immonium hydrate. 

This appears to be the correct view, since how- 
ever little of the alkali is used, only one-half of 
t is accounted for by the above equation, which 
mly represents an initial reaction. The hydro- 
hloric acid produced is only momentarily free; 
t is immediately neutralised by a second equiva- 
ent of ammonium hydrate. 

Quantitative experiments have been carried out 
o elucidate the nature of the reaction as follows. 

Mercurous chloride (0*942 grm.) was placed in 
. conical fiask of 200 cc. capacity, and shaken 
vith iQ cc. of water. 20 cc. of a normal solution 
►f ammonium hydrate were added, and the whole 
vas shaken, after inserting a stopper, and allowed 
o stand for 15 hours. The mixture still evolved 
he odour of ammonia, and was quickly filtered 
nto a graduated flask {200 cc.}, and the precipi- 
ate was washed several times with water. The 
'olume of filtrate and washings was made up to 
00 cc. 20 cc. were withdrawn and titrated 
gainst a decinormal solution of hydrochloric 
cid. This was repeated twice. . The 20 cc. of 
litrate required ; — 

EEpt. cc. ^ HCl 

1 ... 8*00 

2 TOO 

Thus the free ammonium hydrate in the total 
titrate was 0^556 grm. The -quantity actually 
aken was 0*700 grm., therefore 0*144 grm. was 
!sed in the course of the reswrtion. The amount 
f soluble chloride ions formed was estimated as 
oiiows : — 

20 cc. of the filtrate" made up to 200 cc. were 
^rithdrawn and boiled for 15 minutes to drive off 
11 free ammonia. The residual solution was 
ben titrated with a fiftieth normal solution of 
ilver nitrate, using potassiilifi chromate as indL 
ator. This was also repeated twice, and the 
oilowing results were obtained. 

Expt. cc. S AgNO, 

* 9*20 

2 ^ . 9*15 J 

3 ■ t 9-10 j 

Mean 9*15 ' j 


Thus there was 0*098 grm of ammonium 
chloride in the whole solution. 

These results are accurately expressed by the 
equation : — 

2 NH, 0 H-fHgXl,=:NIUHgXl + NH,Ci+H,0 

which requires that for 0*942 grm. of mercurous 
chloride, 0*140 gim. of ammonium hydrate should 
be used and 0*107 grm, of ammonium chloride 
should be obtained. 

A difference of opinion exists regarding the 
nature of the black precipitate NHjHgzCl. Some 
chemists consider it to be a mixture of uhite pre- 
cipitate, NHaHgCl and metallic mercury. If it 
is rubbed on to copper it does not amalgamate or 
perceptibly affect this metal. This is hardly to 
be expected if free mercury were present. Hence 
it seems more correct to regard the subtsance as 
a compound and not a mixture. 


CHEMICAL NOTICES FROM FOREIGN SOURCES. 


Cowptes Rendiis Hebaomanuires ties Scvanccs tie 

VAcademie des Sciences. Voi. clxxiii.. No. 7. 

“Influence of Temperature on the Viscosity of 
Normal Liquids.” — By M. Edm. van Aubel. 

“Dimensions of the Molecules of some Fatty 
Oils, and on some Phenomena of Molecular Solu- 
tions.” — By. M. Paul Woog. 

No 8, 

“Depolarisation of Light by Liquids Holding in 
Suspension Crystalline Particles.” — By M. St. 
Procopin. 

No. 9 

“Newton's Law and Einstein's Formula for the 
Perihelion of Planets.”-— By M. Gaston Bertrand. 


NOTES. 


The Registrar of the Institute of Chemistry* has 
directed attention to an erroneous statement in 
Part IV. of the Journal of the Institute, to the 
effect that Dr, P, C, C. Isherwood had been 
appointed to a Lectureship in the University of 
Cambridge. Dr. Enc K. Rideal is Humphrey 
Owen Jones Lecturer in Physical Chemistry*, and 
Dr. P. C. C. Isherwood is a Director of Messrs 
W. J, Bush ^ Co. LtfL 

A SCHEME is afloat for “fertilising the air” to en- 
courage plant growth. Experiments have been 
described by Dr, Gradenwitz, of Nqw Yprk. 
Various plants and vegetables were grown in m 
atmosi^ere artificially enriched with ^ tcarbonk 
acid, md it is staled 4hat an increased yield was 
obtained Pf spinach 130 per cent, potatoes iSo per 
cent, lupines 174 per cent, parsley too per cent 
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Much interesting work is said to have been done, 
and further particulars may be obtained from 
Messrs. Wiskemann Smith & Co. Ltd.. London, 
E.C.2. 

Messrs. Siemens Bros, & Co. have equipped 
an extensive factory for the production of ebonite. 
F rom an advance proof of a new catalogue which 
we have just received, it is evident that the firm 
are manufacturing ebonite in all the forms used 
in the arts, both in the rough as tube, sheet, and 
block, and also in innumerable forms as finished 
articles, from high tension insulators to the 
mouthpieces of pipes. They are also introducing 
a new high-class insulating material under the 
name of “Keramot,” which, judging from the 
claims made as its properties, is likely to find an 
extensive use in the electrical world. 

The Polytechnic, Regent Street, Lonbon. — 
A course in Electrical Engineering has been 
arranged for the coming Session under the direc- 
tion of Mr. Philip Kemp, M.Sc., Tech.M.I.E.E., 
and a competent staff. The courses, including 
Electrical engineering and subsidiary subjects, 
are arranged in various grades, and students are 
strongly recommended to avail themselves of 
these. In the first two years a student spends one 
evening per week in the Electrical Engineering 
Department, and two evenings per week in the 
succeeding years. At the close of the session 
examinations will be held in all stages, and 
students are expected to pass these examinations 
before proceeding to a more advanced class in the 
following year. Laboratory and home work are 
taken into consideration in determining a studenPs 
position. A silver medal may be awarded to the 
best student in the department, and bronze medals 
may be awarded to the best student in each year. 
Diplomas are awarded to students who have satis- 
factorily passed through the complete five year’s 
course (including subsidiar>^ subjects). Students 
are also prepar^ for the Final C. and G and 
A.M.LE.E. ^ Examinations. The Electrical 
Laboratory is well equipped with various types 
of modern machinery and apparatus. The plant 
includes D.C. motors and generators, alternators, 
A.C. motors of the synchronous, induction, and 
single-phase commutator types, rotary converters, 
transformers, and mercury arc rectifier — totalling 
about so machines. A wireless aerial is erected 
upon the roof of the building. The department 
possesses an Electrical Library which is available 
for the use of students during laboratory classes. 

Institute of Brewing.— The Research Com- 
mittee of this Institute (Brewers Hall, Addle 
Street, London, E.C.2) are cariydng out a series 
of investigations on hop grooving and preparation. 
Recently an invitation was given to a number of 
the more prominent hop growers to visit the Re- 
search Station and the Gardens of Messrs. Whit- 
bread, and a profitable day was spent in ex- 
amining ^e progress of the investigations. 
Messrs. Whitbread & Co. are erecting experi- 
mental kilns for systematic work on drying and 
preparation. Experiments are in progress with a 
view to studying the effect of varying tempera- 
tures with constant air current; variation air cur- 
rent with constant temperature; the influence of 


me moisture content of the hops; the effect of 
burning varying amounts of sulphur ; the effect of 
products of combustion of open fires, etc. The 
Secretary of the Institute is Mr. W. H, Bird, who 
will give any further information on the subject. 

Argentina State Railway Requirements. — A 
telegram from the Commercial Secretary tfe-His 
Majesty’s Legation at Buenos Aires states that the 
State Railways are inviting tenders for one year’s 
supply of he following : chemicals (close October 
17); paints and varnishes (close October 18); 
foundry materials (close October 19th) ; metals 
(close October 20th) ; electrical stores (close 
October 21); glass (close October 24). Tenders 
must be presented through a local agent, but it 
will be preferable to quote local merchants. A 
copy of the relative specifications cannot be ex- 
pected in the Department of Overseas Trade be- 
fore the arrival of the ordinary mail at the end 
of September. 

Calcutta Motor Show'. — H.M. Trade Com- 
missioner reports that, by the decision of the 
Motor Traders’ Association, the Calcutta Motor 
Show (to be held from December 19 to 24) will be 
open to ail except ex-enemy countries. 

Lemberg Fair. — With reference to the Lemberg 
Fair, preliminary notice of which was published 
in the Journal of July 7, the Department of Over- 
seas Trade is informed that the dates for the Fair 
have been fixed for September 25 to October 5. 
The classes of exhibits include machinery, iron 
work, technical supplies, oil industn*, metallurgy*, 
textiles, agricultural and agricultural implements, 
transport, furniture, building material, hides and 
leather goods, china, &c., paper, photography, 
sports goods, chemical gwds, lighting apparatus, 
food products, musical instruments, and propa- 
ganda. Enquiries regarding space, <&c., should be 
addressed to Targi Wschodnie (Eastern Fairs and 
Market, Ltd.), Lwow, Poland. 

An Exhibition Aft^oat. — According to present 
plans, a specially designed Exhibition Ship, under 
the title of British Industry ^ will set sail from the 
Thames in the summer of 1923, for the chief ports 
of the world. A company called the British Trade 
Ship, Ltd., has b^n formed, with registered 
offices at 12, Grosvenor Gardens, S.W. i, and a 
strong board assembled under the chairmanship 
of Earl Grey. Among the directors are the Vice- 
Chairman, Sir G. B. Hunter (Chairman of Messrs. 
Swan, Hunter & 'Co.), the Duke of Northumber- 
land, Commdr. R. W. Day, Major G. P. Denton, 
Sir Maxwell Hicks, Messrs. J. W. Beaumont 
Pease, Noel E. Peck, T. E. Thirlaway, and 
Edmund Hill (General Secretary of the Federa- 
tion of British Industries): The venture is likely 
to be of the greatest possible benefit to the export 
trade of the British Empire, and is bound to make 
a strong appeal to our merchants and manufa- 
turers. This British Trade Ship will be specially 
constructed for the purposes of an exhibition, and 
every detail of her equipment, from the engines 
to the fittings and furniture, will itself be an ex- 
hibit of British workmanship at its best. She will 
be as large as a first-class liner, having a gross 
tonnage of 20,000 tons, and in her internal 
arrangements will differ from any ship that has 
ever heen floated. The scheme of the Trade Ship 
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is a great advance on the old-time bagman pro- 
ceeding from town to town, and packing and re- 
packing his meagre samples at each halting place. 
A comparison between the tw'o methods will re- 
veal an enormous saving of time and cost. The 
arrival at each trade centre of the great white 
ship British Industry will be an event long looked 
forward to. At each port Reception Committees 
will have been formed in advance, whose duties it 
will be to make known the advent of the sea-borne 
Exhibition, to prepare lists of important firms and 
individuals, the description of the business in 
which they are interested, and all other informa- 
tion which may be useful. Fuller details concern- 
ing the Floating Exhibition are, we understand, 
to be available at the Shipbuilding, Engineering, 
and Machinery Exhibition at Olympia, which 
opened on September 7. 

Foreign Exhibitors at the Utrecht Fair.-— 
Great Britain — as may be seen from the figures 
quoted below — stands high in point of numbers 
in the list of foreign nations exhibiting at the 
Utrecht Fair, being placed second only to Ger- 
many, and having more than twice as many’ ex- 
hibitors as France. few more applications for 
space have been received since these figures were 
compiled, so that the final numbers will be 
slightly greater, but the relative proportion be- 
tw’een the different countries will probably remain 
as it is. It will be seen that there are rather more 
than half as many foreign as Dutch stall -holders. 



Direct 

Exhibiting through 


Exhibitors. Dutch Agents. 

Germany 

... 92 

64 

England 

... 47 

30 

Belgium 

... 31 

12 

France ... 

... 21 

10 

Switzerland 

... 8 

13 

America 

... 4 

... ... II 

Czecho-Slovakia 

... 7 

3 

Italy 

... 4 

3 

Austria 

... 4 

2 

Sweden 

2 

I 

Finland 

2 

0 

E. Africa 

I 

0 


— 

— 


223 

149 

Total Foreign Exhibitors . 

372 

Total Dutch Exhibitors 

706 

Grand Total 


107S 

or three adverse 

factors 

have been en- 


countered in securing the participation of the 
various European countries. The rate of exchange 
ruling with Holland makes exhibiting costs ex- 
tremely high even for Belgium and F ranoe ; while 
Austria, Italy, &c., are still more severely handi- 
capped. An Austrian firm, for instance, has to 
pay 100,000 kronen for a space which costs a 
Dutch firm only 500 fiorins, and an English firm 
j£ 45. The value of the £ sterling in Holland has 
changed so little that the price consideration is 
not such a serious one for the British exhibitor. 
The coal strike and the consequent disorganisa- 
tion of busmess made it, however, absolutely im- 
possible many firms to participate who would 
otherwise have done so. Th^ success or failure ! 
of the exhibition is naturally dejpendent upon the l 
results obtained. So far as exhibits go, the Fair 
Authorities have certainly ensured a variety of 


products which should prove extremely attractive 
to the buyer who wishes to make a comprehensive 
and comparative survey of what post-war Europe 
is making. 

Treatment of Phosphates by Calcination with 
A View to their Employment as Phosphatic 
Fertilisers. — ( i) Process (Wolter Phosphate). — 
At least 1200° C. 100 parts of phosphorite, 70 of 
acid soda sulphate, 20 of calcium carbonate ; 22 of 
sand, and 6 to 7 of carbon are melted. The pro- 
duct when cooled is broken up, dessicated and 
pulverised. (2) Process (D.R.P. 240875), — Crude 
phosphate is melted at 2000® C. until a test piece 
when cooled, pulverised, and treated with diluted 
SO4H3 coagulates albumen. (3) Process (D R.P. 
274409) (Phosphate Rhenania), — Phosphorites re- 
duced to fragments are mixed with siiico-potassic 
rocks, heated in special furnaces, without attain- 
ing melting point, until all hardens. (4) Process 
— Phosphatic substances are melted with a certain 
amount of lime and silica so as to obtain the com- 
bination sCaO.PaOjSiOj. (5) Process. — Crude 
phosphates are heated with CaCl* or MgCl^. The 
HCl liberated solubilises the phosphate. (6) Pro- 
cess (D.R.P. 258790). — Crude phosphate is melted 
with artificial silicates. The fused mass obtained 
is pulverised by aid of a current of steam. (7) 
Process. — Tetraphosphate (Italian invention) is 
obtained by calcination of finely pulverised phos- 
phates w’ith which 6 per cent alkalino-terreous 
carbonate is mixed. {8) Process. — The phosphoric 
acid of natural phosphates is made soluble in 
citrate by moderate heating with carbon, lime, 
wood, or petroleum. (9) Process (D.R.P. 715587). 
— Mixtures of phosphates of alumina are calcined 
at a temperature of at least 1150® C. with mag- 
nesia, in such proportion that a molecule of P,Os 
wilj^ correspond to four molecules of MgO. — 
Chimie et Industrie ^ July, 1921. 

Synthetic Acetic Acid. — ^The manufacture of 
acetic acid from acetylene, first accomplished by 
Berthelot, was yet in its infancy in 1914, but the 
effect of the war was to bring it within the field of 
industrial work. A history of this question and 
an account of the vario^ difficulties encountered 
in the employment of soentific methods are given 
I by M. Deschiens in Chimie et Iftdustrie of March, 

I April, and May. In conclusion, after mentioning 
the maximum normal productions of some syn- 
thetic acetic acid works, comparatively with those 
of acetic acid and lime acetate from pyroligneous 
systems, utilised in France and the United States, 
M. Deschiens remarks that the cost price of syn- 
thetic acid being now less, competition may be 
expected. However, some new applications are 
likely to absorb a production which will continue 
to increase, such as tho^ in the cellulose acetate 
industry; synthetic indigo, and manufacture of 
various pharmaceutic products. In spite of this 
increase, competition, no doubt, will come into 
play. In his report on carbonising wood, M. 
Deschiens remarks that synthetic acetic acid, al- 
most unlimited in production, will find its utiligja- 
tion subordinate to cost price. It seems probable 
that new works for manufacture of a more or less 
great quantity of synthetic acetic acid will them- 
selves utilise it and put acetic by-prodiKts in the 
market^ a procedure which cannoi fail ^ result 
in a crisis of prices , — GMe Civile July q, 1921. 
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NEW COMPANIES. 


NOTICES. 


The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C 2. 

CouRTiN AND Warker, LIMITED. — (176S08)— Registered August 
2Qtfa, 1921. 8, Harp Lane, E C. To carry on the business of 

Manufacturing Chemists Nominal Capital : £20,000 in 20,000 
Ordinary Shares of £z each. Directors: H. G. Warner, 28, Home- 
field Road, Wimbledon Common, S W , L E Courtin, Sili Lodge, 
Stonebridge Park, N.W.io. Qualification of Directors : 50 Shares. 

Burns (WESTHouGHTON)t Limited.— ( 176505)— Registered 

August 29th, 1931, Railway Works, Slack Lane, Westhoughton, 
Lancashire To carry on the business of Wholesale and Retail and 
Manufacturing Chemists Nommal Capital. £3,000 in 3,000 Shanes 
of £i each. Directors' Catherine Holt, 192, Chorley New 
Bolton; J. Lythgoe. 31, Park Aveuue, Sharpies Park, Bolton; E. 
Cutsforih, 69, Swan Lane, Bolton. Qualification of Directors 
£100. Remuneration of Directors: 50% of the net half-yearly 
profits. 

G. Clarkson, Limited.— (176498)— Registered August asTth, 1921. 
26, Wortley Lane, Leeds. To acquire and carry on the business of 
Pharmacy and Drug Store Proprietors Nominal Capita! : £200 in 
200 Shares of £t each Directors: G. Clarkson, 10, Alcester Road, 
Leeds ; Florence Clarkson, 10, Alcester Road, Leeds ; F. Lockwood, 
25, Station Road, Golcar, Near Huddersfield QuaUficalion 01 
Directors i Share. Remuneration of Directors : To be voted by | 
C^ompany. 

Rainbow Dyes, Limited. — (176517) — Registaced August !^th, 
1921 - To carry on the business of Dyers. Nominal Capital: 
£2,000 in 1,900 Shares of £r eaoh and 2,000 Shares of if- each. 
Directors: To be appointed by Subscribers. Remuneration of 
Directors • To be voted by Company in General Meeting. Sub- 
scribers: J. E. Stevens, 27, Tngon Road, Clapham, S W. ; R. 
Martin, Hawthorn Cottle, York Sqisare, Stepney, E.14. 

A. E, AsHav, Limited, — (i7fi533^Registered August 30th, 1921. 
it«, Woodhouse Street, Leeicfe, To carry on the business of 
Chemists and Druggists. Jfominal CaiMtal : £500 in 500 Shares of 
£r each. Directors • A E. Ashby, 105, Woodhouse Street, Leeds; 
Alice Ashby, 105, Woodhouse Street Leeds. Qualification of 
Directors: i Share. Remuneration of Directors; To be voted by 
Company in General Meeting. 



This List ts specially compiled for the CfumtcaJ News hy Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W C.2., from whom all information relating to Patents 
Trade Marks and Designs can be obtained gratuitously. * 

Latest Patent Applications. 

23436— Davies, J.— I^aying of magnesium cements on m>tallic 
surfaces. August 24. 

22381'^OeneraI Electric Co,, Ltd.— Manufacture of tungsten- 
August 23. 

23645— Hansford, J. B. — Manufacture of neutral sulphate of 
ammonia August 26. 

22270— Hoova: Co-— Process of recovering aluminium chloride 
from spent or partly-spent catalyzing agent. August 22. 

22281— Macullam, A D. — Denvatives of nitrophenylstibinic acid 
and process of preparing same, August 22. ’ 

23393 —Soc. I’Air Liquide Soc Anon, pour I’Etude et I’Esploitation 
des precedes, G Claude. — Synthesis of ammonia. August 

23. 

SpecijUation published thts Week. 

167941— British Cellulose and Chemical Manufacturing Co., Ltd 
BadCT, W. and Nightingale, D. A.— Manufacture of alkyl- 
atmaes aromatic suiphonic acids. 

Mi^srs. Rayner Se. Co., will obtain prmted copies of the 

published specifications and will forward on post free for the official 

price of r/- each. 


EDITORIAL.— All Literary communications and Books, Chemica 
Apparatus, Ac., for review or notice to be addressed to the 
Editor 

SUBSCRIPTIONS, 12s. per^ annum, payable in advance, should 
be addressed to the Manager. ^ 

BACK NUMBERS suod 70 LU 1 GSS oan be pmrdhased on application 
to he Manager,, 

THE CHEMICAI. HEWS, 

97, SHOf Lane, London, E.C.4. 

aIiertisehents. 

All Gommnnications for this Department should be ad- 
dressed to— 

T. G. SCOTT & SON, 

63. Lddgate Hill, London, E C.4. 


BATTERSEA POLYTECHNIC, 

LONDON, S.W.ll. 

Principal -.-ROBERT H. PICKARD, D.Sc., F.R.S. 
Head of Chemical Department.— J, KENYON, D.Sc., F.I C. 


Day and Evening Courses for London B.Sc. (Pass and Honours), in 
Chemist]^, Physics and Mathematics. 

Three or Four Year Day Courses m Pure Applied Chemistry, 
including Chemical Engineering. 

SPECIAL EVENING COURSES (LECTURES AND 
LABORATORY) IN CHEMISTRY. 

CHEMICAL ENGINEERING. Lectures. 1st year, Friday, 
7.15 to 8.16 Lectures 2 nd year, Friday, 8.30 to 9.30 Laboratory. 
Wednesday, 7 to 9 30 . H. Gnffiths, B.Sc., A.R.C S. 

BACTERIOLOGY. Tuesday, Wednesday and Friday, 7 to 9 30 . 

J. H. Johnston, M.Sc., F I.C 

ANALYSIS OF FOODS. Wednesday, 7 to 9 . 30 . J. H. John- 
ston, M Sc., F I.C. 

TESTING OF DISINFECTANTS. Tuesday, 7 to 9 30 . J. H. 
Johnston, M-Sc., F.I.C. 

ENZYME CHEMISTRY. Monday, 6.30 to 9 . 30 . S. S. Zilva, 
Ph.D. 

FLOUR MILLING. A. 1 st Year Course. (1) Flour Milling. 
Thursday, 7 to 8 . 30 . G. £. Smith. ( 2 ) Elementary Science as 
applied to Flour Milling. Thursday, $ to 7 . A. Houssa, B.Sc., 

A. I.e. ( 3 ) Machine Drawiiw, Friday, 7.30 to 9 30 , 

B. 2 nd Year Course. (I) Flour Milling. Wednesday, 7 to 8 30 
G. £. Smith, ( 2 ) Elementm^ Science as applied to Flour Milling 
Wednesday, 6 to 7 . A, Houssa, B.Sc., A. I.C. ( 3 ) Machine 
Drawing. Friday, 7.30 to 0 . 30 . 

OILS AND FATS. (About 28 Lectures). Tuesday, 7 15 to 9 . 45 . 
W. H. Simmons, B.Sc., F.I.C. 

LUBRICATING OILS AND GREASES. Friday, 7.15 to 9 45 . 
W. H. Simmons, B.Sc., F.I.C. 

PAPER MAKING. Monday, 7 15 to 9 45 . (1st term). R. Marx, 

B. Sc. 

PAPER TESTING. 1st year, Friday, 7.15 to 9 . 45 . 2nd year, , 
Wednesday, 7 to 9 . 30 . D. R. Davey. 

THE TECHNOLOGY OF FUELS. Friday, 7 to 9 . 30 . .4 

mencing October 14 th). A, R. Pearson, M.Sc. , 

ATOMIC WEIGHTS AND ISOTOPES. (4 Weekly L^amst ^ 
Wednesday, 5.45 to 6 . 45 . (Commencing October 12 th). Dr, F. W- 
Aston, F.R.S. 

Day Courses commence Tuesday, September 27 th. 

Evening Courses commence Monday, September ^th. 

Enrolment of Evening Students commences Tuesday, September 
90 th. 

Abridged Calendar gratis on application to the Principal. 


CITY OF LONDON COLLEGE, 

WHITE STREET AND ROPEMAKKR 
MOORFIELDS. E.C. 2 . 

MICHAELMAS TEEM COMMENCES 
SEPTEMBER 26 *. = 


PATENTS, TRADE MARKS. Handboo: 

i ^ advice tree— B. T. Kino, Britisli and U. S Regd. Patei 
Attorn^, 146 a, Q^een Victorii St., Lonion, 35 years referent 


LASSES and LabcMpatocy Wbrlcin Chemistry. 

Special Preparatioin fo«c tihe Examinations of the Pharma- 
ceutica} Society, Coenrses on Cofnmercial Products. Oils, 
Textiles, CereatSt Suip*, etc 

Full particubirs gratis on application to DAVID SAVAGE, 

Secretsiry, 
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Edinburgh, 1921. 

THE LABORATORY OF THE LIVING 
ORGANISM. 

Address Delivered before Section B 
(Chemistry) 

By M- O. Forster, D.Sc., F.R.S., President of 
the Section. 

(Concluded from p. 152). 


The earliest of these papers, published in con- 
junction with A. E. Everest, dealt with corn- 
flower pigments, and indicated that the distinct 
shades of colour presented by different parts of 
the flower are caused by various derivatives of one 
substance; thus the blue form is the potassium 
derivative of a violet compound which is conver- 
tible into the red form by oxonium salt-formation 
with a mineral or plant acid. Moreover, as found 


two alternative formulae 

O.Cl 0.01 

HO and HO 

OH CH OH CX 


in which X represents the substituted benzene ring 
which appears in the form of a phenolcarboxylic 
acid on hydrolysis. Later in the same year he 
confirmed (with Mallison) the former of these 
representations by reducing quercitin to cyanidin 
chloride (see Fig. 5} and (with Zechmeister) by 
effecting a complete synthesis of pelargonidin 
chloride 


OH CH 


from 2:4: 6-trihydroxybenzaldehyde. 

Everest reached the same conclusion by recog- 
nising the significance of the fact that a flavone, 
e.g,^ luteolin, and a flavonol, morin, yield 

red pigments on reduction ; he therefore reduced 
quercitrin (the rhamnpside of quercitin) to cyani- 
din, and nitin (the rbamnogiucoside of quercitin, 
and identical with osyritin, myrticolorin, and vio- 


OH CO 


OH 


0“ 


O.Cl OH 

OH CH .. 

S- 


^ FIG. 

in blossoms, the chromogen ?^as observed to be 
combined with two molecular proportions of 
glucose and was isolated as crystalline cyanin 
chloride; hydrolysis removed the sugar and 
gave cyanidin chloride, also crystalline. 
Applying these methods more generally, Will- 
statter and his other collaborators have ex- 
amined the chromogens which decorate the 
petals of rose, larkspur, hollyhock, geranium, 
salvia, chrysanthemum, gladiolus, ribes, tulip, 
zinnia^ pansy, petunia, poppy, and aster, 
whilst the fruitskins of whqjtleberry% bilberry, 
cranberry, and cherr\% plum grape, and sloe, 
have also been made to yield the pigment to 
which there characteristic appeaiance is due. 

The type of structural fotpnula by which the 
anthocyanidins are now represented was proposed 
in 1914, simultaneously 4 and independently by 
Willstatter and by Everest ; incidentally their 
separate memoirs afford an unusual example of 
synchronous publication, each having been com- 
municated to the respective academies on the same 
day, March 26. Willstfltter identified pfeloro- 
glucinol (i :3 : s-trihydroxybenzene) as a ccunmon 
product of hydrolysing^ , anthocyanidins with 
alkali, obtaining also ^^-kydroscybenzoic.acid from 
protcK:ateelMctc (3 : 4-dihydTbxyben- 
fram tyamidin,^^ and gallic (3 : 4: 
hydto^3^iixok) acid from delpfainidin. Aco®rd- 
ingly he suggested for the anthocyanidin chloridlesf 


laquercitrin) to cyanin. Moreover, be showed 
that the petals of many yellow flowers, e.g.^ daffo- 
dil, wallflower, tulip, crocus, primrose, 

and viola, or the white blossoms of narcissus, 
primula, a^d tulip alt^ yield red pigments on care- 
ful reduction, and m subsequent papers 
with A. J. Hall, 1921) has indicated reduction of 
yellow sap-pigments belonging to the flavonol 
group as representir^ the probable course of 
anthocyan-formation in plants. In this connection 
it is noteworthy that an association between the 
pigments of sap and of blossoms was adumbrated 
in i8s5 by Martens, who suggested that a faintly 
yellow substance in plant sap, when oxidised in 
presence of alkalis and light, produces the yellow 
pigments, and that these, by further oxidation, 
change into the red colouring-matters. Everest 
has shown that reduction is the process actually 
involved and that flavonol s are the precursors of 
anthocyans, not versa as suggested by other 
investigators; moreover, he found (191S} that 
"Black Knighf’ pet^s contain a giucoside of 
deiphinidin^ whilst the corresponding flavonol, 
myrksetin, is present in the sap, also as a gluco- 
side (see Fig. 6}. 

Hencfe it will be seen that pelargonidiii, cyani- 
din, delpbiBidiB, porr^ponding to ^ three siove- 
mentioned funda- 
mental in the group of lah^iocyan pig- 

and that are derh?pd from the three 

T " Y ; f 
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fiavonols, kaempferol, quercitin, and myricetin 
respectively. The variations upon these types 
which present themselves in blossoms are two- 
fold, due to (1) the number and position of en- 
trant methyl groups, and (2) the number and 
character of the aldose molecules which go to 
form their glucosides. Belonging to the_ fii*st 
group are peonidin (monomethylated cyanidin), 
ampelopsidin, myrtillidin, and petunidin {mono- 
methyiated deiphinidin) with malvidin and oeni- 
din (dimethylated deiphinidin). The second 
group arise from combination with glucose, galac- 
tose, or rhamnose, the greatest proportion of pig- 
ments occurring as mono- or diglucosides. Thus 
callistephin and saivinin are the mono- and di- 
glucoside of pelargonidin ; asterin and chrysan- 
themin are monoglucosides and idaein a galact(^ 
side of cyanidin, derived from which are the di- 
glucosides cyanin and mekocyanin, and the rham- 
noglucoside, keracyanin; violanin is a rhamno- 
glucoside of deiphinidin, whilst delphinin, when 
hydrolysed wdth hydrochloric acid, yields deiphin- 
idin chloride, glucose, and ^^-hydroxybenzoic acid 
in the molecular proportion, i * 2. 

Thus may the chemist find fresh delight in the 
hedgerow and the garden by reflecting on the pro- 
cesses which lead to the molecular structures lying 
well within his mental horizon, and adorning 
those familiar models with all the chromatic 
splendours of snapdragon, pansy, rose, and lark- 
spur. The gustatory and sesthetio thrill en- 
gendered in consuming summer pudding and cus- 
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emphasise in a forcible manner the intimate con- 
nection between different branches of science, be- 
cause it is from the mathematical physicist that 
these new ideas have sprung. Their immediate 
value is to reaffirm the outstanding importance of 
borderline research and to stimulate interest in 
submicroscopic matter. 

This interest presents itself to the chemist verv 
early in life and dominates his operations with 
such insistence as to become axiomatic. So much 
so that he regards the universe as a vast theatre 
in which atomic and molecular units assemble and 
interplay, the resulting patterns into which they 
fall depending on the physical conditions imposed 
by nature. This enables him to regard micro- 
organisms as co-practitioners of his ctaft, and the 
chemical achievements of these humb^ agete 
have continued to excite his admiration '^nce they 
were revealed by ^steur. The si^ years which 
have now elapsed are rich in contributions to that 
knowledge which comprises the science of micro- 
biochemistry, and in this province, as in so many 
others, we have to deplore the fact that the princi- 
pal advances have been made in countries other 
than our own. On this ground, fortified by the 
intimate relation of the science to a number of 
im^rtant industries, A. Chaston Chapman, in a 
series of illuminating and attractive Cantor 
Lectures in December, 1920, iterated his plea of 
the previous year for the foundation of a National 
Institute of Industrial Micro-biology, whilst H. E. 
Armstrong, in Birmingham a few weeks later, 
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tard is heightened by the soothing blend of egg- 
yolk lutein and the crimson contributed to the 
colour scheme by the raspberry and curraqt 
anthocyanins. 

Micro-Biochemistry. 

Amongst the many sources of pleasure to be 
found in contemplating the wonders of the uni- 
verse, and denied to those untrained in scientific 
principles, is an appreciation of infra-minute 
quantities of matter. It may be urged by ^ome 
, that within the limits of vision imposed by tele- 
scope and microscope, ample material exists to 
satisfy the curiosity of all reasonable people, but 
the appetite of scientific inquiry is insatiable, and 
chemistry alone, organic, inorganic, and physical, 
offers an instrument by which the investigation of 
basal changes may be carried to regions beyond 
those encompassed by the astronomer and the 
microscopist. 

It is not within the purpose of this address to 
survey that revolution which is now taking place 
in the con^ption of atomic structure; contribu- 
tions to this question will be made in our later 
proceedings and will be followed with deep in- 
- terest by all members of the Section, Fortunately 
for our mental balance, the discoveries of the cur- 
fent century, whilst profoundly modifying the 
atomic maagery inherited from our predecessors, 
have not yet seriously disturbed the principles 
underlying systematic organic chemistry ; but they 


addressed an appeal to the brewing indust^, 
w'hich, although taking the form of a memorial 
lecture, is endowed with many lively features de- 
picting in 'Characteristic form the manner in which 
the problems of brewing chemistry should, in his 
opinion, be attacked. 

Lamenting as we now do so bitterly the ^com- 
paniments and consequences of war, it is but 
natural to snatch at the slender compensations 
which it offers, and not the least among these 
must be recognised the stimulus which it gives to 
scientific inquiry. Pasteurs Etudes siir la Biere 
were inspired by the misfortunes which overtook 
his country in 1870-71, and the now well-known 
process of Connstein and Liidecke for augmenting 
the production of glycerol from glucose was en- 
gendered by parallel circumstances. That ac- 
quaintance with the yeast-cell which was an out- 
come of the former event had, by the time of the 
latter discovery, ripened into a firm friendship, 
and those who slander the chemical activities of 
this genial fungus are defaming a potential bene- 
factor. Equally culpable are those who ignore 
them. If children were encouraged to cherish the 
satne intflligent sympathy with yeast-cells which 
they so willingly display towards domestic 
animals and silkworms, perhaps there would be 
fewer crazy dervishes to deny us the moderate use 
of honest malt-liquws and unsophisticated wines, 
fewer pitiable maniacs to complicate our social 
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problems b5^ habitual excess. 

Exactly how the cell accomplishes its great ad- 
venture remains a puzzle, but many parts of the 
machinery have, already been recognised. Pro- 
ceeding from the discovery of zymase (1897), with 
passing reference to the support thus given by 
Buchner to Liebig^s view of fermentation. Chap- 
man emphasises the importance of contributions 
to the subject by Harden and W. J. Young, first 
revealing the dual nature of zymase and the dis- 
tinctive properties of its co-enzyme (1904), next in 
recognising the acceleration and total increase in 
fermentation produced by phosphates, consequent 
on the formation of a hexose-diphosphate (iqoS) : 

2 C*Hi 30 e+ 2 Na 2 HP 04 = 

2C03+2C,He0+CeH«04(P04Naj34-2H30. 

In this connection it will be remembered that a 

pentose-phosphate is common to the four nucleo- 

tides from which yeast nucleic acid is elaborated. 
The stimulating effect developed by phosphates 
would not be operative if the cell were not pro- 
vided with an instrument for hydrolysing the 
hexose-diphosphate as produced, and this is be- 
lieved by Harden to be supplied in the form of an 
enzyme, hexosephosphatase, the operation of 
which completes a cycle. As to the stages of dis- 
ruption which precede the appearance of alcohol 
and carbon dioxide, that marked by pyruvic acid 
is the one which is now most favoured. The 
transformation of pyruvic acid into acetaldehyde 
and carbon dioxide under the influence of 
a carboxylase, followed by the hydrogenation 
of aldehyde to alcohol, is a more accept- 
able course than any alternative based 
upon lactic acid. Moreover, Fembach and 
Schoen (1920) have confirmed their previous de- 

monstration (1914) of pyruvic acid formation by 
yeast during alcoholic fermentation. 

The strict definition of chemical tasks allotted 
to yeasts, moulds, and bacteria suggests an elabor- 
ate system of microbial trades-unionism. E. C. 
Grey (1918) found that Bacillus coli communis 
will, in presence of calcium carbonate, completely 
ferment* forty times its own weight of glucose in 
forty-eight hours, and later (1920) exhibited the 
threefold character of the changes involved which 
produce (i) lactic acid, (2) alcohol with acetic and 
succinic acids, (3) formic acid, carbon dioxide, 
and hydrogen. Still more recent extension of this 
inquiry by Gre>^ and E. G. Young (1921) has 
shown that the course of such changes will depend I 
on the previous experience of the microbe. 
its immediate past history is anaerobic, fermenta- 
tion under anaerobic conditions yields very little 
or no lactic acid, and greatly diminishes the pro- 
duction of succinic acid, whilst acetic acid 
apxiears in its place ; admission of oxygen during* 
fermentation increases the formation of lactic, 
acetic, and succinic acids, diminishes the forma- 
tion of hydrogen, carbon dioxide, and formic acid, 
but leaves the quantity of alcohol unchan^d. 
The well-known oxidising effect of Asfer^lus 
nigcr has been shown by J. N. Currie (1917) to 
proc^d in three stages marked by citric acid, 
oxalic acid, and carbon dioxide, whilst Wehmer 
{191S) has described the conditions under which 
cibdc acid and, pricpally , ^ fumaric acid are, pro- 
fumaricusj a mould al^ re^ 
qufring oxygen for its pmmsG. The |?etic bac- 
teria are a numerous Isunfly and resdrade |ho$e 
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producing acetic acid in their venerable record o 
service to mankind, whilst among the most inter 
esting of the parvenus are those responsible fo 
the conversion of starch into butyl alcohol an< 
acetone. Although preceded by Schardinge 
(1905), who discovered the abiliri^ of B. maceran 
to produce acetone with acetic and formic acids 
but does not appear to have pursued the matte 
further, the process associated with the name o 
A. Fernbach, and the various modifications whicl 
have been introduced during the past ten year' 
are those best known in this country, primarih 
because of the anticipated connection with syn 
thetic rubber, and latterly on account of the ace 
tone famine arising from the War. The King’s 
Lynn factory was resuscitated and arrangements 
had just been completed for adapting spirit dis 
tilleries to application of the process when, owin^ 
to the shortage of raw material in 1916, operations 
were transferred to Canada, and ultimately 
attained great success in the factory of British 
Acetones, Toronto. 

Much illuminating material is to be found in the 
literature of 1919-20 dealing with this question in 
its technological and bacteriological aspects. In- 
genuity has been displayed in attempting to ex- 
plain the chemical mechanism of the process, the 
net result of which is to produce roughly twice as 
much butyl alcc^ol as acetone. The fermenta- 
tion itself is preceded by saccharification of the 
starch, and in this lespect the bacteria resemble 
those moulds which have lately been brought into 
the technical operation of starch-conversion, 
especially in France. The amyloclastic property 
of certain moulds has been known from very early 
times, but its application to spirit manufacture 
is of recent grow^ and underlies the amylo- 
process which substitutes Mucor Boulard for malt 
in effecting saccharification. Further improve- 
ment on this procedure is claimed for B, meson- 
tericus which acts with great rapidity on grain 
which has been soaked in dilute alkali; it has 
the advantage of inferior proteolytic effect, thus 
diminiriiing the waste of nitrogenous matter in he 
raw matmdai. 

Reviewing all these circumstances we find that, 
just as the ranks of trades-union labour comprise 
every kind of handicraftsman, the practitioners 
of micro-biochemistry are divisible into producers 
hydrogen, carbon dioxide, formic acid, acet- 
aldehyde^ ethyl alcohol, acetic, oxalic, and 
fumaric acids, aceifone, dihydroxyacetone, gly- 
cerol pyruvic, lactic, succinic and citric acids, 
butyl alcohol, butyric acid. Exhibiting somewhat 
greater ela^kity in jeSpect of overlapping tasks, 
they nevertheless gb on strike if underfed or dis- 
satisfied with their cPnditons;; on the other hand, 
with sufficient nourishment and an agreeable 
temperature, these micro-trades-unionists display 
the unpsuai merit of working for 24 hours a day. 
One thing, hpwever. they have consistently re- 
fused to do. Following his comparison of 
natural and synthotk monosaccharides 
different families of yeast (1S94), Ffidmr 
others have attempted to beguile 
microbes of moieci|ies do 

not namonise wtA own asymmetry. 

been . ^aiftM^ered by 
skilled [ hm hitl^b the little 
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Photosynthesis, ' 

Beyond a placid acceptance of the more obvious 
benefits of sunshine, the great majority of 
educated people have no real conception of the 
sun^S contribution to their existence- What pro- 
'portion of those who daily use the metropolitan 
system of tube-railways^ for instance, could trace 
the connection between their progress and the 
sun? Very moderate instruction comprising the 
elements of chemistry and energy would enable 
most of us to apprehend this modem wonder, 
contemplation of which might help to alleviate 
the distresses and epcaspera^tio'n of the crush-hours. 

For many years past, the problem connected 
with solar influence which has most intrigued the 
chemist is to unfold the mechanism enabling 
green plants to assimilate ‘ nitrogen and carbon. 
Although atmospheric nitrogen has long been re- 
cognised as the ultimate supply of that element 
from whit^h phyto-protoplasm is constructed, 
modern investigation has indicated as necessary 
a stage involving association of combined nitrogen 
with the soil prior to absorption of nitrogen com- 
pounds by the roots, with or ^vithout bacterial co- 
operation. Concurrently, the agency by which 
green plants assimilate carbon is believed to be 
chlorophyll, operating under solar influence by 
some such mechanism as has been indicated in a 
preceding section. 

Somewhat revolutionary views on these two 
points have lately been expressed by Benjamin 
Moore, and require the strictest examination, not 
merely owing to the fundamental importance of 
an accurate solution being reached, but also on 
account of the stimulating and engaging manner 
in which he presents the problem. Unusual 
psychological features have been introduced. 
Moore’s “Biochemistry,” published three months 
ago, will be read attentively by many chemists, 
but the clarity of presentation and the happy 
sense of conviction which pervade its pages must 
not be allowed to deter independent inquirers 
from confirming or modifying his conclusions. 
The book assumes a novel biochemical aspect by 
describing the life-history of a research. The 
first two chapters, written before the experiments 
were begun, suggest the conditions in which the 
birth of life may have occurred, whilst their suc- 
cessors describe experiments which were c<m- 
ducted as a test of the speculations and are 
already receiving critical attention from others 
Baly, Heilbron and Barker, Tmnmctions of 
the Chemical Society^ 1921, p. 1025). 

It is with these experiments that we are, at the 
moment, most concerned. The earliest w^ere 
directed towards the synthesis of simple organic 
materials by a transformation of light energy 
under the influence of inorganic colloids, and in- 
dicated that formaldehyde is produced when car- 
bon dioxide passes into uranium or ferric 
hydroxide sols exposed to sunlight or the mercury 
arc lamp. Moore then declares that, although 
since the days of de Saussure {1804) chlorophyll 
has been regarded as the fundamental agent in the 
photosynthesis of living matter, there is no experi- 
mental evidence that the primary agent may not 
fee contained in the colourless part of the chloro- 
plast, chlorc^yll thus being the result of a later 
syn^Ietic stage. “The function of the chlorophyll 
may be a protective one to the chloroplast when 
exposed to light, it may be a light screen as has 


been suggested by Pringsheim, or it may be con- 
cerned in condensations and polymerisations sub- 
sequent to the first act of synthesis with produc- 
tion of formaldehyde” (p. 55). In this connection 
it is significant that chlorosis of green plants will 
follow a deficiency of iron even in presence of 
sunlight (Molisch, 1892), and that development of 
chlorophyll can be restored by supplying this de- 
ficiency, although iron is not a component of the 
chlorophyll molecule; moreover, grUen leaves 
etiolated by darkness and then expos^ to light re- 
gain their chlorophyll, which is therefore itself a 
product arising from photosynthesis. 

H, Thiele (1907) recorded the swift conversion 
of nitrate into nitrite by the rays from a mercury 
quartz lamp, whilst O. Baudisch {1910) observed 
that daylight effects the same change, and from, 
allied observations was led {1911) to ccmclude tha| 
assimilation of nitrate and nitrite by green plants 
is a photochemical process. Moore found (1918) 
that in solutions of nitrate undergoing this reduc- 
tion green leaves check the accumulation of 
nitrite, indicating their capacity to absorb the 
more active compound. Proceeding from the 
hypothesis that one of the organisms arising 
earliest in the course of evolution must have 
possessed, united in a single cell, the dual func- 
tion of assimilating both carbon and nitrogen, he 
inquired (igiS) whether the simplest unicellular 
algae may not also have this power. He satisfied 
himself that in absence of all sources of nitrogen 
excepting atmospheric, and in presence of carbon 
dioxide, the unicellular algse can fix nitrogen, 
grow and form proteins by transformation of light 
energy; the rate of growth is accelerated by the 
presence of nitrites or o.xides of nitrogen, the 
latter being supplied in gaseous form by the 
atmosphere. From experiments (1919) with green 
seaweed (Enteromor'pha comfressm\^ Moore con- 
cluded also that marine algae assimilate carbon 
from the bicarbonates of calcium and magnesium 
present in sea-water, which thereby increases in 
alkalinity, and further convinced himself that the 
only source of nitrogen available to such growth 
is the atmosphere. A description of these experi- 
ments, which were carried out in con j inaction with 
E. Whitley and T. A. Webster, has appeared also 
in the Proceeding of the Royal Society 1920 and 
1921. 

For the purpose <i>f distinguishing between (1) 
the obsolete view of a vital force disconnected 
with such forms of energy as are exhibited by non- 
living transformers and (2) the existence in living 
cells of only such energy forms as are encountered 
in non-living systems, Moore uses the expression 
“biotic energy” to represent that form of energy 
peculiar to living matter. “The conception, in 
brief, is that biotic energy is just as closely, and 
no more, related to the various forms of energy 
existing apart from life, as these are to one 
another, and that in presence of the proper and 
adapted energy transformer, the living cell, it is 
capable of being formed from or converted into 
various of these other forms of energy, the law 
of conservation of energy being obeyed in the pro- 
cess just as it would be if an exchange were 
taking place between any two or more of the in- 
organic forms” (p. 128). The most characteristic 
feature of biotic energy, distinguishing it from 
all other forms, is the power which it confers upon 
the specialised transformer to proliferate. 




British Association — Chemistry Section i6l 


Conclusion. 

In '-The Salvaging of Civilisation,” H. G. Wells 
has lately directed the attention of thoughtful 
people to the imperative need of reconstructing 
our outlook on life. Convinced that the state- 
motive which, throughout history, has intensified 
the self-motive must be replaced by a world- 
motive if the whole fabric of civilisation is not to 
crumble in ruins, he endeavours to substitute for 
a League of Nations the conception of a World 
State. In the judgment of many quite benevolent 
critics his essay in abstract thought lacks practical 
value because it underestimates the combative 
selfishness of individuals. Try to disguise it as 
one may, this quality is the one which has enabled 
man to emerge from savagery, to build up that 
most wonderful system of colonial organisation, 
the Roman Empire, and to shake off the barbaric 
lethargy which engulfed Europe in the centuries 
foliowung the fall of Rome. The real problem is 
how to harness this combative selfishness. To 
eradicate it seems impossible, and it has never 
been difficult to find glaring examples of its in- 
sistence among the apostles of eradication. Why 
cry for the moon ? Is it not wiser to recognise 
this quality as an inherent human characteristic, 
and whether we brand it as a vice or applaud it 
as a virtue endeavour to bend it to the elevation 
of mankind? For it could so be bent. Nature 
Ignored or misunderstood is the enemy of man : 
nature studied and controlled is his friend. If 
the attacking force of this combative selfishness 
could be directed, not towards the perpetuation of 
quarrels between different races of mankind, but 
against nature, a limitless field for patience, in- 
dustry, ingenuity, imagination, scholarship, 
aggressiveness, rivalry, and acquisitiveness would 
present itself; a field in which the disappointment 
of baffled effort would not need to seek revenge 
in the destruction of our fellpw-creatures ; a field 
in which the profit from successful enterprise 
would automatically spread through all the com- 
munities. Surely it is the nature-motive, as dis- 
tinct from the state-motive or the world-motive, 
which alone can salvage civilisation. 

Before long, as histoiy^ counts time, dire neces- 
sity will have impelled mankind to some such 
cour^. Already the straws are giving their pro- 
verbial indication. The demand for wheat by in- 
creasing populations, the rapidly diminishing 
supplies of timber, the wasteful ravages of insect 
pests, the less obvious, but more insidious depre- 
dations of our microscopic enemies, and the blood- 
curdling fact that a day must dawn when the last 
ton of coal and the last gallon of oil have been 
consumed, are all circumstances which, at present 
recognised by a small number of individuals com- 
prising the scientific community, must inevitably 
thrust themselves upon mankind collectively. In 
the campaign which ^ will then follow, chemistry 
must occupy a prominent plaice because it is this 
branch of science which deals with matter more 
intimately than any other, revealing its properties. 
Its tran formations, its application to existing 
needs, and its response to new demands. Yet the 
majority of our people are denied the elements of 
chemistry in their training, and thus grow to man- 
hood without the slightest real understanding of 
their hodtiy processes smd composition, of the 
wizardry by which tiding things contribrde to their 


nourishment and to their aesthetic enjoyment of 
life. 

It should not be impossible to bring into the gen- 
eral scheme of secondary education a sufiSciency of 
chemical, physical, mechanical, and biological 
principles to render every boy and girl of sixteen 
possessing average mtelligence at least accessible 
by an explanation of modern discoveries. One 
fallacy of the present system is to assume that re- 
lative proficiency in the inorganic branch must be 
attained before approaching organic chemistry. 
F rom the standpoint of correlating scholastic 
knowledge with the common experiences and con- 
tacts of daily life this is quite illogical, from 
baby's milk to grandpapa's Glaxo the most impor- 
tant things are organic, excepting water. Food 
(meat, carbohydrate, fat), clothes (cotton, silk, 
linen, wool), and shelter (wood) are organic, and 
the symbols for carbon, hydrogen, oxvgen, and 
nitrogen can be made the basis of skeleton lepre- 
sentations of many fundamental things which 
happen to us in our daily lives without first ex- 
plaining their position in the periodic table of all 
the elements. The curse of mankind is not 
labour, but waste; misdirection of time, of 
material, of opportunity, of humanitv 

Realisation of such an ideal would people the 
ordered communities with a public alive to the 
verities, as distinct from irrevelancies ol life, and 
apprehensive of the ultimate danger with which 
civilisation is threatened. It would inoculate 
that public with a germ of the nature-motive, pio- 
ducing a condition which would reflect itself ulti- 
mately upon those entrusted with government. 
It would provide the mental and sympathetic 
background upon which the future truthseeker 
must work, long before he is implored *^v a terrL 
fied and despairing ^ople to provide them with 
food and energy. Finally, it would give an un- 
suspected meaning and an unimagined grace to a 
hundred commonplace experiencec. The quiver- 
ing glint of massed bluebells in broken sunshine, 
the joyous’ radiance of young beech leaves against 
the stately cedai', the perfume of hawthorn in the 
twilight, the florid majesty of rhododendron, the 
fragrant simplicity of lilac, periodically gladden 
most careless teart and the least reverent spirit; 
but to the chemist they breathe an added message, 
the assurance that a new season of refreshment 
has dawned upon the world, and that those deli- 
cate syntheses, into the mystery of which it is hb 
happy privilege to penetrate, once again are work- 
ing their inimitable miracles in the laboratory of 
the living organism. 


THE TIME INTERVAL BETWEEN THE 
ABSORPTION AND EMISSION OF LIGHT 
IN CASES OF FLUORESCENCE.* 

By Prof. R. W. VyoOD, For.Mem.R,S. 

the case of mercury vapour, illuminated by the 
instantaneous flash of an aluminium sp^rk, it has 
been found that the vapour remains non-iuminn^ 
during the period of excitation and fipr. abowlt 
1/ 15000 sec. after^ subsequently bursting in' a 
flash of green flimr^ent light Tfc ^ 
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be the first observation of a fluorescent or phos- 
phorescent bod}" remaining dark during the period 
of illumination. Other substances have been ob- 
served with a new type of phosphoroscope which 
records the phenomena of phosphorescence to 
1/400000 sec. Nothing analogous in its behaviour 
to mercur}" vapour has been found up to the 
present time, however. 

It IS only freshly formed mercury vaix)ur which 
exhibits the phenomenon of fluorescence. No 
trace of visible luminescence is shown by mercury 
vapour at any density, or by any light stimulation, 
unless metalhc mercury is present and liberating 
nascent moIecule&. it is believed that these are 
diatomic w^hen they first leave the metal, subse- 
quently breaking up into monatomic molecules. 


APRICOT KERNEL OIL AND ITS 
CONGENERS. 

PossiBi£ Substitutes for Almond Oil. 

By CHAS. F. JURITZ, M.A.. D.Sc., 

Agncultural Research Chemist. 

Some >ears ago a correspondent of The Chemist 
and Druggist complained of the confusion caused 
by the similarity oi names assigned by the British 
Pharmacopoeia and its adjuncts to the various 
oils deriv^ from the almond, the apricot, and the 
peach. These names include : — 

1. Oleum amygdalae or Oleum amygdalae 

dtdcis : Almond oil, ox oil of sweet 
almonds. 

2. Oleum amygdalae amarae essenttale : 

Essential oil of bitter almonds. 

3. Oleum amygdalae fersicae ; Peach kernel 

(or apricot kernel) oil. 

4. Oleum amygdalae fersicae esseniiale : 

Essential oil of peach (or apricot) 
kernels. i 

Nos. 1 and 3 of the above are very similar to j 
each other in character and constitution. They ; 
are both fixed oils : that is to say, they are not 
capable of being distilled but decompose on the 
continued application of heat. They pre-exist as 
fixed oils in the seeds of the almonds, the i>each, 
and the apneot. 

Nos. 2 and 4 also bear considerable resemblance 
to one another, but differ greatly from Nos. 1 and 
3. They are both volatile essential oils, distilling 
readily at a conveniently low temperature. They 
do not occur naturally in apneot, peach, or 
almond kernels, but are formed only w"hen these 
kernels are subjected to special treatment. 

A short explanation may suffice to make the 
latter statement more clear. The kernels of the 
apricot and the peach, as well as bitter almonds, 
contain a nitrogenoi^ bitter principle, or gluco, 
side, called amygdalin. When acted on in a cer- 
tain way by dilute acids or by natural ferments, 
this bitter principle is broken up, and the volatile 
oil above spoken of is formed. Now it so happens 
that apricot and peach kernels, as well as 
almonds, both bitter and sweety contain a ferment 
known as emulsin, which consists of tw"o enzymes 
prunase and amygdalase. This ferment is 


capable of acting on amygdalin, producing what 
we know as the essential oil of bitter almonds, the 
amygdalin in the process taking up water and 
forming benzaldehyde and hydrocyanic acid. 

It follows then that from the seeds above re- 
ferred to we can obtain these two classes of oil, 
first obtaining the fixed oil by what is called cold 
expression, and then allowing the ferment to act 
freely on the oil-freed residue so as to produce 
the essential oil which is subsequently obtained by 
the process of distillation. 

Passing over from the geneial to the particular 
we may now take a veiy brief glance at each of 
these oils in turn. 

Almond OiL — Almond oil (Oleum amygdalae)^ 
as above stated, is a fixed oil. It is one of the 
non-drying class, and belongs to the olive oil 
group. It consists, when pure, mainly of olein, 
together with a little linolein and palmitin, but is 
free from stearin. It is almost water-white in 
colour and almost tasteless in flavour. The 
odour, too, is barely perceptible. It is obtained 
by cold expression from either the sweet or the 
bitter almond. Sweet almonds yield from 40 per 
cent to 45 per cent of this oil, and bitter almonds 
from 35 per cent to 38 per cent. It is usually pre- 
pared from bitter almonds, which are a cheaper 
source, especially as the residual cake after ex- 
pression of the fixed oil can be used for the pre- 
paration of the essential oil. 

According to Lewkowitsch the fixed oil so ob- 
tained does not easily turn rancid, as Allen says 
it does. Lewkowitsch also states that “oil of 
sweet Almonds, French,” is nothing else but 
apricot kernel oil, or a mixture of the latter with 
peach kernel oil. These are so closely related 
to almond oil that distinction between the two is 
very closely related to almond oil that distinction 
between the two is ver}" difficult. Almond oil is 
usually employed only in pharmacy, its high cost 
(4s. to 5s. per lb.) precluding its employment for 
other purposes. It has had, however, an exten-/ 
sive use medicinally as a demulcent, emollient, 
and laxative, serves well in cough-mixtures, and 
is said to be better adapted than olive oil for 
ointments and emulsions, producing a whiter 
ointment. It has, furthermore, found employment 
as a cosmetic and in soap manufacture. It is 
officially designated by the British Pharmacopoeia 
as a constituent of certain liniments, oils, and 
ointments. The positon in South Africa, it is 
understood, is that even for pharmaceutical pre- 
parations true almond oil is seldom used (on 
account of its high price), except in cases where 
its employment is imperative. Accordingly phar- 
macists have been turning their attention to the 
substitution of other oils. 

Peach Kernel Oil. — As already stated, apricot 
and peach kernel oils are ver\" similar to almond 
oil in character, and can, in most cases, be sub- 
stituted for the latter without detriment, and at 
less cost to the producer. They are obtained from 
apricot and peach kernels respectively by a pro- 
cess corresponding to that w'hereby almond oil is 
obtained from almonds. Peach kernels, thus 
treated, yield from 32 to 35 per cent of fixed oil. 
and its chief employment is as^a substitute for 
almond oil. Bieber, in fact, asserted that most 
of the almond oil of commerce [Oleum amygda- 
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lae) is really only peach kernel oil [Oleum amyg- 
dalae fersicae). Even the latter, however, is too 
high in price at 3s. per lb. to assure its general 
use, and hence, wherever possible, its place — in 
bouth Africa at least— has been taken mainh by 
pea-nut oil [Oleum arachis) for toilet articles and 
in other cases where the use of pea-nut or sesame 
oil is permissible. It may also be noted _ that the 
British Pharmacopuua expressly sanctions the 
substitution of arachis oil or sesame oil, but no 
other oil or fat^ for olive oil, in India and in the 
eastern, African, and Australasian divisons of the 
Empire in making such preparations as camphor- 
ated oil, lead plaster, resin ointment, and other 
liniments, plasters, ointments, and soaps, in which 
the use of olive oil is directed. 

Africot Kernel Oil. — It is possible that, if the 
price allowed, apricot kernel oil would be pre- 
ferred to pea-nut oil where the character of the 
oil employed is not subject to restrictions. The 
price of apricot kernel oil, however, is 3s. gd. per 
lb., while pea-nut oil is obtainable at is. yd. per 
ib.; so that, for the present, this substitution is 
out of the question. 

The oil may be obtained by crushing and grind- 
ing the entire seeds of the apricot — kernel and 
shell together — and then pressing for extraction 
of the oil. This extraction may be aided by the 
application of heat or the addition of water, or 
both. 

About fifteen years ago, Messrs. Stafford Alien 
& Sons, of Finsbury, London, who claimed to 
have been the first to introduce British-pressed 
oil of peach or apricot kernels, stated that the 
apricot (Prunus armeniaca) rather than the peach 
(Ajnygdalus ferska) had become the chief source 
of the oil, and they, thereforre, suggested that the 
confusion referred to at the commencement of the 
present article would be lessened by altering the 
name of peach (or apricot) kernel oil from Oleum 
amygdalae persicae to Oleum 'pruni armeniacae. 
Apricot kernels contain from 40 to 45 per cent of 
this fixed oil, which is used as an edible oil, in 
addition to replacing almond oil. 

Some nine months ago it was observed that the 
Wellington Preserving Co. was advertising foi 
sale large quantities of apricot stones. In order 
to ascertain the proportion of oil likely to be 
yielded by these stones and also the physical con- 
tents of such oil, and to compaie these with re- 
corded analyses of apricot kernel oil from else- 
where, a bag of these stones was veiy kindly sup- 
plied by the company at my request. The kernels 
were shelled and the oil, obtained both by cold 
expression at a pressure of two tons per square 
inch, and by ether extraction, w’as duly examined 
in this laboratory by Mr, W. J. Copenhagen. 

Laboratory Test of Africot Kernels. — The fol- 
lowing tables show the results arrived at : — 

Grins. 

Average weight of apricot stone 2-23 

Average weight of kernel 0*47 

Percentage of kernel in stone 21*35 


The kernels, freed from shell, were analysed, 
with the following percentage results ; — 


Moisture ... ... ... 

In'^Fresh 

Kernel 

7*08 

lo Dried 
Ken^ls. 

Ash 

3*10 

, 3 *S 4 

Proteins (Nx6*25) 

24*39 

26*25 

Oii 

^'1*28 



The following constants w'ere obtained on ex- 
amination of the oil ; — 

Specific gravity at 0*9211 

Saponification value ^79 o 

Acid value 1*83 

Refractive index at 40 C. (Z.B.R. 58*0) 1*4646 

Iodine value 112*0 

The percentages of oil above lecorded were 
obtained by ether extraction, but it is evident 
that cold expression would be a more suitable pro- 
cess, although yielding less oil. Apricot kernel 
oil, after having been pressed out and allowed to 
clarify by settling, is almost colourless, but 
gradually acquires a yellow colour. Its flavour 
is mild and pleasant. Messrs. Stafford Allen & 
Sons stated that peach kernel oil was originally 
imported into Britain from the Continent, and 
competed in price with true almond oil until its 
real nature was discovered [Chemist and 
Druggist^ Feb. ii, 1905, p. 257). They pointed 
out that while oil of peach or apricot kernels is a 
genuine article of its kind, and may be legiti- 
mately ernployed, its surreptitious substitution foi 
almond oil should be discountenanced. 

Constants of the Fixed Oils . — It may be w*ell, 
before passing over from the consideration of 
the fixed to the volatile oils, to quote some com- 
parative figures arrived at on examination of the 
fixed oils of the almond, peach, and apricot. 

The 1914 British Pharmacopceia lays down the 
following limits for almond oil : — 

Specific gravity 0*915 to 0*920 

Saponification value i88*o to 196*0 

Acid value under 6*o 

Refractive index (40® C.) ... 1*4624 to 1*4640 

Iodine value 93*0 to 100*0 

Andes (*‘Vegetabie Fats and Oils,"’ p. 139) quotes 
the following constants ; — 

Almond Oil, Apnoot Oil 
Specific gravity (15® C.) 0*917- 0*920 0*915 

Saponification value 1^7*9 -195*4 192*9 

Iodine value 90*4 loo’o 

Apricot kernel oil, according to Andes, sets at 
— 14° C., while almond oil sets only at —25® C. 

( — 20® C. according to the United States Dispen- 
satoiy). 

Comparing the fi.xed oil of almonds with that 
of pea-nuts, Fryer and Weston (^ils, Fats, and 
Waxes”) give the following averages : — 

Almond Oii Arachis Oil, 


Specific gravity {15*5" C.) ... 

0*918 

0*9175 

Acid value 

— 

10*0 

Saponification value 

192*0 

193*0 

Iodine value 

99*0 

90*0 

Refractive index (40® C., 

Z.B.R.) 

57*0 

55*5 

Solidifying point of fatty 

acids 

10*5 

28*5 


The maxima and minima iodine values, accord- 
ing to the same authors, are as follows : — 

Almond oil ... ... 98 — 100 

Peach oil ... ... ... "92 — ioq 

Apricot oil ... ioi — 108 

Roaers l^Elements of industrial Chemistrv^i 
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gives the following comparative table : — 

Almond Peach Kernel. 

Oil content of seed 45-55 p. cent 32-35 p. cent 
Specific gravity of oil o*9i75-o'Qip5 0'9i8o-o*92i5 

Refractive index ... r473i- 1*4713 

(15*5° C.) (15" C.) 

Iodine value . . . 100*7 92*3-100*3 

Lewkowitsch gives the following constants of 
apricot kernel oil. No. 2 being from Mogador, 
and No. 3 from Californian kernels : — 

I. 2. 3. 


Specific gravity* ... 

0*9200 

0*9172 

0*9: 

Saponification value 

192*4 

IqS*2 

190*3 

Acid value 

2*3 

2*8 

1*2 

Refractive index 




{40" C., Z.B.R.) 

5^*0 

570 

58*0 

Iodine value . . . . 

107*4 

107*9 

108*7 


The following comparative table is compiled 
from Allen’s “Commercial Organic Analysis” : — 
Almond Oil. Peach Oil. Apricot Oil. 

Specific grav- 
ity 15° to 

15*5“ C. 0*914-0*920 0*918-0*920 0*918-0*920 

Saponification . 

value ... 287-294 293-297 291 

Iodine value 93-201*9 92*5-99*7 100- 108 

The Essential Oils , — The volatile or essential 
oils, both of the bitter almond as well as of the 
peach or apricot {sweet almonds, it will be borne 
in mind, do not yield an essential oil), are de- 
rived from their respective sources by processes 
wholly different from, and subsequent to, those 
by which the fixed oils are obtained. It is only 
on treating with water the cake or marc remain- 
ing after expressing the fixed oil, leaving it to 
macerate for 24 hours or more, and then subject- 
ing the mash to distillation, that the volatile oils 
are obtained. This process, as indicated above, 
can be applied to either almonds, peach, or apri- 
cot kernels, for in all three cases the glucoside 
amygdalin and the ferment emulsin are present, 
and so benzaldehyde and hydrocyanic acid are 
foroed and distil over when heat is applied. 
Bitter almonds yield from 1 to 3 per cent of this 
essential oil. The South African apricot kernels 
yielded 0*5 per cent. 

In the case of apricots the residual cake has 
been used for feeding poultry and in the manu- 
facture of liqueur. 

The following are the characteristic constants 
of bitter essential) almond oil, with and 

without hydrocyanic acid, according to Parry 
(“Chemistry of Essential Oils”) : — 

« . . Contammg Acid, Freed from Acid. 

Specific gravity 1*045-1*070 1*049-1*055 

Refractive index ... 1*532-1*545 1*542-1*546 

High specific gravity usually indicates the pre- 
face of a large amount of hydroc>*anic acid, and 
hence a particularly poisonous oil. These essen- 
tia! oils are much used for flavouring purposes in 
ccmkery, and in order to enable them to be so used 
wiip safety, they are freed from the extremely 
poi^nous hydrocyanic acid (or prussic acid, as it 
^ called), whiqh is present in the dis- 
til leu essential oil to i;h« extent of about 5 or 6 
per cent, or 13 per cent according to the U.S. 
National Dispensatory. The purification of the 


essential oil is effected by redistilling it over 
ferrous hydroxide, that is to say, a mixture of 
lime and ferrous sulphate. So it comes about that 
two varieties of ^ the essential oils are on the 
market, one variety containing, and the other 
freed, from hydrocyanic acid. These two varie- 
ties must be most carefully distinguished from 
each other on account of the very poisonous 
character of the one. The bitter almond oil freed 
from hydrocyanic acid is known in the drug trade 
as “Essential Oil of Almonds, S,A.P.” {i.e,j sine 
acido ^7 ns sic 0). That containing the hydrocyanic 
acid is, on account of its fairly stable composition, 
regarded as one of the best forms in which that 
powerful drug can be administered. 

The benzaldehyde, which is the main constituent 
of the essential oil, gradually absorbs oxygen 
fiom the air and changes into benzoic acid, which 
in course of time appears as a crystalline deposit 
in the oil, and may accumulate to stich an ^ktent 
as to impart to the oil a semi-solid character. ’ 

Artificial oil of bitter almonds is simply benz- 
aldehyde prepared synthetically from the hydro- 
carbon toluene, one of the products of the des- 
tructive distillation of coal, hydrocyanic acid be- 
ing frequently added to bring it within pharma- 
copcea requinemen*:s. 

Essential oil of bitter almonds has been fre- 
quently adulterated with or even wholly replaced 
by synthetic benzaldehyde prepared from toluene. 
For this purpose toluene is oxidised, according to 
a German patent which has been successfully 
worked, by means of nickel or cobalt oxide. 
This synthetic oil is practically as good a flavour- 
ing as the genuine essential oil, but it oxidises 
more rapidly. 

In concluson, it w*ill be of interest to record 
that towards the close of last year a Rotterdam 
firm made inquiries in Souh Africa for apricot 
kernels, which they were prepared to purchase at 
£70 per ton. — The South African Journal of 
diistries. 


CHEMICAL RESEARCH FOR THE 
DEVELOPMENT OF INDUSTRIES IN 
INDIA.* 

By E. R. WATSON, M.A., D.Sc , 

Principal, Research Institute, United Provinces, Cawnpore 

Having recently been entrusted with the task of 
starting a research institute for the Government 
of the United Provinces, I have naturally been 
giving considerable attention to the question as to 
what chemical researches are likely to be most 
useful for the development of industries in that 
Province. And as I have been prevented by the 
circumstances of the case from doing much experi- 
mental work, I thought I could not do better, 
when I was asked to open a discussion at the 
Indian Science Congress on a chemical subject, 
than invite discussion on the same subject, widen- 
ing the field to the whole of India. At any rate, 
I feel sure that 1 am opening a discussion on a 
subject or group of subjects which is of great in- 
terest to many members, and I hope that I shall 

^An Address read at the Calcutta Meeting of the Indian Science 
Congress, on FelMruary i, 1921, 
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learn a great deal from the discussion which will 
follow. 

On attempting to answer the question I have 
proposed, viz., what chemical researches are most 
urgently required and most likely to lead to im- 
portant industrial developments in India, one 
feels that a somewhat wider question must first 
be tackled; namely, what industries involving 
chemistry are most capable of development or 
likely to develop in India. The two problems are 
not synonymous, as there may be industries 
involving chemistry which are capable of large 
and successful development in this country with- 
out the assistance of chemical research or with 
very little assistance. Again, this second question, 
as to what industries involving chemistry* are 
capable of development, is evidently part of a 
still wider question, viz., that of the industrial 
development of India as a whole. I do not in- 
tend rigidly to separate these different questions. 
My object is to promote useful discussion. 

I should like first to mention the chief contribu- 
tions which have already been made to this sub- 
ject, The United Provinces Government was 
early in the field, as in 1907 it considered the 
establishment of a technological institute at Cawn- 
pore, of which one of the mam functions was to 
be chemical research for the promotion of indus- 
tries : and in several otficial communications it 
gave its views as to what chemical researches were 
most urgently required and most likely to be 
useful. 

The Industrial Commission's report (1918) has 
a chapter on the deficiencies in Indian industries. 
It points out the order in w’hich industries have 
developed in other countries, viz., iron and steel 
manufacture first, then the production of textiles 
and similar goods by machinery', then the manu- 
facture of chemicals required in these large-scale 
industries. It points out India’s deficiency in iron 
and steel production which has retarded the 
proper development of many industries dependent 
on machinery. It says, ‘the incompleteness of 
our existing sy*stem of industries has been brought 
into prominent notice by the interference wdth in- 
dustrial supplies from overseas due to the war. 
This constitutes a serious natural danger, the ex- 
tent and gravity of which will be more clearly 
realised if we refer in detail to some of the more 
important manufactured materials or articles 
which are not at present made in India, although 
the basis for their production exists in the form of 
raw materials.” The following materials and 
articles axe then mentioned ; zinc, copper, tung- 
sten, and other ingredients of high-speed steels, 
chromium, graphite, thorium salts for incandes- 
cent mantles, caustic soda, benzol and related pro- 
ducts, rubber goods, tin plate, paper, drugs, dyes, 
essential oils. It is remarked that “in the absence 
of any means for producing from purely Indian 
sources, sulphuric, nitric, and hydrochloric acids 
and alkalis, our manufactures, actual or prospec- 
tive, of paper, diugs, matches, oils, explosives, 
disinfectants, dyes, and textiles are dependent 
upon imports which under war conditions might 
be cut off.” Yet “sources of raw materials for 
heavy chemicals are not deficient.” 

Drs Sudborough and Simongen have discussed 
chemical industries in the late Indian Munitions 
Board's Industrial Handbook <1919). They there 
laid down the general principle that in any 


attempts to foster the development of chemical in- 
dustries in India, attention should be directed, in 
the first instance, to industries which make use of 
the Indian-grown raw materials now exported to 
other countries. Included in these exports are (i) 
the raw materials from which important fixed oils 
and feeding cakes are manufactured; (2) the raw 
materials from which valuable essential oils and 
medicinal drugs are prepared; and (3) various 
mineral products, such as chrome, manganese, 
and zinc ores, wolfram, and monazite sands. It 
is, however, admitted that the proposition of 
making India an oil and oil-products exporting, 
rather than an oil-seeds exporting, country is not 
a simple one. In addition to such industries, it 
is recognised that the manufacture of heavy 
chemicals is a key mdustry or group of key in- 
dustries; and, as to their prospects, it is con- 
sidered, firstly, that the manufacture of sulphuric 
acid from zinc concentrates is promising ; secondly 
that sufficient nitric acid for some time to come 
can suitably be obtained from Indian nitre (the 
utilisation of atmospheric nitrogen is considered 
to be a proposition requiring careful considera- 
tion), and, thirdly, that it is doubtful whether 
sufficient soda to meet all Indian requirements 
can be obtained by the extraction of alkaline soils. 
The cost of the ammonia soda process w*ould 
probably be too heavy to permit of soda manu- 
factured by this process competing with imported 
carbonate in normal times. The electrolytic pro- 
duction of caustic soda and soda ash could only 
be made a success by utilising the bye-products, 
and Magadi soda is likely to be a dangerous com- 
petitor with the Indian manufactured article ; but, 
nevertheless, alkalis are so important that it may 
be necessary to protect their manufacture. It is 
considered essential to manufacture chlorine and 
bleaching powder in India. 

As to the manufacture of explosives, synthetic 
dyes, drugs, &c., from coal-tar, it is considered 
that the amounts of tar available in India at pre- 
sent are quite insufficient to start a large coal-tar 
industry, and that the only way to start such an 
industry would be to coke all suitable coal at the 
pithead. 

The manufacture of permanganates, chromates, 
and lead products, such as litharge, red lead, and 
white lead, are all considered to be eminently 
practical propositions. 

Wood distillation is regarded as rather a doubt- 
ful proposition, owing to the existence of large 
supplies of its produces and the low prices likely 
to prevail for some time after the W'ar, 

The Indian Munitions Board held a conference 
of chemists in 1918 and organised as far as pos- 
sible chemical research work on industrial prob- 
lems. Their list of chemical researches which 
have been taken up includes very little under the 
head of heavy chemicals; it includes a good many 
researches on Indian oils, such as neem^ niahva^ 
iil^ fish oils, the hardening of oils, the manufac- 
ture of glycerin and vi^rmshes, the utilisation of 
new Indian tanning materials and preparation of 
tanning extracts; the preparation and refinif^ of 
essential oils, such as rose, patchouli, retivert, 
lemon-grass, ciov^ cardamom ; the manufacture of 
strychnine, 5^ropiae, and caffeine, the manufac- 
ture of chromates, woo^-distillatkm, ap4 various 
problems which are not touched on in tln& chemi- 
cal industries article in the J^aadbook, such as 
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tbe manufacture of starch, alcohol, and glue. 

The Chemical Services Committee (1919-20) 
have expressed the opinion that India is deficient 
at present in raw materials for the production of 
organic chemicals from coal, but consider that 
there is an enormous field for the production of 
carbon compounds from vegetable products. The\ 
explain that the> do not only refer to such pro- 
ducts as oils from oil-oeeds, indigenous dyes, 
drugs, and essential oils, but consider that there 
IS a gieat held for the production of new products 
of greater economic value by the conveision of 
oiganic compounds present in Indian plants. 

From these references to what has alieady been 
said on the subject it is obvious that the subject 
can be looked at from several points of view. In 
the first place, it may be argued that, as India is 
essentially an agricultural country, exporting 
large quantites of agricultural products, the most 
obvious industrial development is to carry out in 
this country the processes to which those products 
are at present submitted on arrival at their des- 
tination. This argument recommends the press- 
ing of oil seeds, the manufacture of soap, gly- 
cerin, and varnishes, the tanning o-f hides and 
skins, the extraction of alkaloids and so on. In 
the second place, it may be argued that industries 
are bound to develop in all countries according 
to a definite sequence; iron and steel first, then 
machinery, then the textile and similar industries, 
and then the chemical industries to meet the re- 
quirements of these. In the third place, the great 
war has brought into prominence the disadvantage 
at which a country may be placed unless it is 
self-supporting as regards essentials, such as food 
and clothing and munitions of war. From this 
point of view it may be necessary for the State 
to protect and foster certain key industries. 

At first sight it appears as though these different 
arguments might lead to different recommenda- 
tions as to the chemical industries which should 
first be developed in India. If this is the case, 
It is obvious that there is something wrong with 
one or other of these general principles. But 1 
think I shall be able to show^ that when carried 
to a conclusion all the arguments lead to the same 
recommendations. My own employment during 
tbe war, when I had the pleasure of helping in 
the British manufacture of synthetic dyes, 
naturally makes me inclined to look on the prob- 
lem of Indian industrial development from the 
last point of view, V12., to see that key industriej 
are placed on a satisfactory footing. Fortunately, 
India is essentially self-contained as regards food- 
stuffs and textile fibres; but she is by no means 
self-contained as regards military requirements, 
such as explosives and synthetic dyes. This 
points to tbe desirability of establishing the coal- 
tar industry in this country; for it is from coal- 
tar that all countries obtain high explosives, their 
synthetic drugs and their synthetic dyes. The 
war has taught us how intimately inter-connected 
are the manufacture Of these three groups of 
chemical products. I find, however, that most 
chemists who have given their attention to the 
development of Indian industries discourage the 
idea of attempting the manufacture of explosives, 
drugs, and dyes from coal-tar. They say India 
does not produce sufi^cient tar ; the tar m deficient 
in the most valuable ingredieniU; it is doubtful 
whether England will succeed in manufacturing 


these products in the face of German competition, 
and so it would obviously be absurd for India to 
try. 

Let us take first the most obvious military neces- 
sity, VIZ,, explosives. WTiat quantity of explosives 
does India consume ? What quantity is she likely 
to require in the event of war How much does 
she manufacture at present and how much does 
she import I have not got any official returns 
as to production and consumption, but I calculate 
that India is pioducing less (probably far less) 
than 4000 tons of explosives annually, and im- 
porting less (probably far less) than 5000 tons. 
I have arrived at the figure for Indians production 
of explosives from the total consumption of 
nitrates and nitric acid in the country. The 
majority of the nitrates are tio doubt used as 
manures, so that my figure is the maximum pos- 
sible, which is probably many times greater than 
the actual. And Indians imports of explosives 
I have had to go by the figures for imports of ex- 
plosives as private merchandise flus total Govern- 
ment import of arms, ammunition, and military^ 
stores, excluding firearms. Here, again, my* 
figure is the outside limit which is probably far 
greater than the actual figure. But these figures 
are no higher than the most moderate estimate of 
India’s probable requirements in the case of war. 
Before the war England produced 18,000 tons of 
explosives annually. By 1916 the amoufit had 
risen to 200,000 tons, and by the end of the war 
to about 350,000 tons. As we are on the subject 
of coal-tar, let us consider first those explosives 
which are manufactured from coal-tar, high 
explosives, such as picric acid and T.N.T. 
Ammonium nitrate is also very important and can 
also be manufactured in connection with the coal- 
distillation industry. During the war England 
produced about 1,500 tons of picric acid and 
T.N.T. a week, as compared with 2500 tons of 
propellants, such as cordite, and 3000 tons of am- 
monium nitrate. As a most modest estimate, we 
may' assume that India should be able to produce 
4000 tons of picric acid and T.N.T. per annum, 
and might require many times that amount 

At present India makes about 500,000 tons of 
coke and 8000 tons of tar per annum. It is esti- 
mated that, if all the coke were manufactured in 
bye-product lecoveiing plants, about 16,000 tons 
of tar would become available. This is a low 
figure, based on a note prepared by Mr. W. J. 
Alcock for the Indian Munitions Board. I think 
it IS probably based on practice in the Bengal 
Iron and Steel Company’s coking plant. It i» 
well-known that the yield of tar depends very 
much on conditions of coking, so that too much 
importance should not be attached to the lou 
yield. But as the benzene and toluene content 
of tar is only about i per cent, we could not get 
more than 80 tons of benzene and toluene a year 
if all the tar at present produced were distilled 
for this purpose. The amounts of tar available 
in India under present conditions are obviously 
quite insufficient to produce all the explosives re- 
quired. But Drs, Sudborough and Simonsen 
estimate that, if scrubbing plant for recovering 
benzene and toluene from the coke-oven gases 
were introduced, an additional 2,000,000 gallons, 
or about io,ooo tons, of crude benzol could be 
obtained. With this quantity of crude benzol 
available, the manufacture of high explosives be- 
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comes a practical proposition. Drs. Sudborough 
and Simonsen’s estimate of 10,000 tons of crude 
benzol from plant producing 500,000 tons of coke 
is high, but, even during the war, the yield of 
crude benzol has been much increased by im- 
proved washing. According to the Proceedings of 
the Insiitiiie ^ Civil Engineers for March, 1918, 
i3*5lb, of benzene and toluene can be obtained 
from one ton of coal. Calculating from thn 
figure, plant producing 500,000 tons of coke could 
yield nine million pounds, or about one million 
gallons, of benzene and toluene. This quantity 
of benzene and toluene would suffice to produce 
the quantity of explosive which we calculated as 
Indians minimum safe production. In peace these 
hydrocarbons could be utilised largely for the 
production of dyestuffs. The Germans showed 
during the war the close connection between the 
manufacture of explosives and synthetic dyes and 
drugs. Plant used in peace time for manufac- 
turing dyes can readily be turned in war time to 
the production of explosives. Germany’s large 
dye manufacturing concerns were so employed 
during the war. India’s maximum annual im- 
portation of dyestuffs was 8000 tons. This is a 
figure of about the same order as her requirements 
in the way of explosives and her present product- 
ive capacity in the way of benzene and toluene 
from her coking operations. Her production of 
iron and steel is bound to increase. Her coal . 
resources have not yet been fully exploited and 
she already produces 20 million tons per annum. 
The amount of iron ore and other requisites for 
iroB and steel manufacture are unlimited. India 
produces at pr^ent about 250,000 tons of iron and 
steel and imports li million tons annually. If 
she produced only as much as she now requires 
the blast furnaces would consume at least li 
million tons of coke, and this would at once triple 
the possible production of benzene and toluene. 

My calculations may be wTong, but so far as 
benzene and toluene are concerned, I think India 
is in a sound position to undertake the manufac- 
ture of explosives, synthetic dyes, and drugs. 

Nor is India by any means dependent on her 
coking ovens for a sufficient supply of aromatic 
hydrocarbons to manufacture ail the explosives 
and synthetic dyes she may need. During the 
w^ar a good deal of attention was given to the pro- 
duction of these hydrocarbons from petroleum, 
and it is now recognised that this is a practical 
proposition. Ordinary scientific literature con- 
tains very little information on the subject. But 
in 1907 Jones smd Wootton pointed out in the 
Transactions of the Chemical Society that Borneo 
petroleum contains a considerable quantity of 
aromatic hydrocarbons, and we leaim from a paper 
in the Journal of the Society of Chemical Indus- 
1919, that a source of supply of toluene for 
British explosives was develop^ during the war 
fay the Asiatic Petroleum Co. from Borneo spiiit 
The third volume of the Society of Chemical in- 
dustries’ Annual Reports informs us that in Russia 
aromatic hydrocarbons for dyes and explosives 
have long been obtained by cracking petioleum 
oils. Nikiforoff took out patents on this subject 
in 188^, *^^7, iQOi, and 1902. In the United States 
of America, also, a great deal of' attention was paid 
during the war to the production of aromatic 
hydrocarbons by cracking petroleum. 
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Mention has already been made of the Chemical 
Services Committee’s suggestion that some of the 
numerous organic compounds produced so freely 
in the vegetable world in India could be subjected 
to a variety of chemical processes to yield a 
range of chemical products. Explosives and dyes 
might be produced in this uay, e.g.j tannins are 
produced in India in enormous quantities in 
barks, fruits, <Scc. Ordinary tannin or tannic acid 
IS converted quantitatively into gallic acid on 
hydrolysis. Gallic acid is said to be converted 
quantitatively into salicylic acid or benzoic acid 
by reduction with zinc dust and ammonia 
(Guignet, Biilletm de la Societe Chirnique^ (3), 
7,153). These substances might serve as starting- 
out materials for the preparation of explosives, 
dyes, &c. I do not wish to be more explicit at 
present, but I may say that experiments I have in 
hand have already shovrn that aromatic hydro- 
carbons, ample for India’s requirements in the 
way of explosives, dyes, and drugs, can be ob- 
tained conveniently and cheaply from indigenous 
materials other than coal distillation bye-products. 
I hope shortly to patent these methods of produc- 
tion and get them taken up on a large scale. 
Private firms of explosive manufacturers have 
already been considering the manufacture of high 
explosives in India. 

It may, how^ever, be argued that the successful 
manufacture of explosives, synthetic dyes, and 
drugs, requires not only a sufficient supply of 
cheap aromatic hydrocarbons but many other 
chemicals in considerable quantity, such as 
sulphuric acid, nitric acid, caustic soda, alcohol, 
wo^ spirit, formaldehyde, chlorine, nitrite, zinc, 
ammonia, &c., and that the want of these renders 
impracticable any proposition for manufacturing 
dyes and explosives in India. Let us consider 
these chemicals in detail. 

Sidphuric Acid, — ^The manufacture of this acid 
has up to the present been seriously handicapped 
by the absence of suitable sulphides for roasting, 
and imported sulphuric has been used. India’s 
present consumption of sulphuric acid is some- 
where between 10 and 40 thousand tons per 
annum. 

Owing to the importance both of sulphuric acid 
and zinc ‘the Government of India is interesting 
itself in the proposal to erect zinc-smelting works 
at Jamshedpur, where the zinc concentrates from 
Bawdwin in Burma will be dealt with and the 
spelter and sulphuric acid yielded made available 
to the Tata Iron and Steel Co. for their own pur- 
poses and for subsidiary companies. The plant, 
which it is proposed to erect with a loan from 
Government, will be capable of dealing with 
25,000 tons of zinc concentrates, and the estimated 
output is 10,000 tons of spelter per annum’’ 
(Cotton, *Tiandbook of Commercial Information 
for India,” p. 234) and 32,000 tons of sulphuric 
acid. The iron and steel industry requires large 
quantities of suli^unc iftcid for recovering am- 
monia from the c^ingf plant and for pickling; iron 
plate for galvgffiising and tinning. |fost 
coimtries consume very large quantities in the 
manufacture of superphosphates. There is no 
reason to fear that the prt^uction of suip^urie 
acid will exceed the d^pwind’ hnt k meet 

all requirements ibr some time, indumng re- 
quiremen^r tthe manufacture of expk^sives and 
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d3*es, I have no information as to the amount 
of zinc concentrate which may eventually become 
available. At present this scheme has a serious 
defect from the military point of view, as a 
blockade of the Bay of Bengal would cut off 
the supplies of zinc concentrates. A railway from 
Burma to India is in contemplation, but I do not 
know whether it is likely to be built immediately. 
It seems remarkable that it shoyld be necessar>^ to 
go over-seas, even as far as Burma, for sufficient 
suitable sulphur compounds for the manufacture 
of sulphuric acid. During the war the German 
Government is said to have subsidised heavily an 
enterprise for the manufacture of sulphuric acid 
from gypsum XJaitrnal Soc. Chem. Indus. ^ igib, 
1058*, IJ.S. Pat. 1197331, Sept. 5, 19161, and it is 
stated that sulphuric acid can be manufactured 
in any quantity by this process at the same cost as 
from imported pyrites. On consideration, it 
seems almost certain that in any count ly* the bulk 
of the element sulphur will he in the form of 
sulphates. Sulphides are essentially unstable 
compounds, and on weathering are converted with 
sulphates. It is certain that there are sufficient 
natural sulphates in India to supply all the sul- 
phuric acid likely to be required either now or in 
the future. I hope shortly to take out patents for 
the manufacture of sulphuric acid from readily 
available natural sulphates. 

Nitric Acid. — At present India exports about 
26,000 tons of nitre, consumes about 4000 tons, 
and imports about 1700 tons of Chili saltpetre. 
Her imports of nitric acid are negligible. With 
a sufficient supply of sulphuric acid there wnll 
be no difficulty about producing the nitric acid 
required for explosives and dyes. 

Caustic Soda. — The quantity of alkalis required 
for the manufacture of dyes and explosives is 
comparatively small, and Indians requirements 
in this respect could easily be met from the salts 
contained in alkaline soils. Drs. Sudborough and 
Simonsen’s remarks on the question of alkali 
manufacture have already been quoted at some 
length. That it is a key industry’ there can be 
no question. The present consumption of alkalis 
is comparatively small (35,000 tons of soda im- 
ported in 1917-18) but increased production of 
cotton goods and soap is bound to multiply many 
times the present demand for alkalis. An in- 
creased demand for cotton goods is one of the 
most certain results of India’s development, and, 
with an increase in the prc^uction of iron and 
steel and machiner\% there is no doubt that in- 
creasing quantities of cotton goods will be manu- 
factured in this countrv% The present value of 
cotton goods consumed per head of the population 
is Es.2-i2 per annum. There can be no doubt 
that this wdll be multiplied several times in the 
near future, and that the bulk of the goods will 
be manufactured in this countiy^ This will in- 
crease proportionately the demand for alkalis, 
which are used for scouring cotton goods. 

It is doubful whether it vrill be feasible to get 
all the alkalis required from ^kaline soils. Mr. 
Srivastava, Industrial Chemist to the United Pro- 
vinces Government, estimated that 5000 tons of 
soda ash per annum could easily be obtained from 
tek soils near Cawnpecc* There are large tracts 
of such soils in the United Provinces and the 
Funiab, and there would be no difficulty in manu- 


facturing all India’s alkali requirements from 
these soils if Mr. Srivastava’s estimate is correct. 
On the other hand, I hear that a recent survey by 
the Geological Department of the alkaline earths 
of Rajputana gave disappointing results, although 
these soils have generally been considered a more 
suitable source of soda than the soils of the 
United Provinces and the Punjab. Some more 
quantitative information about the alkaline soils 
of the United Provices and the Punjab is urgently 
required to decide the lines on wffiich this key in. 
dustry must develop. 

Alcohol. — As India is essentially an agricultural 
CDuntiy and exports large quantities of material, 
such as gram, which are used in the country of 
destination for the production of alcohol, there 
seems no reason to doubt that industrial alcohol 
could be successfully produced in India. Dr. 
Fowler's selection of 7nahita flow^ers as the most 
suitable starting-out material has been criticised, 
but I have not time at present to discuss his 
point. 

Wood Spirit^ Formaldehyde j and Acetic Acid . — 
I have already mentioned that the writers of the 
article on chemical industries in the late Indian 
Munitions Board's Handbook look on wood- 
distillation in India as a somewhat doubtful pro- 
position, on the ground that very large plants for 
wood -distillation were set up for war purposes and 
will flood the post-w'ar market with wood spirit 
and acetic acid at low prices. But these products 
are all dangerous chemicals, and shipping freights 
on them are very high, so that a comparatively 
small plant meeting India’s requirements w’ould 
possibly be a sound proposition, although manu- 
facture on a large scale for export might not be 
feasible. 

I hoi>e I have said enough to show that we do 
not really arrive at different conclusions by 
approaching from different points of view the 
problem of the development of India’s chemical 
industries. If we start wuth the idea that the first 
and most obvious thing to do is to work up our 
vegetable products to a certain extent before ex- 
port, we find that to do this we want cheap acid, 
alkalis, spirit, &c. If we start with the idea that 
there is only one possible sequence of develop- 
ment of industries which has been followed in all 
countries which have developed, and must be fol- 
lowed in all countries which are developing, viz., 
iron and steel manufacture first, then machinery^ 
then textiles, &c. , with chemical industries as 
hand-maidens called in as required, we find again 
that cheap acids and alkalis are the first chemical 
requirements, and the manufacture of explosives, 
dyes, and drugs, necessarily follo^vs for the 
utilization of by-products and to meet the require- 
ments of the textile industiy^ If -we start with the 
idea that first and foremost we must see that India’s 
miiitar> requirements are met so that she could 
withstand a blockade, then w'e decide that ex- 
plosives must be manufactured in the country 
from materials all available in the country. This 
leads again to the necessity for developing the 
iron and steel industry, for the manufacture of 
acids and alkalis, the utilisation of coking bye- 
products and the manufacture of dyes and drugs 
along with the explosives. 

I find that I have spoken chiefly about the 
development of chemical industries in India and 
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very little about chemical research for the de- 
velopment of industries. But that seems to me 
the proper way of looking at the subject. First 
let us decide what has to be done, and then let us 
see how chemical research may assist. At first 
it may seem that there is not much need for re- 
search to instal in India such well-known indus- 
tries as the manufacture of iron and steel, sul- 
phuric acid, alkalis, coking bye-products, &c. 
But my discussion of these problems has already 
suggested several researches, e.g., the question of 
the utilisation of sulphates for the manufacture 
of sulphuric acid, a survey of India's alkaline 
soils, and the possibility of finding other sources 
than coal-tar and coke-oven bye-products for the 
manufacture of aromatic compounds, such as 
explosives, dyes, and drugs. These are researches 
for the decision of most important and funda- 
mental questions. The establishment of any 
manufacture involving chemical reactions on a 
large scale is much assisted by chemical research. 

Problems are certain to arise from the fact that 
the materials available, or climatic conditions, or 
other factors, are different from those in the 
countries already carrying on these manufactures 
These are platitudes which the British find it hard 
to recognise, but which are, nevertheless, recog- 
nised to a greater extent than before the war. So 
far I have spoken of research in connection with 
the fundamental industries. For others which are 
not, perhaps, of such vital importance, there are 
any number of chemical problems appealing, per- 
haps, more strongly to the chemist, whose interests 
are primarily scientific, e.g.^ lac-dye is throwm 
away at the present time. Apparently the fast- 
ness to alkalies of its dyeings is not quite good 
enough to meet modern requirements, but it is an 
anthraquinone derivative, and so belongs to the 
same family as our most valuable mordant and 
vat dyes. Comparatively simple chemical treat- 
ment might convert it into a valuable dye. In 
Indian turpentine we have a cheap source of 
pinene in any quantity". The chemical relation- 
ship between the different members of the terpene 
group is very close, and it seems quite feasible 
to convert pinene into the unsaturated- open chain 
compounds which are the chief constituents of 
essential oils and perfumes. Amongst the vege- 
table products of India the organic chemist can 
find any number of problems of interest, and very 
likely of profit, — Journal of Indian Induslries 
and iMbour 


NEW BRITISH CHEMICAL STANDARDS 
(Analytically Standardised Samples). 


^OTHER new plain carbon steel is now ready for 
issue, viz., ‘*R,” which fills the vacancy in the 
series for a carbon standard between *1” (carbon 
o"52i per cent) and *SP' (carbon 0"Q2 i per cent). 
It is also intended to serve as a high manganese 
standard and a sulphur standard in high carbon 
steel. The analyses have been undertaken as 
usual by a number of experienced chemists repre- 
senting the following interests ; > British Govern- 
ment Dept ; U.S. Bureau of Standards; Referee 
Analysts, independent; Railway Analysts, repre- 
senting users issuing specifications; Works 
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Analysts, representing makers and users. 

The standard figures are as follows : — 

Carbon Steel 

Carbon (combustion) 0*786 

Carbon (colorimetric) 0*790 

Silicon 0*22* 

Sulphur, total by oxidation 0*053 

Sulphur, evolved as sulphide .. 0*050 

Phosphorus 0*058* 

Manganese 0*914 

Arsenic 0*03* 

Copper 0*02* 

Ni, Cr, W, Mo ... None detected by 
qualitative tests. 

* Approximate. 

The standards may be obtained in 500, 100, or 
50 grm. bottles, either direct fiom Organising 
Headquarters, 3, Wilson Street, Middlesbrough ; 
or through any of the leading laboratory fur- 
nishers at a price just sufficient to cover the cost, 
A certificate giving the names of the analysts co- 
operating, the types of methods used, and a de- 
tailed list of the results will be supplied with each 
bottle. 


NOTICES OF BOOKS. 


Technical Methods of Analysis, Edited by Roger 
Castle Griffin. First Edition. Pp. xv.-f 
666. London : McGraw’-Hill Book Co. Inc. 
Price 33s. 

This book contains a comprehensive selection of 
practical methods of analysis which have, with a 
few exceptions, been tested and adopted in the 
laboratories of Arthur D. Little, Inc., one of the 
best-known firms of consulting chemists in the 
United States. 

Some of the methods described are original, but 
most of them are already well-known, many of 
these, however, have been more or less modified 
in the light of experience gained through many 
years of practice. After dealing w*ith the methods 
of preparation and the strengths of reagents, volu- 
metric solutions and indicators, there follow 
chapters on the analysis of inorganic and organic 
materials of a general nature. These are followed 
by chapters each dealing with a special class of 
materials such as metals, fuels, paints, oils, wood 
and paper, textiles, and foodstuffs. 

Miscellaneous analyses include such materials 
as case-hardening compounds, metal polishes, and 
road-making materials. 

Analyses of drugs, alkaloids, minerals, &c,, 
which are generally dealt with by specialists in 
these particular branches of chemistry are not in- 
cluded in the book, which is intended for those 
engaged more in the general run of work in a 
commercial laboratory. 

The methods are described in a direct and 
practical manner, no attempt having been made 
to prove their accuracy by means of experimental 
data nor to eixplain the theory of the procedure. 

The book is coanpleled by a series of anaisrtical 
tables newly calcinated from the igao inter- 
nattonal Atomic Weighty «and a ©o*od by^liqgrainiy 
of books and pam^felets which has been iound to 
be of great m the laboratory^. ^ 
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F undamental Prmci'ples of Organic Chemistry, 

By Charles Moureu, Member of the Institute 
and of the Academy of Medicine, Professor 
at the College de France. Authorised trans- 
lation from the Sixth French Edition by 
Walter T. K. Braunholtz, B.A., A.I.C, 
With an introduction bv Sir WILLIAM J, Pope, 
K.B.E., F.R.S. London: G. Bell & Sons, 
Sons, Ltd. Price 12s. 6d. net. 

In the introduction by Sir William Pope, it is 
stated that the student who desires an intelligent 
acciuamance with Organic Chemistry must be so 
steeped in the various modes of presentation of the 
subject, guiding principles become an instinct 
with him, and that bias toward the adoption of 
any specific classificatory system disappears. For 
this reason the translation of the work of Prof. 
Moureu, who is one of the foremost of French 
organic chemists, will be welcomed by English 
students. 

The wmrk of the author has been fully appre- 
ciated in France, having run into six editions 
within a very" short time. The translator draws 
attention to the fact hat he has very closely fol- 
lowed he sixth edition, except in the mater of 
nomenclature, substituting the English system for 
that of the Geneva Congress, which is largely used 
in the original. The authors method of teaching 
and his individuality is by no means lost in the 
translation. 

In spite of the magnitude of the subject, the 
work is encompassed in less than 400 pages, and 
is well printed by William Clow^es & Co. 

CORRESMDENCE. 

THE BATTLE OF~JUTLAND FILM. 

To the Editor of the Chemical News, 

Sir, — A number of cinema proprietors, who are 
about to show above picture, are desirous of en- 
gaging the services of Jutland survivors who are 
willing to speak to the film when it is being ex- 
hibited. As proprietors of the picture in question, 
we are prepared to make a register of all such 
men, if they will be good enough to send us their 
names and addresses as well as their -rank and 
the name of their ship. We wdli put them in 
touch, in each case, with the nearest cinemas 
showing the picture. 

As this is the only means we have of reaching 
the survivors /if the Battle, we shall esteem it a 
great favour if you would be so good as to grant 
us the courtesy of your columns. — I am, &:c., 

H. Rowson, 

Managing Director, Ideal Films, Ltd. 


NOTES. 


^ Faraday Society. — A. General Discussion on 
‘'“Catalysis with special reference to New^er 
Theories^ of Chemical Action’’ will be held under 
the auspices of the Faraday Society, on Wednes- 
day, _ September 28, at the Institution of Electrical 
Engineers, Victoria^ Embankment, W'.C.a, The 
Discussion will be divided into two parts : Part I. 
begmning at 4.30 p.m., will deal with the “Radia- 
tion Theory of Chemical Action,” and it will be 
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opened by Prof. J. Perrin, of Paris. The second 
portion of the Discusson will concern itself with 
“Heterogeneous Reactions,” and it will be opened 
by Prof. Irving Langmuir, Chief Research 
Chemist to the General Electric Company, U.S.A. 
It is expected that Prof. xArrheniiis and Prof. 
Victor Henri will also be present, and among 
crthers who will contribute to the DisGiission are 
Prof. E. C. C. Baly, Prof. F. G. Donnan, Prof 
W. C. McC. Lewis, Prof. A, Lindemann, Prof. 
A. W. Porter, and Dr. E. K, Rideal. Fellow’s 
of the Chemical Society are invited to attend this 
meeting Others interested in the subject may 
obtain tickets of admission from the Secretary of 
the Faradav Societv, 10, Essex Street, London, 
W.C.2. 

Northampton Polytechnic Institute. — The 
new session in the evening courses and classes 
wdll start on September 26, and the day courses 
and classes a w’eek later. The entrance examina- 
tions for the latter will be held on the 27th and 
28th instants. Last session marked the resump- 
tion of full work in all departments of the Poly- 
technic on the conclusion of the w^ar. The enrol- 
ments being more numerous, in all courses and 
classes than in any pre-war session, many appli- 
cants for evening wmrk had to be placed on the 
waiting lists. It may now' be taken that all the 
classes are in their full pre-w^ar stride, only more 
so. Veiw' substantial additions were made to the 
equipment during the last session, owing to a 
liberal grant of the London County Council. 
During the disturbance caused by the war, the 
equipment could not be kept up to its usual high 
and up-to-date standard, and although it cannot 
be said that in all directions the well-knowm 
character of the equipment has been resumed, a 
very good start has been made in supplying the 
deficiencies, both in the engineering departments 
proper, but more especially in the department of 
optical engineering, and applied optics. A further 
grant has been made by the London County 
Council, which will be expended during the cur- 
rent session in dealing wfith the most urgent needs. 

X-Rays in Industry — A correspondent of the 
Manchester Guardian Commercial in this wreck’s 
issue refers to the use of X-rays in industry. He 
says the public know little of the manner in 
which Rontgen rays were made use of during the 
w'ar in locating hidden defects in materials used 
for imix>rtant purposes, such as the building of 
aeroplanes. At the moment industrial radiology 
is young, and care must be taken not to claim for 
it too much at such an early stage. Nevertheless, 
it has already shown that its possibilities outside 
the range of surgical applications are boundless, 
and for that reason the establishment of an Insti- 
tute of Radiology in London is a project w'hich 
deserves every possible support. 

Mr. S. Horwood Tucker, M. Sc. , has been 
appointed to the Lectureship in Organic Chemis- 
try in the University of Glasgow^ 

Safeguarding of Industries Act.— I n accord- 
ance with Section 7 of the Safeguarding of Indus- 
tries Act, the President of the Board of Trade has 
aopointed the following gentlemen to be members 
of the permanent panel from w’hich Committees, 
consisting of five persons, wfill he selected from 
time to time to consider^ and report upon com- 
plaints, referred to them I)y the Bboard under Part 
II, (Prevention of Dumping) of the Act Sir W. 


Correspondence 
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M. Acworth, J. Arthur Aiton, Esq., C.B.E., Sir 
William Ashie>, Arthur Balfour, Esq., J.P., Sir 
George S, Barnes, K.C.B., K.C.S.L, Sir John N. 
Barran, Bt , J. T. Brownlie, Esq., Sir Cecil L. 
Budd, K.B.E., Sir James C. Calder, C.B.E , Dr. 

J. H. Clapham, O.B.E., T P. Cook, Esq., F. R. 
Davenport, Esq., A. K. Davies, Esq,, F. P 
Donzzi, Esq., Rajner Goddard, Esq., Sir E. C. 

K. Conner, K.B.E., Sir George R. Lowndes, 
K.C.S.L, K.C., Pi of D. H. Macgregor, Stanley 
Machin, Esq., J.P., G. A, Moore, Esq., J. W 
Murray, Esq., D.L., Sir Douglas Newton, 
K.B.E,, Owen Parker, Esq., C.B.E , J.P., R. G. 
Perry, Esq., C.B.E., Arthur Pugh, Ebq., Sir 
R. Henry Rew, K.C.B., C. A. Russell, Esq., K.C., 
Arthur Shaw, Esq., Sir Charles Stewart, K.B.E,. 
Sir Edwin F*. Stockton, J.P., H. L. Symonds, 
Esq., Gilbert C. Vyle, Esq., Sir Frank Warner, 
K.B.E. 

Prickly-Pear Fruit. — The tuna, or prickly-pear 
fruit, is said to contain on an average about 10 
per cent of sugar directly and completely ferment- 
able into alcohol, and according to investigations 
carred on in the New Mexico College of Agricul- 
ture, a yield of 10 tons of fruit per acre was esti- 
mated, but the difficulty in the way of practical 
application was the lack of some economic method 
of collecting the fruit. Hand-picking is not con- 
sidered sufficiently expeditious, and a machine 
for collecting large yields of fruit from small 
areas was looked upon as essential. The amount 
of sugar in the fruit may vary from s to 15 per 
cents mainly in the form of reducing-sugar (dex- 
trose),* It has been found that fruit which con- 
tained 7 per cent of sugar in August (U.S.A.) in- 
creased its sugar-content within a month to 12 
per cent. The theoretical yield of alcohol from 
too kilogrms, of dextrose is 51*1 kilogrms., corre- 
sponding to 64*4 litres, so that 10 tons of prickly- i 
pear tunas, carrying 10 per cent of sugar, would | 
yield 10221b., or 128 gallons from one acre. 
Those who carried on the above investigation 
reckoned that the cost of producing alcohol from 
prickly-pear tunas would not exceed 7id. per 
gallon in a distillery producing 500 gallons of go 
per cent alcohol "per 24 hours. Estimating the 
cost of such a distillery at something over >£3000, 
with a 10-years^ hfe-period, its annual cost was 
put down as ;£625. A 60-day season would result 
in 30,000 gallons of go per cent alcohol, deprecia- 
tion and interest being allowed for at 5d. per 
gallon of alcohol. For such a factory, assuming 
loolb. of fruit to produce $ 16 . of alcohol, 2100 
tons of fruit would be needed during a twu-months 
season, that is to say, the harvest of about 200 
acres. From the above it would appear that be- 
tween 140 and isoib. of the tunas would yield 
i gallon of alcohol : at is. 8d. per gallon, i short 
ton of fruit would, therefore, be worth about 22s. 
for alcohol production. if i5olb. produce 1 
gallon at the above price, about 8id. would be 
available to pay for every loolb. of fruit and for 
manufacturer's profits. If the fruit cost 7ld. per 
lOolb., the fermentation of 2100 tons in 60 days 
would yield a profit of £14$ i6s. 8d. over and 
above the 10 per cent interest on the investment. 
A yield of 10 tons of tunas, if sold at /id. per 
loolb,, would brjqg in £6 5s. per acre, which is 
considered to be: a return for otherwise 

worthless land, and entailing little or no pultiva- 
tion. . ^ 
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My predecessor in office a year ago reminded you 
that the theoretical researches of Einstein and 
Weyl suggest that not merely the material uni- 
verse^ but space itself is finite^ As to the prob- 
abilities, I do not wish to express an opinion; but 
the statement is significant of the extent of the 
revolution in the conceptions and fundamental 
principles of physics now in progress. That space 
need not be infinite has, I believe, long been re- 
cognised by geometricians, and appropriate 
geometries to meet its possible limitations have 
been devised by ingenious mathematicians. I 
doubt, however, whether these inventive gentle- 
men ever dreamed that their schemes held any 
objective validity such as would assist the 
astronomer and the physicist in understanding 
and classifying material phenomena. It is not 
certain that they will ; but the possibility is 
definite. Apart from this, the whole development 
of relativity is an extraordinary triumph for pure 
mathematics. Had Einstein not found his entire 
calculus ready to hand, owing to the purely 
mathematical work of Chnstoffei, Riemann, and 
others, it seems certain that the development of 
generalised relativity would have been much 
slower. It is a pleasure to be able to acknowledge 
this indebtedness of physics and astronomy to pure 
mathematics. 

Relativity is the revolutionary movement in 
physics which has caught the public eye, jierhaps 
because it deals with familiar conceptions in a 
manner which for the most part is found 
pleasantly incomprehensible. But it is only one 
of a fiumber of revolutionary changes of compar- 
able magnitude. Among these we have to place 
the advent of the quantum, the significance of 
which I hope we shall thoroughly discuss early 
next week. The various consequences of the 
electronic structure of matter are still unfolding 
themselves to us, and are increasing our insight 
into the most varied phenomena at a rate which 
must have appeared incredible only a few decades 
.ago. 

The enormous and far-reaching importance of 
the discoveries being made at Cambridge by Sir 
Ernest Rutherford c^mnot lie over-emphasised. 
These epoch-making disco venes relate to the 
structure and properties of the nuclei of atoms. 
At the . present time we havq^ 1 think, to accept 
it as a fact that the atoms consist of a j^itively 
charged nucleus of minute size, surrounded at a 


fairh respectful distance by the number of elec 
trons requisite to maintain the structure electri 
calh neutral. The nucleus contains ail but about 
one-two-thousandth parf of the mass of the atom, 
and its electric charge is numerically equal to that 
of the negative electron multiplied by what is 
called the atomic number of the atom, the atomic 
number being the number which is obtained 
'when the chemical elements are enumerated in 
the order of the atomic weights ; thus hydro- 
gen =1, helium = 2, lithium =3, and so on. Con- 
sequently the number of external electrons in the 
atom is also equal to the atomic number. The 
evidence, derived from many distinct and dis- 
similar lines of enquiry, which makes it necessary’ 
to accept the foregoing statements as facts, will 
be familiar to members of this Section of the 
British Association, which has continually been 
in the forefront of contemporaiy^ advances in 
physical science. But I would remind you in 
passing that one of the important pieces of evi- 
dence was supplied by Prof. Barkla^s researches 
on the scattering of X-rays by light atoms. 

The diameters of the nuclei of the atoms are 
comparable with one-millionth of one-millionth 
part of a centimetre, and the problem of finding 
what lies within the interior of such structure 
seems at first sight almost hopeless. It is to this 
problem which Rutherford has addressed himself 
by the direct method of bombarding the nuclei of 
the different atoms with the equally minute high- 
velocity heiium nuclei (alpha-particles) given off 
by radioactive substances, and examining the 
tracks of any other particles which may be gener- 
ated as a result of the impact A careful and 
critical examination of the results shows that 
hydrogen nuclei are thus expelled from the nuclei 
of a number of atoms such as nitrogen and phos- 
phorus. On the other band, oxygen and carbon 
do not eject hydrogen under these circumstances, 
although there is evidence in the case of oxygen 
and nitrogen of the expulsion of other sub-nuclei 
whose precise structure is a matter for further 
inquiry. . 

The artificial transmutation of the chemical 
elements is thus an established fact. The natural 
transmutation has, of course, been familiar for 
some years to student of radioactivity. The 
philosopher’s stone, onfe' of the alleged chimeras 
of the mediaeval alchemists, is thus within our 
reach. But this is only part of the story. It 
appears that in some cases the kinetic energy of 
the ejected fragments is greater than that of the 
bombarding particles. This means that these 
bombardmens are able to release the energy which 
is stored in the nuclei of atoms. Now, we know 
from the amount of heat liberated in radioactive 
disintegration that the amount of energy stored 
in the nuclei is of a higher order of magnitude 
altogether^ some of times greater, in fact, 

than that generated by any chemical reaction such 
as the combustion of coal. In this comparison, 
of course j it is the an^ount of energy per unit mass 
of reactmg or disintegrating matter whidb is 
under consideration. The amounts of ^lergy 
which have thus far been released by altificl^l 
dkintegration of the nuclei are in thwselves 
small, but they are in liridi 

the minute amounts of matter If these 

effects can hb, sulSciently intenshM, there appeal 
^ be two iKissibililies. Either they will prove 
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uncontrollable, ’which would presumably spell the 
end of all things, or they will not. (To reassure 
the nervous I would, however, inteiiDolate the 
comforting thought that this planet has held con- 
siderable quantities of radioactive matter for a 
verj" long time without anything very" serious 
happening so far as we know.) If they can be 
both intensified and controlled, then we shall have 
at our disposal an almost illimitable supply of 
pow'er which will entirely transcend anything 
hitherto knowm. It is too earlv yet to say whether 
the necessary’ conditions are capable of being 
realised in practice, but I see no elements in the 
problem ’which ’W'ould justify us in denying the 
possiSiility of this. It may be that we are at the 
beginning of a new age, which will be referred to 
as the age of sub-atomic power. We cannot say; 
time alone ’iviil tell. 

Thermionic Emission. 

With your permission, I will now descend a 
little way from the summit of Mount Olympus, 
and devote the rest of my address to a sober re- 
view of the present state of some of the questions 
with which my own thoughts have been more par- 
ticularly occupied. At the Manchester meeting 
of the Association in 1915, I had the privilege of 
opening a discussion on thermionic emission — 
that is to say, the emission of electrons and ions 
by incandescent bodies, I recall that the opinion 
was expressed by some of the shakers that these 
phenomena had a chemical origin. That view, I 
venture to think, is one which would find very few 
supporters now. It is not that any new body of 
fact has arisen in the meantime. The important 
facts were ail established before that time, but 
were insufficiently appreciated, and their 
decisiveness was inadequately realised. 

It may be worth while to revert for a moment to 
the issues in that controversy, a 1 read 5’ moribund in 
because it has been closely paralleled by 
similar controversies relating to two other groups 
of phenomena — ^namely, photoelectric emission 
and contact electromotive force — which, as we 
shall see, are intimately connected with ther- 
mionic emission. The issue was not as to whether 
thermionic emission may be looked upon simply 
as a type of chemical reaction. Such an issue 
would have been largely a matter of nomencla- 
ture. , Thermiemic electron emission has many 
features in common with a typical reversible 
chemical reaction such as the dissociation of cal- 
cium carbonate into lime and carbon dioxide. 
There is a good deal to be said for the point of 
view wrhich regards thermionic emission as an 
Example of the simplest kind of reversible chemi- 
cal namely, that kind which consists in 

the di^s&ciation of a neutral atom into a positive 
residue and a negative electron, inasmuch as we 
know that the negative electron is one of the 
really fundamental elements out of which matter ; 
is built up. The issue in debate was, however, 
of a different character. It w'as suggested that the 
phenomenon was not primarily an emission of 
electrons from the metallic or other source, but 
'was a secondary’ phenomenon, a kind of by- 
product of an action which was primarily a chemL 
cal reaction between the source of electrons and 
some other material substance such as the highly 
attenuated gaseous atmosphere which surrounded 
it. This suggestion carried with it either im- 
plicitly ^ explicitly the view that the source of 


power behind the emission was not the thermal 
energy of the source, but was the chemical energ> 
of the postulated reactions. 

This tvpe of view’ has never had any success in 
elucidating the phenomena, and I do not feel it 
necessary at this date to weary you with a recital 
of the facts which run entirely counter to it, and, 
in fact, definitely exclude it as a possibility They 
have been set forth at length elsewhere on more 
than one occasion. I shall take it to be 
established that the phenomenon is physical in its 
origin and reversible in its operation. 

Establishing the primary’ character of the 
phenomenon does not, however/ determine its 
nature or its immediate cause. Originally I re- 
garded it as simply kinetic, a manifestation of the 
fact that as the temperature rose the kinetic 
energy of some of the electrons would begin to 
exceed the work bf the forces by which tboy are 
attracted to the “parent substance. With this 
statement, there is, I think, no room for anyone to 
quarrel, but it is permissible to inquire how the 
escaping electrons obtain the necessary’ energy. 
One answer is that the electrons have it already" 
in the interior of the substance by virtue of their 
energy’ of thermal agitation. But thermal agita- 
tions now appear less simple than they used to 
be regarded, and in any event they do not exhaust 
the possibilities. 

We know that w’hen light of short enough wave- 
length falls on matter it causes the ejection of 
electrons from it — the so-called photo-electric 
effect. Since the formula for the radiation 
emitted by a body at any given temperature con- 
tains every wave-length without limitation, there 
must be some emission of electrons from an incan- 
descent body as the result of the photoelectric 
effect of its own luminosity. Two questions ob- 
viously put themselves. Will this photoelectric 
emission caused by the whole spectrum of the hot 
body vary as the temperature of the incandescent 
body is raised in the way -which is known to 
characterise thennionic emission ? A straight- 
forward thermodynamic caluculation shows that 
this is to be expected .from the tbeoretical stand- 
point, and the anticipation has been confirmed by 
the experiments of Prof. W, Wiisqn. Thus the 
autophotoelectric emission has the correct be- 
haviour to account for the thennionic emission. 
The other question is : Is it large enough ? This 
is a question of fact. I have considered the data 
very" carefully. There is a little uncertainty in 
some of the items, but when every ano’rt"ance is 
made there seems no escapee from the conclusion 
that the photoelectric effect of the whole spectrum 
is far too small to account for thermionic 
emission. 

This question is an important one, apart from 
the particular case of thermionic emission. The 
same dilemma is met with when we seek for the 
actual modus of standi of evaporation, chemical 
action, and a number of other phenomena. These, 
so far as we know, might be fundamentally either 
kinetic or photochemical or a mixture of both. In 
my judgment the last alternative is the most prob- 
able. {I am using the term photochemical here 
in the w’ide ^nse of an effect of light in changing 
the composition of matter, whether the parts 
affected are atoms, groups of atoms, ions, or 
electrons.) For example, the approximation about 
boiling points known as Trouton’s rule is a fairly 
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obvious deduction from the photochemical stand- 
point, The photochemical point of view has 
recently beeii put very strongly by Perrin, who 
would make it the entire motif of all chemical re- 
action, as well as of radioactivity and changes of 
state. In view of the rather minor part it seems 
to play in thermionic emission, where one would 
a friori have expected light to be especially effec- 
tive, this is probably claiming too much for it, but 
the chemical evidence contains one item which is 
certainly difficult to comprehend from the kinetic 
standpoint The speed of chemical decomposition 
ot certain gases is independent of their volume, 
showing that the decomposition is not due to mole- 
cular collisions. ^ The speed does, however, in- 
crease very rapidly with rising temperature 
What the increased temperature can do except 
increase the number and intensity of the col- 
lisions, factors wffiich the independence of volume 
at constant temperature show to be without effect, 
and increase the amount of radiation received by 
the molecules, is not too obvious It seems, how- 
ever, that, according to calculations by Langmuir 
{Joiirn, Am, Cheni, Soc.^ 1920, xiii., 21Q0), the 
radiation theory does not get us out of this diffi- 
culty; for, just as in the ordinary’ photoelectric 
case, there is nothing like enough radiation to 
account for the observed effects. It seems that in 
the case of these mono-molecular reactions the 
phenomena cannot be accounted for either by 
simple collisions, or by radiation, or by a mixture 
of both, and it is necessary to fail back on the 
internal structure of the decomposing molecule. 
This complex enough to afford material suffi- 
cient to cover the possibilities; but, from the 
standpoint of the temperature energy relations of 
its parts, it cannot at present be regarded as much 
more than a field for speculation. 

Contact Electricity, 

A controversy about the nature of. the contact 
potential difference between two metals, similar 
to that to which 1 have referred in connection with 
thermionic emission, has existed for over a cen- 
tury. In 17Q2 Volta wrote : *‘The metals , . . can 
by themselves, and of their own proper virtue, 
excite and dislodge the electric fluid from its state 
of rest.^^ The contrary position that the electrical 
manifestations are inseparably connected with 
chemical action was developed a few years later 
by Fabroni. Since that time electrical investiga- 
tors have been fairly evenly divided between these 
two opposing camps. Among the supporters of 
the intrinsic or contact view of the type of Volta, 
we may recall Davy, Helmholtz, and Kelvin. On 
the other side we have to place Maxwell, Lodge, 
and Ostwald. In 1862 we find Lord Kelvin 
("Papers on Electrostatics and Magnetism,” p. 
318) writing : "For nearly two years I have felt 
quite sure that the proper explanation of voltaic 
action in the common voltaic arrangement is very 
near Volta's, w'hich fell into discredit because 
Volta or his followers neglected the principle of 
the conservation of force.” On the other hand, in 
i8(^, we find Ostwald \Elektochemie Jhre Ges^ 
ckichie imd Lekre^ Leipzig, p. 65), referring 
to Volta's views as the origin of the most far- 
reaching error in electrochemistry, which the 
greatest part of the scientific work in that domain 
has been occupied in fighting almost ever since. 
These are cited merely as representative specie 
mens of the opinions of the protagonists. 


Now, there is a close connection between ther- 
mionic emission and contact potential difference, 
and I believe that a study of thermionic emission 
is going to settle this little dispute. In fact, I 
rather think it has already settled it, but before 
going into that matter I would like to explain how 
it is that there is a connection between thermionic 
emission and contact potential difference, and 
what the nature of that connection is. 

Imagine a vacuous enclosure, either impervious 
to heat or maintained at a constant temperature. 
Let the enclosure contain two different electron- 
emitting bodies, A and B. Let one of these, say 
A, have the power of emitting electrons faster 
than the other, B. Since they are each receiving 
as well as emitting electrons, A will acquire a 
positive and B a negative charge under these cir- 
cumstances. Owing to these opposite charges, A 
and B will now' attract each other, and useful 
work can be obtained by letting them come in con- 
tact. After the charges on A and B have been 
discharged by bringing them in contact, let the 
bodies be quickly separated and moved* to their 
original positions. This need involve no expendi- 
ture of work, as the charges arising from the elec- 
tron emission will not have had time to develop. 
After the charges have had time to develop the 
bodies can again be permitted to move together 
under their mutual attraction, and so the cycle 
can be continued an indefinite number of times. 
In this way we have succeeded in imagining a 
device which will convert ail the heat energy from 
a source at a unifdrm temperature into useful 
work. 

Now, the existence of such a device would con- 
travene the second law of thermodynamics. We 
are, therefore, compelled either to deny the prin- 
ciples of thermodynamics or to admit that there is 
some fallacy as to the pretended facts in the fore- 
going argument. We do not need to hesitate be- 
tween these alternatives, and we need only look 
to see how’ the alleged behaviour of A and B will 
need to be modified in order that no useful work 
may appear. There are two alternatives. Either 
A and B necessarily" emit equal numbers (which 
may include the particular value zero) of elec- 
*trons at all temperatures, or the charges which 
develop owing to the unequal rate of emission are 
not discharged, even to the slightest degree, when 
the two bodies are placed in contact 

The first alternative is definitely excluded by 
the experimental evidence, so I shall proceed to 
interpret the second. It means that bodies have 
natural states of electrification whereby they be- 
come charged to definite potential differences 
whose magnitudes are independent of their rela- 
tive positions. There is an intrinsic potential 
difference between A and’ E which is the same, at 
a given temperature, whether they are at a dis- 
tance apart or in contact in the words of Volta, 
which I have already quoted, "the metals can fay 
themselves, and of theh^own proper virtue, excite 
and dislodge the electric fiuid from its state of 
rest” 

Admitting that the imrinsic potentials exist, a 
straightforward eakulation shows that are iu- 
timateiy connected with the magnitudes ' bf the 
thermionic emission at a given temperature. The 
relation, is, in: governed by the following 

equatimi ; If A and B denote the saturation tber- 
mkmk currents per unit area of the bodies A and 
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B respectively, and V is the contact potential 
difference between them at the absolute tempera- 
ture T, then V == log where k is the gas constant 
e 

calculated for a single molecule (Boltzmann’s 
constant), and e is the electronic charge. 

I have recently, with the help of Mr, F, S. 
Robertson,, obtained a good deal of new informa- 
tion on this question from the escperimental side. 
We have made measurements of the contact poten- 
tial difference between heated filaments and a 
surrounding metallic cylinder, both under the 
high-vacuum , and gas-free conditions which are 
now attainable in such apparatus, and also when 
small kno'Vi’ii pressures" of pure hydrogen are pre- 
sent. As is well kown, both contact potentials 
and thermionic emission are very susceptible to | 
minute traces of gas, but we find that under the I 
best conditions as to freedom from gas there is 
a contact potential of the order of one volt be- 
tween a pure tungsten filament and a thoriated 
filament. We have also been able to measure 
the thermionic emissions from the filaments at 
the same time, and we find that the contact poten- 
tial calculated from them with the help of the 
foregoing equation is within 20 per cent of the 
measured value. Considering the experimental 
difficulties, this is a very substantial agreement. 
Whilst the evidence is not yet as complete as I 
hope to make it, it goes a long way to-wards dis- 
proving the chemical view of the orign of contact 
potential difference. 

From what has been said you will realise that 
the connection between contact potentials and 
thermionic emissions is a very' close one. I would, 
however, like to spend a moment in developing 
it from another angle. To account for the facts 
of thermionic emission it is necessary to assume 
that the potential energy of an electron in the the 
space just outside the emitter is greater than that 
inside by a definite amount, which we may call 
w. The existence of this which measures the 
work done when an electron escapes from the 
emitter, is required by the electron-atomic struc- 
ture of matter and of electricity. Its value can 
be deduced from the temperature variation of 
thermionic emission, and, more directly, from the 
latent heats absorbed or generated when electrons 
flow out of or into matter. These three methods 
give values of w which, allowing for the some- 
what considerable experimental difficulties, are in 
fair agreement for any particular emitter. The 
data also show that in general different substances 
have different values of a/. This being so, it is 
clear that when uncharged bodies are placed in 
contact the potential energies of the electrons in 
one will in general be different from those of the 
electrons in the other. If, as in the case of the 
metals, the electrons are able to move freely, they 
will so move until an electric field is set up which 
equilibrates this difference of potential energy’. 
There will thus be an intrinsic or contact differ- 
ence of potential between metals which is equiva- 
to the difference in the values of and is equal 
to the difference in w divided by the electronic 
charge. (This statement is only approximately 
true. In order to condense the argument, certain 
small effects connected with the Peltier effect at 
the junction between the metals have been left 
out of omsideration). 


Photoelectric Action, 

We have seen that there is a connection on 
broad lines between thermionic emission and both 
contact potentials on the one hand, and photo- 
electric emission on the other, ^ The three groups 
of phenomena are also related in detail and to an 
extent which up to the present has not been com- 
pletely explored. In order to understand the pre- 
sent position, let us review briefly some of the 
laws of photoelectric action as they have revealed 
themselves by experiments on the electrons 
emitted from metals when illuminated by visible 
and ultra-violet light, 

Perhaps the most striking feature of photo- 
electric action is the existence of what has been 
called the threshold frequency- For each metal 
whose surface is in a definite state there is a defi-r 
nite frequency »», which may be said to determine 
the entire photoelectric behaviour of the metal. 
The basic property of the threshold frequency «o 
is this ; When the metal is illuminated by light 
of frequency less than no electrons are emitted, 
no matter how intense the light may be. On the 
other hand, illumination by the most feeble light 
of frequency greater than causes some emission. 

I The frequency signalises a sharp and absolute 
i discontinuity in the phenomena. 

' Now let us inquire as to the kinetic energy of 
the electrons which are emitted by a metal when 
illuminated by monochromatic light of frequency, 
let us say, n. Giving to the fact that the emitted 
electrons may originate from different depths in 
the metal, and may undergo collisions at irregular 
intervals, it is only the maximum kinetic energy 
of those which escape which we should expect to 
exhibit simple properties. As a matter of fact, it 
IS found that the maximum kinetic energy is equal 
to the difference between the actual frequency n 
and the threshold frequency w, multiplied by 
I Planck’s constant h. In mathematical symbols, if 
V is the velocity of the fastest emitted electron, m 
its mass, e its charge, and V the opposing poten- 
tial required to bring it to rest, 

From this equation we see that the threshold fre- 
quency has another property. It is evidently that 
frequency for which kinetic energy and stopping 
potential fall to zero. This suggests strongly, I 
think, that the reason the electron emission 
ceases at w® is that the electrons are not able to 
get enough energy from the light to escape from 
the metal, and not that they are unable to get any 
energy from the light. 

The threshold frequencies have another simple 
property. If we measure the threshold frequen- 
cies for any pair of metals, and at the same time 
we measure the contact difference of potential K 
between them, we find that K is equal to the 
difference between their threshold frequencies 
multiplied by this same constant k divided by the 
electronic charge e. 

These results, as well as others which I have 
not time to enumerate, admit of a very simple in- 
terpretation if we assume that w’hen illuminated 
by light of frequency n the electrons individually 
acquire an amount of energy hn. We have seen 
that in order to account for thermionic phenomena 
it is necessar>’ to assume that the electrons have 
to do a certain amount of work w to get away 
from the emitter. There is no reason to suppose 
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that pbotoelectrically emitted electrons can avoid 
this necessity. Let us suppose that his work is 
also definite for- the photoelectric electrons and let 
us denote its value by hn^. Then no electron will 
be able to escape from die metal until it is able 
to acquire an amount of energy at least equal to 
h 7 t^ from the light — that is to say, under the sup. 
positions made — until n becomes at least as great 
as Me, Thus Me will be identical with the fre- 
quency which we have called the threshold fre- 
quency, and the maximum energy of any electron 
after escaping will be h («— m,) 

The relation between threshold frequencies and 
contact potential difference raises another issue. 
We have seen that the contact potential difference 
be ween two metals must be very nearly equal to 
the difference between the amounts of work in for 
the electrons to get away from the tvro metals by 
thermionic action, divided by the electronic 
charge e. The photoelectric experimen1:s show 
that the contact electromotive force is also nearly 
equal to the differences of the threshold frequen- 
cies multiplied by */«. It follows that the photo- 
electric work kn^ must be equal to the thermionic 
work in to the same degree of accuracy. We have 
to except here a possible constant difference be- 
tween the two. I do not see, however, how any 
value other than zero for such a constant could 
be given a rational interpretation, as it would 
have to be the same for all substances and fre- 
quencies. The photoelectric and thermionic 
works are known to agree to within about one 
volt To decide how far they are identical needs 
better experimental evidence than we have at 
present. The indirect evidence for their sub- 
stantial identity {that is to say, within the limits 
of accuracy referred to above) is stronger at the 
moment than the direct evidence. 

I do not think that the complete identity of the 
thermionic work iv and the photoelectric hn^ is a 
matter which can be inferred a priori. What we 
should expect depends to a considerable extent on 
the condition of the electrons in the interior 
of metals. We cannot pretend to any real know- 
ledge of this at the present; the various current 
theories are mere guesswork. Unless the elec- 
trons which escape all have the same energy when 
inside the metal we should expect the thermionic 
value to be an average taken over those which 
get out. The photoelectric valtxe, on the other 
hand, should be the minimum pertaining to those 
internal electrons which have most energy. The 
apparent sharpness of the threshold frequency is 
also surprising from some paints of view. There 
seems to be scope for a fuller experimental exam- 
ination of these questions. 

I have spoken of the threshold frequency as 
though it were a perfectly definite quantity. No 
doubt it is when the condition of the body is or 
can be definitely specified, but it is extraordinarily 
sensitive to minute changes in the conditioii^s of 
the surface, such as may be caused, for example 
by the presence of extremely attenuated films, or 
foreign matter. For this, reason we should aoo^t 
with a certain degree of ^ reserve statexneotsnwindf 
appear from time to time that i^toeiectiic acti^ 
is some parasitic phenomenon, inasmuch as ^ cam 
be made to disa^ear by^ im^mvemeent, of vammsm 
or other' change in the coeidltionsv^ has^ 

generally happetned iir theses ipweetigptlh^ 
something has been, donet thm 


face which has raised its threshold frequency 
above that of the shortest wave-length in the light 
employed in the test. Unless they are accom- 
panied by specific information about the changes 
which have taken place in the threshold fre- 
quenc5% such statements are of little value at the 
present stage of development of this subject. 

Interesting calculations have been made by 
Frenkel which bring surface tension into close 
connection with the thermionic work w. Broadly 
speaking, there can be little doubt that a connec- 
tion of this nature exists, but whether the relation 
is as simple as that given by the calculations is 
open to doubt. It should be possible to answer 
this qiiestion definitely when we have more pre- 
cise information about the disposition of the elec- 
trons in atoms such as the continuous progress in 
X-ray investigation seems to promise. 

Light and X-Rays. 

One of the great achievements of experimental 
physics in recent years has been the demonstration 
of the essential imity of X-rays and ordinary 
light. X-rays have been shown to be merely light 
of particularly high frequency or short wave- 
length, the distinction between the two being one 
of degree rather than of kind. The foundations 
of our knowledge of X-ray phenomena were laid 
by Barkla, but the discovery and development 
of the crystal diffraction methods by v. Laue, the 
Braggs, Mosley, Duane, and de Broglie have 
established their relations' with ordinary light so 
clearly that he who runs may read their sub- 
stantial identity. The actual gap in the spectrum 
of the known radiations between light and X-rays 
is also rapidly disappearing. The longest stride 
into the region beyemd the ultra-violet was made 
by Lyman with the vacuum grating spectroscope 
which he developed. For a short time Prof. 
Bazzoni and I held the record in this direction 
with our determination of the short wave limit of 
the helium spectrum, which is in the neighbour- 
hood of 450 Angstrom units. More recently this 
has been passed by Millikan, who has mapped a 
number of lines extending to about 200 Angstrom 
units—that is to say, more than four octaves above 
the violet limit of the visible spectrum. I am not 
sure what is the longest X-ray which has been 
measured, but I find a record of a Zinc L-ray by 
Friman (Rhii. Mag.^ iqifi, xxxii., 404) of a wave- 
length of £2^346 Angstrom units. There is thus 
at most w matter of about four octaves still to be 
explored. In appmaching this unknown region 
from the violet end, the most characteristic pro- 
perty of the radiaitmis appears to be their intense 
absorption by pracdcally efvery kind of matter. 
This result h not v^^ surprising from the quan- 
tum standpoint. The: quantum of these radiations 
is in excess of that vdfich corresponds to the ion- 
ising potential of every known molecule, but it is 
of, the same order of magnitude. Furthermore, 
it is large eipongh to not only the most 

superficial, but also a^nnmber of the ckeper-seated 
eiectrems of the atoms. There is botir 

theoretical and exp^dmental, that the* ^olo- 
electric absorp^on of radiathm is* mmt. Intense 
when its quantum exceeds the minimum 

10 ejeei absorbing eleemon but <h 3 «es 
im exc&ed it? too mueb^ In tisa 
cal 0£m.the ahaprplmn is aero whose 

frwi^iencks lio:b^lqw^tbe mmimm qpamtimii rises: 
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to a maximum for a frequency comparable with 
the minimum, and falls off to zero again at in- 
finite frequency. This case has not been realised 
in practice, but, broadly judged, the experimental 
data are in harmony with it. On these general 
groxmds we should expect intense absorption by 
all kinds of matter for the radiation between the 
ultra-violet and the X-ray region. 

The closeness of the similarity in the properties 
of X-rays and light is, I think, even yet inade- 
quately realised. It is not merely a similarity 
along broad lines, but it extends to a remarkable 
degree of detail. It is perhaps most conspicuous 
in the domains of photoelectric action and of the 
inverse phenomenon of the excitation of radia- 
tion or spectral lines by electron impacts. Whilst 
there may still be room for doubt as to the pre- 
cise interpretation of some of the experimental 
data, the impression I have formed is that each 
important advance tends to unify rather than to 
disintegrate these two important groups of 
phenomena. 


THE STRUCTURAL RELATION OF 
ISOQUINOLINE AND PHENANTHRENE 
ALKALOIDS. 

By INGO W. D. HACKH. 

An interesting structural relation among alkaloids 
containing^ the is^uinoline nucleus was revealed 
by working wi^ their structure symbols 
{Canadian Chem, Joiarn,, iqi8 , ii., 135; Science^ 
1918, xlviii, 333; Ckem. Eng,^ 1918, xxvL, 377; 
Chemical news, cxviii,, 2S9, and cxxi., 85; 
Ckem. Age (London), iii., 392; Journ. Am. 
Pharm. Assoc. ^ 1920, ix,, 392). Comparing the 
structural formulas of morphine (Pschorr), ber- 
berine (Parkin), papaverine (Goldschmidt), glau- 
cine (Fischer), narcotine (Perkin and Robinson), 
corydaline (Dobbie and Lauder), dicentrine 
(Gadamer), protopine and cryptopine (Perkin), 
^c., as usually given in chemical literature will 
not indicate any relationship in structure, in fact, 
these alkaloids appear to belong to entirely differ- 
ent groups. If these structural formulas, or the 
corresponding structure symbols, however, are 
turned and shifted so as to bring the isoquinoline 
nucleus into the same relative position; it is pos- 
sible to trace a structural relationship which 
genetically connects all these alkaloids. 

Thus the unsaturated tricyclic system I or i- 
beazyl-isoquinoline may be used ^ the starting- 
point for the structural derivation of a great num- 
ber of alkaloids. Paperoline is the 6.7.13.13- 
tetrahydroxy derivative of I, and papaverine is 
the 6.7.12.13-tetramethhoxy derivative of I. 

By partial saturation and methylation the ring- 
sy^m^ II or i. 3. 4-trihydro-N-Methy I- 1 -benzyl-iso 
quinoline is deriv^. This is the parent compoimd 
of laudanosine which is the 6,7.12,13-tetramethoxy 
derivative of IL 

The hydrocarbon II contains a benzene and iso- 
quinoline nucleus, and is thus a tricyclic system 
from which in four different ways an additional 
ring formation tetracyclic systems are derived; 
each of them ch^acteristic of certain alkaloids. 
Thm the fourth ring can be formed by direct con- 
nection of the eights with the eleventh carlxm 


atom (III), by a lactone formation between the 
ninth and eleventh carbon atom (IV) giving a 
pentatomic ring, by lactone formation between the 
first and eleventh carbon atom (V) giving a hex- 
atomic ring, or finally by connecting the fifteenth 
carbon atom with the N-methyl carbon atom (VI). 
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The tetracyclic system III is derived from II 
by connecting the eighth with the eleventh carbon 
atom, thereby forming a phenanthrene nucleus. 
Cor^ul^rine is the 6. 7-dimethoxy-i 2. 13-dihydroxy 
derivative of III — corydine is the 6.7.12-trimeth- 
oxy-13-hydroxy derivative of III — and glaucine 
is the 6.7.12.13-tetramethoxy derivative of III, 

At present there are no alkaloids known which 
are the methoxy or hydroxy derivatives of the 
tetraorclic system IV or V, but, as these are the 
stepping stones to the pentacyclic system VIII 
and IX, and the hexacyclic system XII, it appears 
that their existence is possible and the prediction 
of their occurrence in plants is plausible. 

The tetracyclic system VI is derived from II by 
connecting the N-methyl carbon atom with the 
fifteenth carbon atom. Corydaline is the Q-methyl- 
12.13-dimethoxy derivative of VI. 

From the four tetracyclic systems. III, IV, V, 
and VI, there are five pentacyclic systems derived 
by the formation of an additional penatomic ring 
which is usually produced by attaching a methyl- 
ene dioxy group (- 0 ,CH,- 0 -) to the sixth and 
seventh carbon atoins. The relation of these 
systems is shown by the diagram ; 
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Hexac^'clic : XII 

The pentac>xlic system VII has the methylene- 
dioxy group in the 6.7-position, and its 12.13- 
dimethoxy derivative is dicentrine — the 12- 
hydoxy-13-methoxy derivative is bulbocapnine. 

The pentacyclic system VIII is represented in 
hydrastine, the i2.i3-dimethoxy derivative, and 
narcotine, the 8.12. 13-trimethoxy derivative. 
Cryptopine is the compound given in IX, and 
berberine is the Q-hydrox^'-ia. 13-dimethoxy deriva- 
tive of X. 

The fifth pentatomic ring may also be formed 
by connecting the seventh and twelfth carbon 
atom of III by an oxygen atom, thus the pent- 
acyclic system XI results. If partially saturated, 
this forms the parent compound of the morphine 


I alkaloids. Thus morphine is the 6. i3-dihydrox> 
! derivative of XI, codeine the 6-hydroxy-i3. 
methoxy derivative, dionine the 6-hydroxy-i3- 
ethoxy derivative, and thebaine the 6.13-dimeth- 
oxy derivative of XI. 

Only one instance is on record in which the 
structure of an isoquinoline alkaloid contains six 
rings, as shown in XII for protopine. This hexa- 
cyclic system is derived from IX by attaching the 
second methylene dioxy group to the twelfth and 
thirteenth carbon atom. 

It is of interest to note that substitution practi- 
cally always takes place at the 6.7- and 12.13- 
position, whether it be by the hydroxy, methoxy, 
ethoxy, or the methyiene-dioxy group. It is also 
significant to note that the apparent genetic re- 
lation among these alkaloids, although the respec- 
tive structural formulas have been determined at 
different times by different investigators. In this 
connection it appears likewise that the morphine 
formula, as given by Pschorr, is the correct one, 
and more plausible than those given by Freund 
and others. These structural relations enable the 
following classification of the alkaloids ; 


Laudanosine 
Papaverine 
PaperoUne, &c. 



Morphine Dicentrine Hydrastine 

Codeine Bulbocapnine, &c Narcotine, &c. 

Dionine 
Thebaine, &c. 


Cryptopine, &c. 


Protopine, &c- 


Berberine 
Canadine 
Artarine, &c. 
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THE ELECTRIC FURNACE SPECTRUM OF 
SCANDIUM.* 

By ARTHUR S. KING- 

SCAHDIUM occurs in small amounts in a number 
of the rare-earth minerals, but its extraction in a 
fair degree of purity is an exceedingly difficult 
matter, and, as its separation has not been stimul- 
lated by any commercial application, the sub- 
stance is extremely scarce. The late Sir William 
Crooks [Philosophical Transactions ^ A, igoQ, 
ccix., 15) described his examination of a large 
number of minerals in a search for those contain- 
ing scandium. Wiikite, found in Finland, proved 
to contain over i per cent of scandium oxide 
(scandia), and was used by him to furnish pure 
scandia. The final difficulty in the tedious prow 
cess of separation was the elimination of the 
closely related elements yttrium and yttesbium. 

The spectrum of scandiixm is especially inter- 

* Abridgemeot of a Paper eas the Electric Ftiroace Spet^TiHn ^ 
Scandium. CoQtnbotioa from the Mdimt Wilson OhservsdOcy, 
No. 811. 


esting on account of the peculiar intensity rela- 
tions, to be discussed presently, among the scan- 
dium lines in the solar spectrum. An examina- 
tion of the behaviour of the lines at various tem- 
peratures of the electric furnace was therefore 
desirable, in order to determine the part which 
temperature may play in bringing about the 
peculiarities observed. 

Through the good offices of Prof. Fowler, I 
have been able rec^tly to obtain a sufficient 
amount of highly purified scandia to cany out the 
examination of the furnace spectrum. This 
scandia was prepared by Sir William Crookes. 
His former assistant, Mr. J. H. Gardiner, very 
kindly placed the material at my disposal through 
Prof. F owler. 

In the earlier solar investigations in which the 
spot spectrum was studied, it was noted that cer- 
tain lines intensified in the spot coincidcsd with 
lines in the scandium arc, while other strong arc 
lines were absent in the spot though present in the 
solar spectrum and promineEnt in the chinmo- 
^here. Fowler A., 190^, ccix., 47) ex- 

plained this phenomenon by producing, besides 
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le regular arc spectrum, the spectrum of the arc 
1 hydrogen, which approaches that of the spark, 
nd the spectrum of the flame of the arc, in which 
ertain lines are given a high intensity. His re- 
ults showed clearly that the lines prominent in 
he spot spectrum are those given by the flame of 
he arc, and probably result from a reduced tem- 
mrature in the spot, while the scandium lines 
aissing fro-m the spot spectrum are enhanced 
ines, though present often with considerable in- 
ensity in the arc. The occurrence of three dis- 
inct types, enhanced, arc, and flame lines, in the 
candium arc is a feature shown by some other 
dements, notably titanium, the low-temperature 
ines of which have been selected by the furnace 
Mi. Wilson Contr.j No. 76; Astrofhys. Journ.., 
[914, xxxix , 139), while many lines prominent in 
he arc are much enhanced in the spark. 

Experimental Method. 

The tube-resistance furnace was operated as 
usual, the chamber being pumped out to a few 
nillimetres' pressure. To avoid scattering of the 
Bcandia in the tube, the powder was put in a small 
combustion boat of graphite, which was placed 
at the middle of the furnace-tube. The image of 
the space above this boat was focused on the slit 
of the spectrograph. The scandia fused in the 
boat, entering to some extent into the graphite 
as if a carbide were formed. The fused residue 
was a shining black when removed from the tube, 
but after exposure to the air for some time turned 
to a grey-brown powder, presumably from the 
reahsorption of oxygen. 

The spectrograms were made with a 15ft. 
concave grating spectrograph, the second order 
with a dispersion of i mm. = i*S6 A being used for 
the ultra-violet, and the first order for the region 
from A.3800 into the red. 

Conclusion. 

The var^dng response of spectrum lines to tem- 
perature change, observed in the study at different 
temperatures of the furnace spectrum of scan- 
dium, has concerned itself especially with the con- 
ditions of appearance and development of the 
three main types — enhanced, arc, and low- 
temperature lines — ^which make up the spectrum. 
The scandium enhanced lines, as regards degree 
of excitation required, stand between the enhanced 
lines of titanium and those of the type of H and 
K of calcium. For the lines appearing in the arc 
spectrum the regular temperature classification is 
carried out. The group of arc lines given by the 
arc flame consists of prominent low-temperature 
lines, but, since many lines strong in the furnace 
are relatively weak in all parts of the arc, addi- 
tional data on this type of line are supplied by the 
furnace spectrum. 

The explanation advanced by Fowler as to the 
relative strength of the different types of scan- 
dium lines in the solar and sufl-spot spectra is 
fully confirmed^ by their varying response to the 
furnace excitation. The strong low-temperature 
lines, faint or lacking in the disc, are distinctly 
brought out in the spot, and, especially in the red, 
show h^h sensitiveness to the magnetic field. A 
comparison of the Zeeman effect for scandium 
in the laJboratory with that shown in spot spectra 
a fuller lisfeg of the scandium lines present 
m, sun are neded to give this element its due 
among on which solar studies are 

based. — Journal j July, 1921. 
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^Tke Properties of Some Nickel-Almninium- 
Copper Alloys.^ By Prof. A. A. Read, D.Met, 
Member (Cardiff), and R, H. Greaves, M.Sc., 
Member (Woolwich), 

In some of the copper-rich nickel-aluminium- 
copper alloys the alpha solution will retain much 
more nickel and aluminium at goo® C. than at 
ordinary temperatures. Alloys typical of the re- 
gion comprised between the limits of composition 
of the alpha solution at 900*^ and at ©rtfeary 
temperatures have been examined. Th^ alloys 
while relatively soft on quenching from 900®, are 
hardened by slow cooling from that temperature, 
or by reheating to lower temperatures. This 
change is the result of the appearance of a new 
constituent (probably a nickel-aluminium-copper 
solid solution), the separation of which is accom- 
panied by changes in the density and electrical 
conductivity’ of the alloy in addition to its effect 
on tensile, hardness, notched bar, and_ other tests. 
The separation of this special constituent takes 
place somewhat slowly, so that chill-cast alloys 
and hot-rolled rods of small section consist almost 
wholly of the alpha constituent The cold-rolled 
rod, obtained by hot-rolling, followed by a few- 
passes in the cold, thus consists almost wholly of 
the alpha constituent. On annealing the cold- 
rolled alloys, softening proceeds very slowly 
up to 500®, at which temperature precipita- 
tion of the nickel-aluminium rich constituent 
begins to take place at an appreciable 
rate, with the result that with some ,com- 
positions a progressive increase of hardness 
is obtained by holding the alloy at 500® C. If 
the separation is suf&cient, this may more than 
coimterbalance the previous softening, giving an 
alloy of high elastic limit and tensile strength, 
and good elongation (e.g.^ a maximum load of 
over 50 tons per square inch, with an elongation 
of 20 per cent). The rate of cooling from a tem- 
perature above that at which the alpha solution 
begins to deposit the special constituent has a 
great influence on the mechanical properties of 
the heat-treated allo>ys. The hardest product is, 
however, obtained by reheating the quenched alloy 
for some time at 600® to 700® C. (say two hours 
at 600®, or half-an-hour at 700®). The alloys so 
treated generally give better properties than are 
obtained by any uniform rate of slow cooling 
yield point over 20 tons per square inch, 
maximum load over 40 tons per square^ inch, 
elongation about 15 to 25 per cent). The heat- 
treated alloys show considerable endurance under 
alternating stresses above their true fatigue limit, 
the determination of which involves a number of 
prolonged tests. 

^The Effect of Increasing Proportions of Lead 
upon the Properties of Admiralty Gun-^metalj with 
an Appendix dealing with the Effect of Lead on 
Gun-metal containing Copper 85 per cent^ Tin 5 
per cent;, Zinc 10 per centP By R. T. Rolfe, 
F.LC., Member (Bedford). 

The effects of lead upo-n Admiralty gun-metal 
has been studied by the production of synthetic 
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alloys containing gradually increasing proportions 
of lead up to i*68 per cent, subject to control as 
regards compositions, casting temperatures, and 
general conditions. Sand and chill-castings were 
produced, while a duplicate set of determinations 
were made on re-melts of the original alloys, thus 
checking the results from these and affording in- 
formation on the variations m composition and 
properties caused by re-melting. In sand-cast 
gun-metal, lead gradually increases the strength, 
ductility, and softness of the alloy up to about 
I- 5 per cent of lead, but above this proportion 
causes a decrease in all three. Maximum 
repeated-impact resistance is obtained with i per 
cent of lead, falling away when this figure is 
exceeded. Lead does not affect the soundness, 
and IS micro-scopically readily detectable on either 
the plain, polished, or etched surfaces. In chill- 
cast gun -metal, these effects are rather marked. 
The effect on the hardness parallels that of the 
sand-cast metal, with a change-point at about 1*5 
per cent of lead, but associated with a minimum 
rather than a maximum strength figure. In- 
creasing lead proportionately decreases the ducti- 
lity and also the impact-figure of the metal twice 
melted, that melted once giving more irregular 
results. Lead does not affect the soundness, and 
is microscopically readily detectable on the plain 
polished surface. The influence of lead on 
liquation, machinability, corrosion, and behaviour 
for bearing purposes is also discussed, and it is 
suggested that in sand-cast gun-metal, the pro- 
portion of lead permitted by the Admiralty speci- 
fication might with advantage be increased from 
0-5 to I per cent. An Appendix deals with the 
influence of increasing proportions of lead upon 
the properties of gun-metai containing copper 85 
per cent, tin 5 per cent, zinc 10 per cent. 

^'Tke Density of ike Zinc-Copfer Alloys.^^ By 
T. G. Bamford, M.Sc., Member (Birmingham). 

The density of alloys, the author points out, is 
important both from a theoretical and a practical 
standpoint. When the correct density is known, 
it is possible to determine whether casting condi- 
tions have been satisfactory. Hitherto no trust- 
worthy determinations of the densities of the 
copper-zinc series have been available. The 
author, after reviewing earlier work, records ex- 
periments conducted with alloys made from pure 
metals, and cast in sand- and chill-moulds res- 
pectively. The results indicate that there is a 
contractioa in volume increase of density) 

due to alloying with mixtures containing more 
than 2$ per cent of copper; and that the density 
of the sand cast (or siowdy cooled) alloys is 
generally less than is the case with the chill cast- 
ings, but that at points where the liquidus and 
solidus coincide on the constitutional diagram, 
chill castings and sand castings give the same 
values. These results afford striking confinna- 
tion of the data published by Turner and Murray 
on the volume changes of the copper-zin^ alloys. 
The expansion recorded by these observers with 
alloys containing less than 30 per cent of copper 
is confirmed, and is shown to be connected with 
a new form of porosity different from ordinary 
unsoundness. 

^‘Tke Extrusion DefeeV* By R. GENDERS, 
M.B.E. , B.Met., Member (Woolwich). 


Experiments have been carried out with the 
object of devising a method of extrusion which 
would avoid the formation of the defect (known 
by the misleading term “piping’^) which is com- 
monly found in a certain proportion of centrally 
extruded rod made from brass and other non- 
ferrous alloys by the usual hot-extrusion process. 
The defect is tubular in the interior of the rod, 
and generally exists in the last portion (up to 25 
or 30 per cent) extruded. When a defective rod 
is broken across, the core frequently breaks at a 
different point from the outer ring, and projects, 
and is sometimes quite loose. It has been showm 
that the defect consists of foreign matter, oxide, 
and dezincified brass, which constituted the skin 
of the original billet. Billets extruded to various 
stages and sectioned axially show the presence of 
tlie defect in the shape of a funnel (formed by 
the turning inwards of the billet skin, which can- 
not flow along the side of the receiver owing to 
friction and its lower temperature) by the fact 
of the ram, and its gradual flow towards the die 
The defect can be largely overcome by the use of 
a ram smaller in diameter than the billet, which 
causes the outer layer of the billet to remain in 
the receiver as a thin cylinder, but the method 
w'ould probably be too w'asteful on a large scale. 
By inverting the process so that the die is pushed 
through the billet, the mode of flow is altered. 
There is no relative movement between the billet 
and receiver, and flow is confined to the region 
of the die. Experiments on a small scale, using 
60-40 brass billets and extrading under conditions 
comparable with large scale work, have shown 
this method to be successful in avoiding the "ex- 
trusion defect,” the skin of the billet being turned 
over and collected on the face of the die, none 
entering the aperture of the die until the extru- 
sion is nearly complete, w’hen it emerges on the 
outside of the rod. The power required is less 
than with the method at present in use. Rod pro- 
duced by the method is completely sound. The 
method is in use in many places for the produc- 
tion of tubes and rod from soft metals, although 
the plant appears to have been so designed only 
with a view to mechanical efliciency without any 
appreciation of possible effect on the quality of 
the product, and has not so far, to the author's 
knowledge, been used for hot extrusion of copper 
alloys. The necessary modifications of the plant 
would probably be fully justified by the saving 
of the very large amount of metal which by the 
present method is extruded only to be ultimately 
scrapped. 

^Tke Use of the Seleroscope on Light Speci- 
mens of Metals” By F. S. Tritton, Member 
(Teddington). 

Some experience in the use of the scleroscope for 
testing the hardness of small pieces of metal in the 
laboratory led the author to doubt whether the rea* 
hardness values of small ^mpies were obtained, 
although the usual precautions were taken to sup- 
port the specimens in an apparently rigid manner. 
The experiments were undertaken with the view 
of finding out whether errors existed when using 
the ordinary methods of support, and, if so, to 
find some method of support that would eliminate 
them. Errors were detected, and to reduce them 
the author sei^t^ two material^, respectively 
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pitch and glucose, for the purpose of supporting 
the specimens in the scleroscope. The use of 
pitch requires a special clamp, a new type of 
which is described. On the other hand, without 
the use of a clamp, a solution of glucose consider- 
ably stiffer than treacle .was found to give* excel- 
lent results, the specimens under test being simply 
attached by means of the glucose to a hard steel 
base. In this way there could be readily tested 
the hardness of specimens having not merely’ fiat 
but curved surfaces — such as bails or rollers — 
provided that a recessed support be made to fit 
the specimens. 

“Tke Constitution mid Age-Hardening of the 
Alloys of Aluminium with Magnesium and 
Silicon .^^ By D. HANSON, D.Sc., Member, and 
Marie L. V. Gayler, M.Sc., Member {Tedding- 
ton). 

Constitution of the Alloys. — ^The constitution of 
a small portion of the te^ary system, aluminium, 
magnesium, silicon, has been investigated, namely 
that containing up to 35 per cent magnesium and 
1 1 per cent silicon. The results of thermal curves 
and microscopic examination prove that in these 
alloys, magnesium and silicon form a chemical 
compound having the formula Mg^Si. This com- 
pound and aluminium form a eutectiferous binary 
system, having a eutectic containing 13 per cent 
of MgjSi, and melting at 590° C. Two ternary 
systems are formed with silicon and magnesium 
respectively. The aluminium — MgaSi — silicon 
system possesses a ternary eutectic that melts at 
550® C. ; the ternary eutectic of the aluminium — 
MgsSi — ^magnesium system melts at 450® C. The 
solubility of the compound MgaSi in solid alu- 
minium has been determined, and the results shovr 
that MgaSi is more soluble at high than at low 
temperatures, r6 per cent MgSi being held in 
solution at 5^® C., and little more than 0*5 per 
cent MgjSi at 30® C. Excess of silicon has little 
efiect on the solubility of MgaSi, but magnesium 
reduces the solubility at high temperatures. This 
difference in the solubility of MggSi in solid alu- 
minium at high and low temperatures is the cause 
of the age-hardening property of these alloys. 

Age-Hardening of the Alloys. — The alloys of 
this system, after quenching from high tempera- 
tures, are relatively soft, but gradually become 
harder ; this age-hardening ceases after a few 
days. The age-hardening of a series of alloys 
containing increasing amounts of Mg,Si rises pro- 
gressively until the limit of the solubility of 
MgaSi in aluminium at the quenching temperature 
is reached, beyond which the total increase in 
hardness remains constant. Hence the increase in 
hardness produced during the ageing of the alloys 
is roughly proportional to the amount of MgjSi 
retained in solution by quenching. Confirmation 
of this view is also obtained from experiments 
vfitk alloys of aluminium and Mg,Si with mag- 
nesium or silicon. 

^Tke Electrolytic Etching of MetalsJ'^ By F. 
Adcock, B.Sc., Member (Ipswich). 

As the title implies, eIectroi>tic methods of 
etching various metals are described with a view’ 
to the preparation of useful micro-sections, A 
solution of citric acid as an electrolyte in the 
bath yielded good results with cupro- 
{80:20), silver, nickel-silver, and some 


other metals, and it was noticed that silver and 
nickel-silver specimens which had been compara- 
tively roughly treated during the polishing process 
often gave clearer etchings than the specimens 
which had been polished with great care. Certain 
specimens of silver showed on etching a cell 
structure or network which was smaller than, and 
in some cases independent of, the existing crystal 
grains. Another electrolyte made by dissolving 
molybdic acid in excess of ammonia solution gave 
somewhat similar results, and revealed a sub- 
sidiary cell formation or net- work in the beta re- 
gions of a beta plus gamma brass containing 6 
per cent of aluminium. By making use of such 
reagents as hydrofluoric acid, chromic acid, and 
bromine water, bc^h the cores (or dendrites) 
the crystal grain ^undaries of cast 
were disclosed simultaneously. The paf^“ is.' 
illustrated wkh iB photomicrograplis, and con- 
cludes with sorne isdtes on the etching of gold and 
platinum. 


NOTES. 


UNiVERsm OF Birmingham. — A Department of 
Brewing and of Bio-chemist r>* of Fermentation 
has been founded at the University of Birming- 
ham. It will be in charge of the Adrian Brown 
Professor, Mr. Arthur R. Ling, M.Sc., and it has 
been established for the study of applied bio- 
chemistr\’, especially in connection with malting 
and brewing, and the fermentation industries 
generally. It deals with agriculture and cognate 
industries, chemistry’ and bacteriology as applied 
to food and drugs, water supply, and the treat- 
ment of sewage, &c. There is a degree course, a 
diploma course, certificate course for brewers and 
maltsters who are unable to devote the time to 
study required for the diploma course, and shorter 
courses of lectures and practical work in the prin- 
ciples of malting and brewing. There ar^ also 
facilities for training in agricultural chemistry, 
the chemistry of foods and drugs and of water, 
and the chemistry of bacteriology and sanitation. 

A New Synthetic Resin from Benzylaniline. 
— Continuing his researches on the synthesis of 
resinous compounds, starting from the secondary 
amines in which a compound of the benzyl group 
figures, Mr, W. Herzog placed 9 grms. of benzyl- 
aniline in suspension in a mixture of 10 grms. of 
40 per cent formic aldehyde; 20 grms. of w^ater, 
and I cm. of concentrated hydrochloric acid, 
heated during an hour under a slight reflux. The 
supernatant solution, which has a strong odour 
of benzylic aldehyde, is poured out and the resin- 
ous matter deposited on the bottom of the vessel, 
w’ashed several times m hot ivater, and then dried 
at about no® C. Thus a hard, brittle, trans- 
parent substance of an amber colour, resembling 
colophony, is obtained. The yield is about 8*5 
per cent. The resin is soluble cold, to the extent 
of 25 per cent in benzol, as also in trichlorethyl- 
ene, giving very stable solutions. It is very suit- 
able for making resisting lacquers. In spirit of 
turpentine the resin is only soluble hot. — Rev. 
Chim, Industr.j August, 1921. 
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The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C 2. 

Pile Fabric Manufacturing Company, Limited.— {176633) — 
Hill Top Works, AUerton, Bradford. Registered ^ptember 5th, 
1921. To carry on the business of Spinners, Manufacturers, Dyers 
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of each. Directors: A. E. Leng, 205, Street, Acton, W 3. 
(Chairman); Nellie Leng, 203, High Street, Acton, W,3. Qumifica- 
tion of Directors i Share. Remuneration of Directors* To be 
voted by Company in General Meeting. 

Beard & Co., Limited. — (176658) — Regrstered September 7th, 
1921. The Pennycomequick Pharmacy, ^Itash Road, Plymouth. 
To acquire and carry on the business of Chemists and Druggists. 
Nominal Capital ; £500 in 500 Shares of £1 each. Directors : Mrs. 
Florence S. Beard, 6 ^ Winston Avenue, Plymouth (Chairman and 
Managing'Director) ; Gwendolen C. Lewthwaite,^ i, Upper Knoliys 
Terrace, Alma Road, Plymentb ; T. S. Eyre, 6, O®*:%®don Pla&e, 
Citadel Road, Plymouth. Qbsdlfichtion of Dfpectocs* £xo. 
Remuneration of I^ectors : To be voted by Company. 
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Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C,2., from whom all information remting to Patents, 
Trade Marks and Designs can be obtained gratuitously. 

LeUest Patent Applications^ 

24139— Baddiiey, J.— Manufacture of i: 4 naphthol sulphonic acid. 
September xo. 

23724— Baker & Sons and Perkins, Ltd., J,— Manufacture of pai er 
for filtering. September 6. 

23741— Casale, L,— Process for synthetic production of ammonia. 
September 6. 

23964— Craig, E N.— Production of oxides of tungsten and 
mol^^enum. September 8. 

23537— Vaines, R.— Process for rendering chlorides of ketone 
soluble by means of alkalies. September 5. 

^ Spectficaiion published this Week, 

144306— American Smelting and Refining Co,— Method of making 
sulphur dioxide. 


Abaimct Published this Week. 

Potassium Chloride and Patent No. 166657.— A process 

fee the recovery of potassium salts from the waste liquor obtained 
m w mm mdastjy has been Patented by Mr. M. Bird, of Port 
Mimant, B^blce, Bntish Gniana. After crystallizing out the cane 
sugar ^ <^stilliof of the rum, waste heat produced in the factory 
is emplpyiMto effect the evaporation and charring. The liquor, 
whkh is firsi: preferably neutralized with leave, may be con- 
qeidrated by passix^ it slowly over the heated fines leading from the 
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war. The residual mass has a content of phosphono acid and 
mtrog^ and is used as such as a manure, or the potassium chlonde 
^uphate may be leached out with water. Alternatively, the 
Hqnor concentrated as above described may be charred or inoerated 
by other means. 
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the names of at least three referees, should be sent not later than 
October 7th, 1931 , to the SECRETARY of the University, Manschal 
College, Aberdeen, from whom further particulars may be 
obtains! 


H. J, BUTCHART, 

Secretary. 


PATENTS, TRADE MARKS. Handbook 

■L and advice free — B. T. King, British and U. S. Regd. Patent 
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CtteKiCAi. News'] 
October 7 » 1921 J 


British Association — Age of the Earth. 


185 


THE CHEMICAL NEWS. 

VOL. CXXIII., No. 32o». 


BRITISH ASSOCIATION 

FOR THE 

ADVANCEMENT OF SCIENCE. 

Edinburgh, iq2i. 

DISCUSSION ON THE AGE OF 
THE EARTH.* 

I . Opening Remarks, 

By the Right Hon. Lord Ra\xeigh, F.R.S. 

In view of the past history of this subject, it 
seems particularly important to keep our eyes 
open to all possibilities, and to welcome evidence 
from any quarter. Lord Kelvin in the last 
generation, attempted to set a limit of time to the 
duiation of the sun’s heat. And also, from con- 
sideration of the earth’s internal heat, he argued 
back to the time when the surface was too hot for 
the presence of living beings. 

As regards the earth’s heat, it is now generally 
known that the premises of Lord Kelvin’s calcu- 
lations, carefully particularised by him, are up- 
set by the discovery of radioactive substances in 
the earth. In igo6, I made a determination of 
the amount of radium in the superficial parts of 
the earth which are alone accessible. From the 
radium analysis we can calculate the amount of 
uranium and other associated substances, and the 
thermal output from them. The result is to show 
that if we suppose the same radium content to 
extend to a depth of some 20 miles, the whole 
output of heat would be accounted for, without 
assuming that any of it comes from primeval store 
as postulated by Lord Kelvin. It is surprising, in 
fact, that the output is not greater. We are puzzled 
at the present time to account for the existing state 
of things, and cannot use it as a firm basis from 
w^hich to explore the past. 

Next, as to the sun’s heat. Lord Kelvin’s argu- 
ment was that we knew’ of no source at all ade- 
quate to supply the existing output of solar 
energ\' except secular contraction; and even this 
was not enough to account for more than 20 
million years of solar heat in the past. Although 
we still do not know definitely of such a source, 
yet we are now compelled to admit that it must 
exist. Some of the stars (the giant red stars) are 
radiating energ> at something like 1,000 times the 
rate that the sun does. They ought, according 
to the contraction theoiy, to have expended an 
appreciable fraction of their total energy in 
historical times. No one will maintain that this 
has occurred, and if not, there must be some 
source of supply other than contraction. If this 
is admitted. Lord Kelvin’s argument from the 
sun’s heat fails. 

Modern knowledge in radioactivity, on the other 
hand, seems to give a firm basis for the estimation 
of geological time, Uranimn, for example, goes 
through a series of changes (radium is one of the 
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stages in its progress), changing eventually into 
an isotope of lead — that is, an element chemically 
indistinguishable from lead except a slight differ- 
ence in atomic weight, and inseparable from 
ordinary lead by chemical means if once mixed 
with it. The isotope in question has probably an 
atomic weight of 206 exactly, ab contrasted with 
207- 1 for ordinar>^ lead, which is doubtless to some 
extent a mixture of isotopes. Thus the product 
has a much less atomic weight than uranium 
(238*5), and the difference represents approximate- 
ly the weight of helium atoms, which are the 
debris shed at the various stages of the trans- 
formation. 

Further, it is well established that a grm. of 
uranium as found along with its products in rocks 
and minerals is now changing at a rate repre- 
sented by the production of i*88x 10-" grms. of 
helium and 1*22X10-^* grms. of lead isotope per 
annum. There is every leason to believe that this 
is also the rate at which i grm. of uranium has 
changed in the past, since the rate is unaffected by 
any change of temperature or pressure which we 
can apply. 

Minerals containing uranium are always found 
to contain helium and lead. The helium may 
safely be treated as wholly a radioactive product. 
It would be difficult to account for its presence, 
retained mechanically in the mineral, in any other 
way. The lead in some cases conforms itself to 
the expected atomic weight of 206, about one unit 
lower than common lead, and in such cases we 
may safely regard the whole of it as a product of 
uranium disintegration. 

Thus, take the broggerite found in the pre- 
Cambrian rocks at Moss, Norway. The lead in 
this monad has an atomic vreight of 206*06 as 
determined by Hrinigschmid and F raulein St. 
Horovitz. The ratio of lead to uranium is 0*113. 
Taking the lead as all produced by uranium at 
the rate above given, we get an age of 925 million 
years. Some minerals from other archaean rocks 
in Norway give a rather longer age. A deter- 
mination of the amount of helium in minerals 
give an^ alternative method of estimating time. 
But helium, unlike lead, is liable to leak away, 
hence the estimate gives a minimum only, 1 
have found in this way ages which, speaking 
generally, are about one-third of the values which 
estimates of lead have given, and are, therefore, 
generally confirmatory, having regard to leakage 
of helium. This method can be applied to 
material found in the younger formations. Thus 
the helium in an eocene iron ore indicated 30 
million years at least. 

H. N. Russel has recently applied the argument 
from accumulation of lead to the earth’s crust as 
a whole. He takes the uranium as 7 x 10-* of the 
whole, the lead as 22x10-* of the whole. If all 
the lead were uranium lead, and had been gener- 
ated since formation of the crust, the time re- 
quired would be ii.Xio* years. This is certainly 
too great. Allowing for the production of some 
of the lead by uranium, Russel finds Sx 10* years 
as the upper limit. This is about six times the 
age indicated by the oldest individual radioactive 
minerals Chat have been examined. 

The upshot is that radioactive methods of esti- 
mation indicate a moderate multiple of i,ooo 
million years as the possible and probable dura- 
tion of the earth’s omst as suitable for the habi- 
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tatian of living beings, and that no other con- 
siderations from the side of physics or astronomy 
afford any definite presumption against this esti- 
mate. The argument from geology and biology I 
must leave to our colleagues from other sections. 
May I venture to say that I for one consider the 
topics with which they will deal as not less inter- 
esting and important than those which it has been 
my privilege to lay before you? 

2. Remarks by Prof. J W. GREGORY, F.R.S. 
The claim that geological time must be restricted 
within a score or a few score million years was 
regarded by most geologists with incredulity, 
since a score million years was of little more use 
to geology than the seven days of the Pentateuch. 
Now that physical evidence allows the age of the 
earth to be counted by the thousand million years, 
the problem is of less concern to the geologist, 
except from the hope that the uranium-lead ratio 
may fix geological dates in years, and from the 
interest of reconciling the conflicting results of 
the different methods. 

The geological estimates to which most weight 
has been attached are based on the saltness of the 
sea. The salinity argument has been widely 
accepted as sound in principle ; the estimates 
varied from 70 to 150 million years, and some 
intermediate length was regarded as inevitable. 
Allowances were made for various factors; but 
they added only a few per cent to the total, and 
did not multiply it by 10 or more. 

The validity of the salinity argument may be 
tested by two checks — the supply of chlorine, and 
the denudation required to account for the amount 
of sodium; and as shown by Dr. A. Holmes, each 
of these indicates a much longer period than the 
sodium. 

The supply of chlorine in igneous rocks is quite 
inadequate to convert their sodium into chloride. 
Most of the sodium chloride in rivei water is pro- 
bably marine in origin, and only the sodium in the 
bicarbonate and sulphate is a fresh addition to the 
sea. On this ground the salinity estimate should 
be appioximately doubled. Again, to obtain all 
the sodium in the sea from igneous rocks would 
involve the denudation of improbable volumes of 
them, and, at the rate usually accepted, the age of 
the earth should be multiplied three- of four-fold. 

The fundamental objections to the salinity 
argument are against (i) its assumption that the 
sea was oiiginally fresh, which palaeontological 
evidence renders improbable. The oldest fauna, 
the Cambrian, has the characteristics of a marine 
fauna, and the contrast between the fresh- water 
and marine faunas was as sharp in Paleozoic 
times as it is to-day, (2) Its omission to allow for 
the large supplies of sodium chloride raised from 
beneath the earth^s surface by magmatic waters. 
(3) Its assumption of uniform denudation. The 
earth has probably undergone deformations that 
led to alternate periods of quick and slow crustal 
movement; during the times of repose the surface 
would have been planed down, rivers would have 
become sluggish and denudation slow. As the 
earth is now under the influence of a time of quick 
movement, denudation is faster than the average. 
A multiplication of the earth’s age five- fold for 
this difference would not be excessive. 

During quick crustal movement volcanic action 
would be more powerful, and the discharge of 
hydrochloric acid and sodium in hot springs would 


be increased; and as denudation is now acting on 
land in which sodium chloride has been produced 
in unusual quantities by volcanic action the esti- 
mated age of the earth must be again extended. 
The rythmic acceleration of geological processes 
lengthens the estimates based on sedimentation, 
but would affect the biological argument in- 
versely, since at periods of rapid physical change 
biological change would have been quickened, and 
thus the occasional abrupt introduction of a nev: 
fauna does not necessitate so long an interval as 
has been thought. 

The best-known geological estimates of the ^ge 
of the earth require to be multiplied ten- or 
twenty-fold in order to agree with the physical 
estimates, but this increase is consistent with the 
geological evidence. 

3. Retnarks by Prof. A, S, EDDINGTON, F.R.S. 

A study of the Cepheid variable stars affords 
strong evidence that the stars have other sources 
of energy besides that furnished by gravitational 
contraction. The rate of radiation by 8 Cephei 
is such that it would be necessary' for the density 
to increase i per cent in 40 years in order to pro- 
vide the required energy. The light-change of 
8 Cephei is believed to be due to a periodity in- 
trinsic in the star (e.g. pulsation) ; it is clear that 
such an intrinsic period cannot remain unaltered 
whilst the density changes so rapidly. But the 
observed change of period of 8 Cephei is only 
o'**o8 per annum, or i per cent in 58,000 years. 
The condition of 8 Cephei is thus changing at a 
rate veiy- much slower than that required by the 
contraction theoiy'. The figures suggest that Lord 
Kelvin’s time-scale should be lengthened soo-fold 
at least during this stage of the evolution. 


NON-AROMATIC DIAZONIUM SALTS.* 

Recent investigations have shown that several 
series of non-aromatic primary amines possess in 
varying degrees the property of diaptisability. 
In certain cases, the existence of a diazcMieriva- 
tive is inferred from the property of coupling to 
form azo-derivatives or from the fact^ that the 
diazo-group can be replaced by other radicals such 
as chlorine, but in other instances diazonium salts 
have actually been isolated. These non-aiomatic 
diazonium salts vaiy' considerably in stability 
from the exceptionally stable diazonium salts of 
the pyi azole series to the explosive diazo- 
derivatives of the thiazole group. Orientation 
plays an important part in the stability of these 
compounds, as is shown below in the case of the 
pyrazole and pyridine derivatives. 

The requisite properties for diazotisability 
appear to be the presence of the group 

HaN — and the possession of a certain 

degree of unsaturation in^ the cyclic system in 
which this carbon atom is included. But it must 
not be assumed that any base having the foregoing 
group and belonging to an unsaturated cyclic 
system is necessarily diazotisable. The absence 
of diazotisability is noteworthy in the thiophen, 
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Mr Henry Burgess, Presented at British Association, Edinburgh 
Meeting (Section B). 





Chemical News "j 
October 7, 1921 J 


British Association — N on- Aromatic Diasonium Saifs 


furane, and pyrrole series in spite of the close j 
relationship between the first of these series and 
the aromatic compounds. 1 

Pyr azole Series , — In this group the effect of ■ 
orientation on the stability of the diazoniuirf salts ' 
is well marked. 4-amino-3 : 5-dimethylpyrazole ; 
when diazotised in the usual manner furnishes ' 
3 : 5-dimethyl pyrazole-4-diazonium chloride stable 
in hot aqueous solutions and up to 150° C. in the 
dry state This salt, which retains its diazo nitro- 
gen and coupling power for an indefinite time, 
gives rise to sparingly soluble diazonium platini- 
chloride and aunchloride (Morgan and Reilly, T’., 
1014, cv., 435). Other 4-aminopyrazole deriva- 
tives yield similarly stable diazo-derivatives 
(Knorr, B,, 1895, xxviii., 717; Michaelis and 
Schafer, A,^ 1915, cdvii., 229; Michaelis and 
Bressel, A.^ 1Q15, cdvii., 274). 

When the diazonium group is in position 5 the 
product is distinctly less stable, -for i -phenyl-3- 
methyl-4-ethylpyrazole-5-diazonium chloride de- 
composes at room temperature in a few hours, 
and quickly on warming (Mohr, /. Pr. Ckem., 
1914, (2) xc , S09)/ i-phenyi-3-methyl-5-amino- 
pyrazole I containing a labile hydrogen atom in 
position 4 gives only 12 per cent of diazonium 
compound (Mohr, loc. cit.) (see Fig. i). 


C,HyN C-NHg'HCl 

I 

K=C^H, 


Substitution of the labile hydrogen by an alkyl 
group prevents the second reaction, and diazotisa- 
tion takes place quantitatively. 

In the case of i-phenyl-3-methyl-4-amino-5- 
anilinopyrazole ^ an azimino compound II is 
formed unless diazotisation is carried out in strong 
acid (Michaelis and Schafer, loc, cit,) (Fig. 2). 

N^=CCH3 
j ^CNH, + HONO 

C.H.-K C— NH — 

\ 


In this series replacement of the diazonium 
complex by iodine (Knorr, loc. cit.) and by the 
triazo group has been effected. It is noteworthy 
that 4-triazo-3 : 5-dbnethylpyrazole V, a well- 
defined cr>'stal Usable compound, has the remm'k- 
able property of giving distinctive colour reactions 
with all phenolic substances not containing nitro- 
groups (Fig. 4). 

NH CCH3 NH CCn, 

I ^G-N,C1 — > I yc-^, 

N==CCH, lM==t;CHj 

V 

Fig. 4. 

Pyrazolone Senes , — Very stable salts are ob- 
tained on diazotising the hydrochlorides of the 
amino-pyrazolones; the products are crystal Usable 
from hot aqueous solutions, and are stable in a 
dry state for an indefinite time (Knorr and 
Geuther, A.^ 1896, ccxciii., 55; Knorr and Stolz, 
A.j 1896, ccxciii., 58; Michaelis, A.^ 1906, cccL, 
2S8). The acid diazonium salts, VI., from amino 
antipyrine (Morgan and Reilly, T.^ 1913, ciii., 
808, 1494) are exceptionally stable aPd recr\'stal- 
lisable and in these respects are unlike the de- 
composable acid diazonium salts of the aromatic 

C^HyN G N.Cl 

^ I >“= 

^ N=z=C*GH, 


C*H,-N — C:NH 
I yc : NOH 
N=C-OH, 


Fig. I. 


series (Hirsch, B.j. 18973 xxx., 1148; Hantzsch, 
ibid.^ 1153). Double salts with auric chloride and 
platinic chloride have been prepared and are 
stable up to 120® C. in the dr>’ state (Morgan and 
Reilly, loc. cit.) (Fig. 5). 

Diazoamino derivatives are formed \rith fatty 
amines such as dimethyl amine, and are stable up 




1 ^ + 


Fig. 2. 

On adding a solution of any diazonium salt of to 120° C., when they begin to decompose into the 
the general formula III to boiling dilute sulphuric amine and a complex pyrazolone derivative, the 
acid the diazonium nitrogen is retained and a constitution of which has not been settled (Stolz, 
triazine IV is produced (Fig. 3)- B., 1908, xli., 3849). In this series, as in the 


CHyG C-R 

I ^GN,-HSO, 
N N-G.H. 


R = an alkyl group. 


CH,*C C'R 

I ^•N:N + H,SO 

IV 


Fig. 3. 
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pyra2c>l€s, the diazonium complex has been re- 
placed by iodine (Michaeiis, loc^ ciL)^ and by the 
triazo group (Forster and Muller, T,^ iqoq, xcv., 
2072) VII, but reduction with stannous chloride 
does not lead to a readily isolated hydrazine, pro- 
bably owing to condensation taking place with the 
carbonyl group in the ring (Morgan and Reilly, 
loc. cii.). 


to dryness in vacuo over potassium hydroxide, a 
colourless i><?diazo hydroxide is obtained, which is 
quite stable at 100® C., and couples only after 
being acidified. The diazonium complex is re- 
placed by hydrogen on reduction with alcohol, 
and with stannous chloride the hydrazine is ob- 
I tained (Thiele and Manchot, loc. cit.). 

Thiazole Series — 2-Aminothiazoie reacts in the 


r CHj-N CCH, -I CHj-N CCH, 

1 '^C N,C 1 I HCl ^ I 

CO CAN —CO 

' VI VII 

Fig. 5 


Iso-oxazole Series . — 4-amino-3*5-diraethylijro- ! 

oxazoie has recently been prepared and diazotised. 
The diazonium chloride VIII is ven’ soluble and 
is much less stable than the corresponding pyra- 
zoie compound. The diazonium aurichloride is 
sparingly soluble and stable on keeping in the dry 
state at the ordinary temperature (Morgan and 
Burgess, T.^ iqzi, cxix., 6^7) (Fig. 6). 


same way as aminotriazole with nitrous acid. In 
hydrochloric acid solution an unstable diazonium 
chloride is produced. This decomposes rapidly 
at 0“ C. into nitrogen and chlorothiazole. Oxy- 
acids give more stable salts, especially sulphuric 
acid. The perchlorate is explosive even at 0° C. 
The yellow diazonium aurichloride is sparingly 
soluble, and is stable in the diy state, but becomes 


O C’Me 

j ^C-NHNHa 
N=C*Me 
X 



N=C-Me 

XI 



» C*Me 

[=C*Me 


IX 


O CMe CMe 0 

j ^C-N:N*NH‘C^ 1 

■NT f> Me C'Me=N 


XII 


Fig. 6. 


The diazonium complex is readily replaced bv 
the tnazo group IX and by iodine XL The diazo- 
nium chloride reacts, with the base forming a 
well-defined colourless diazoamine XII, and is re- 
duced by stannous chloride, to the hydrochloride 
of the hydrazine X. 

Glyoxaline Series . — The bases of this group 
have not been studied exhaustively as regards 
diazotisability, but 2-aminoglyoxaline when 
treated successively with nitrous acid and alkaline 
^ naphthol gave a brownish-red, soluble azo- 
derivative, which does not appear to have been 
isolated (Pyman and Fargher, T.j igiq, cxv., 

247)’ 

Trimole Series . — When 5-aminotriazoles are 
diazotised in hydrochloric acid solution, the re- 
sulting salt decomposes fairly quickly at o® C. 
into nitrogen and the corresponding chiorotriazole 
(Thiele and Manchot, A.^ 1898, ccchi., 33) If, 
however, oxy-acids are used instead of hydro- 
chloric acid, more stable diazonium salts are ob- 
tained, although these are too unstable to be iso- 
lated (Morgan and Reilly, T., igi6, cix., 155) 
The sparingly soluble diazonium aurichloride has 
been isolated and is stable in the dr\’ state. When 
a solution of the diazonium nitrate is evaporated 


brown on washing with water. In feebly acid 
solution aqueous sodium nitrite gives an unstable 
orange-red powder, probably an isodiaso com- 
pound (Morgan and Morrow, T.^ igi5, cvii., 
i2Qi). Reduction of the diazonium sulphate \yith 
alcohol causes the replacement of the diazonium 
complex by hydrogen (Hantzsch and Popp, A., 
i88q, ccL, 2741. 

Pyridine and Quinoline Series — Nitrous acid 
acts on the amines derived from these bodies in 
the same way. The 0 and 7 amines when treated 
in hydrochloric acid solution \ield forthwith the 
corresponding chloro derivatives. This reaction 
suggests a rapid decomposition of a probable 
intermediate diazonium chloride (Marckwald, 
i8g8, xxxi., 2496; B. 1894, xxvii., 1325; H. Meyer, 
Monatsch.^ 1894, xv., 173; Claus and Howitz, /. 
Pr. Chein.j 1894, (2) L, 23). Oxy-acids have not 
been used and these would probably give bettei 
results. The i?-amines form diazonium chlorides, 
which do not appear to have been isolated but 
have been coupled %vith phenols (Mohr, 1898, 
xxxi., 2495; Watson and Mills, T.^ iQio, xcvii., 
743). The coiresponding / 3 / 5 -diazoaminopyridine 
is a yellow, crystalline, stable compound (Mohr, 
loc. cit.). 
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THE SPECTRA OF HYDROGEN FROM 
LONG VACUUM TUBES * 

By Prof. E. W. WOOD, FOT.Mem.R.S. 

The spectrum of hydrogen obtained in the labora- 
tory exhibits a B aimer series of lines, of which 
only twelve members are found under ordinary 
conditions. Thirty of the lines have been re- 
corded in the solar spectrum. The impossibility 
of obtaining the higher members of the series in 
the laboratory results, in part at least, from the 
presence of a continiK)us spectrum and the so- 
called secondary sepctrum. 

By employing vacuum tubes of imusual length 
it has been found that the secondary spectrum 
appears only at the ends, the central portion 
radiating a very pure Balmer spectrum. By this 
means it has been possible to record the series 
down to the twentieth line. Very remarkable i 
phenomena have been observed with tubes of this 
type. Starting with a very feeble current, the 
secondary spectrum only is in the tube, the Balmer 
lines being absent. As the current is mcreased 
the Balmer lines appear and increase in intensity, 
while the secondary spectrum fades away, passing 
through a minimum value of about one-fiftieth of 
the intensity shown at the ends of the tube, after 
which it slowly increases in intensity. 

If a heavy current is employed, there is an ex- 
plosive flash of the secondary spectrum at the 
moment of closing the switch, the Balmer lines 
being feeble. In about one-sixtieth of a second, 
the secondary spectrum has nearly disappeared 
(reduced to mie-fiftieth of its initial value) and 
the Balmer lines have risen to full intensity. 
These phenomena occur only when a trace of oxy- 
gen or water vapour is present. With pure hydro- 
gen, continued operation of the tube eventually 
causes the complete disappearance of the Balmer 
series, the secondary spectrum remaining, and the 
colour changing from fiery ' purple to white. A 
new s^ctrum has been found which is much more 
complicated in structure than the secondary spec- 
trum. This appears when the tube is in the con- 
dition best suited to the exhibition of the Balmer 
series. 


THE RECEPTION OF WIRELESS WAVES 
ON A SHIELDED FRAME AERIAL.* 

By ALAN A. CAMPBELL SWINTON, F.R.S. 

The paper describes experiments in receiving the 
spark emission from the Eiflel Tower on a small 
frame aerial placed inside a tube of wire network 
with open ends. It was hoped to obtain improved 
directional properties, but, though the presence of 
the tube weakened the signals, it was found that 
altering its direction did not aflect them, nor were 
the signals further weakened by closing the op^ 
ends of the tube by wire grids. 

The tube was next replaced by a sheet copper 
box with one open end. In this was placed, not 
only the frame, but also the amplifier and all the 
other apparatus, the telephone being listened to 
through a rubber pipe. Signals were beard of 
equal strength with the open end of the box point- 
ing tawards, or directly away, from Paris; but 
ceased when the box was turned so that the open 

*Read before Bntish Associatioot, Edinbargh Meeting (Sectioa A>. 


end faced at right angles to Paris, the frame still 
pointing to Paris ; or when the open end was com- 
pletely closed with copper or tinfoil cover. In 
the latter case the signals were still audible un- 
l^s the cover actually touched the box on all 
sides. For other positions of the box with the 
end open, signals could only be heard when the 
relative positions of the box and frame were such 
that a prolongation of the plane of the frame to- 
wards or away from Paris, no matter which, came 
out of the open end clear of the copper sides of the 
box. 


THE NORWEGIAN INDUSTRIES FAIR. 

This Fair, held in Christiania, September 4 — ii, 
appears to have been highly successful. From an 
account sent to us by Dr. ^bilien, much business 
appears to have been done; buyers came from 
practically every country in Europe and overseas ; 
the number of exhibitors was double that of last 
year, and the area of the Exhibition was much 
greater. 

The capital purpose of the Fair was to promote 
the sale of Norwegian products in home and 
foreign markets 

The Chemical Industry, particularly the manu- 
facture of sulphuric acid and fertilisers, is active, 
and is largely helped by the abundance of water- 
power. The Norwegian waterfalls are said to be 
capable of producing ten million horse-power. 

ElectricitS’^ was well represented in the Fair; 
there was a good show of dynamos and electric 
heating appartus. 

Cellulose, paper pulp, rubber, and ebonite wares 
and coal-tal products were shown. 

At a meeting of Norwegian merchants and 
financial representatives, the situation of the ex- 
port trade of the coimtry was discussed. Although 
Norway has been g^ted with a lot of raw stuffs 
(about every chemical element except tin and 
mercury is found in Norway), and with more 
energy in its waterfalls than any other country 
in Europe, it was statistically shown that few 
nations have to seek their conditions for living 
outside its own frontiers more than the Norwe- 
gian. All the Norwegian industry of machineiy 
and a very great part of its chemical industry is 
based on shipping and export. The lucky geo- 
graphical situation of the country in connection 
with its many lucky conditions for export will in 
the long nm come forward and bring up the 
country from the dilSculties that ju^ now are 
predominating. 

It was suggested that the Norwegian Industrial 
Fair ought to be a fixed annual institution, and in 
connection with the same, should grow up an 
opening term for sale of the more essential part 
of the Norwegian export trade — paper and paper- 
pulp, trade in fish cai, &c. 


Sir John Cass Technical Institute. — A new 
development in the activities of this Institute is 
the introduction of a course of lectures in Petro- 
leum Technology. The course will be opened by 
a special lecture at the Institution, Jewry Street, 
Aldgate, EX.^ on Monday, October 10, at 7 p.m., 
by E. H. Cunningham, Esq.^ B.A., F.R.S.E,, 
M.InstP.T., F.G.S., on the ‘Xeology of Petro- 
leum.*’ The Chair will be taken by Sir Frederick 
Black, K:C.B. 
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L— OCCURRENCE; EXTRACTION FROM GERMANIUM- 
BEARING Zinc Oxide; Non-Occurrence in 

Samarskite, 

By L M DENNIS and JACOB PARISH. 

Historical, 

Mendeleeff, in 1871, predicted the existence of an 
element to which he gave the name ekasilicon. 
In 18S5 there was discovered at the Himmels- 
fiirst mine near Freiberg in Saxony a new mineral 
which Weisbach named argyrodite [Neues Jahrb. 
/. Miner, y 1886, ii., 67). Richter made a super- 
hcial examination of this mineral, and found that 
Its chief constituents were silver and sulphur. 
Clemens Winkler then made careful analysis of 
the compound, and found that contained from 
73 to 75 per cent of silver, 17 to 18 per cent of 
sulphur, and smaller amounts of mercury, iron, 
and arsenic. The sum of these constituents, how- 
ever, amounted to only 93 to 94 per cent of the 
weight of the sample taken, and careful search for 
the cause of this discrepancy led Winkler to the 
discovery of a new element, to which he gave the 
name germanium 1886, xix., 210). He at 

first thought that this new element was an ana- 
logue of antimony, and that it would find place 
in the periodic system between antimony and bis- 
muth, but von Richter, Mendei^ff, and Lothar 
Meyer, in separate letters to Winkler early in 

1886, pointed out that the new element was very 
probably identical with the ekasilicon whose pro- 
perties had been predicted by Mendeleeff fifteen 
years earlier, and this view was borne out by 
Winkler^s later careful and brilliant experimental 
study of the element and its compounds (/. frah. 
Chem.^ 1886^ (New Series xxxiv.), cxlii., 177; 

1887, (New Series xxxvi.), cxliv., 177). 

Under Winkler^s direction, a large amount of 
ore-containing argyrodite was subjected to chemi- 
cal treatment for the extraction of germanium, 
but It was found that the material contained on 
an average not over 0-03 per cent of the element. 
The amount of germanium that he recovered was 
about 150 grms. 

Occurrence. 

(A) In Sulphide Materials. — In Argyrodite , — 
The mineral argyrodite is of rare occurrence, and 
no further appreciable amount pf it has been fur- 
nished by the Freiberg district since Winkler^s 
investigation in 1885. It is a sulphide of silver 
and germanium corresponding in composition to 
the formula 4Ag,S.GeSj|, with a germanium con- 
tent of a^ut 7 per cent. In 1893 Penfield {Amer, 
Jour, Sci.j 1893, (3),xlvii., 107) announced the dis- 
covery of argyrodite in Bolivia, stating at the 
same time that very little was known concerning 
the exact locality and mode of occurrence of this 
mineral. 

It is of interest to note that two mineral speci- 
mens which had been found in Freiberg in 1817 
and in 1821, respectively, were identified, one by 
Koibeck {Zenirb. f, Min. u. Geol. 1908, 331), and 
the other by Fren2el (Jahrb. f, Berg- u. Huiten- 

*Cootrib«itiem from the Department of Chemistry of Cornel! 
University. This article is ba^ upon a part of the thesis presented 
to the Facnl^ rrf the Giadnate ^hool of CotaeJl University by 
Jacob Papash in p ar t ial fn H Sime nt ci the requirements for the degree 
of Philosophy. 


weseitj 1900, 61; Ckem. Zentrb.^ igoi, i., 590) as 
being varieties of argyrodite. 

In Canfieldite. — This mineral, which was first 
described by Penfield in 1894 (Amer. Jour. Sci.^ 
1894, lii-, xlvii., 451), is in reality a stanniferous 
argyrodite. It was discovered in La Paz, Bolivia, 
and upon analysis was found to correspond to the 
formula 4AgaS. (Sn.Ge)S33 germanium replacing 
tin isomorphously. The germanium content of 
this particular rnineral was given by Penfield as 
1*8 per cent, while the content of tin was nearly 
7 per cent. 

A stanniferous argyrodite containing almost 5 
per cent of germanium was described by Prior 
and Spencer in i8g8 (Miner. Mag.j 1898, xii., 5). 
The sample upon which they worked came from 
Aullagas, Bolivia. These investigators also ex- 
amined a sample of the so-called brongniardite 
from the same locality, and found that it was 
nothing but a variety of stanniferous argyrodite. 

In Franbeite, — Stelzner (Neues. Jahrb. f. Min.^ 
1893, xi-j 1 14) proposed the name frankeite for a 
Bolivian mineral, the pmposition of which, 
according to Winkler (ibid.j p. iig), corresponds 
to the formula sPbS.aSnSa.SbaSs He found that 
it contained about 0*1 per cent of germanium. 
Khrushchov (Zhurnal Russkago Fimko-Khimi- 
cheskago Ob-’oa- 1892, xxjv.. Sec. i, 30) reported 
that he also had found traces of germanium in 
frankeite. 

hi Blendes, — Urbain (Comft. Rend.j 1909, 
cxiix., 602) made a spectrographic investigation 
of 64 samples of blendes and found that 38 of 
them showed the presence of germanium. Five 
of these contained the element in amounts suffi- 
cient to disclose all of its spectrum lines. These 
five richest samples came from Webb City, 
Missouri, Stolberg near Aachen, European Turkey 
(in 1909), Raibl in Austria (Urbain gives the 
source of this sample as “Raibl, Corinthie”; it 
should read “Carinthie, eng. Carinthia”), in Aus- 
tria, and Mexico. In conjunction with Blondell and 
Obiedoff, Urbain (Comft. Rend,^ 1910, cl,, 1758) 
extracted germanium from Mexican blendes and 
obtained 5 grms. of germanium from about 550 
kilogrms. of the mineral. 

Hillebrand and Scherrer {/. Ind. and Eng. 
Chem.j 1916, viii., 225) subjected various zinc 
ores to spectroscopic examination and reported the 
presence of germanium in sulphides from Mis- 
souri and Idaho. 

Buchan (/. Ind. and Eng, Ckem.j 1916, viii., 
585; I9i7» ix, 661) found germanium in zinc 
oxide iat had been prepared from spelter resi- 
dues, It was his belief that this material h^ 
been obtained either from a Wisconsin or a Mis- 
souri ore or from a mixture of both, and that the 
ger m anium in the final product had been greatly 
concentrated during the metallurgical treatment 
to which the ore had been subjected. The amount 
of germanium calculated as germanium dioxide 
in 3 ie original ore was estimated by him to be 
about O' 01 per cent, 

(B) In Minerals Containing Titanium ^ Zir^ 
coninm^ and Columbium. — In bis prediction of 
the existence of ekasilicon, Mendeleeff [Ann., 
Ebgtb SuppL, 1872, p. 200) expressed the opinion 
that this element should be looked for in com- 
plex minerals containing titanium, zirconium, 
and columbium. The later discovery of ger- 
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manium and the striking agreement of its proper- 
ties with those predicted for ekasilicoo stimulated 
the search for this element in minerals of the 
above character. 

In F ergmonite. — Kriiss and Nilson 1S87, 

XX., i6g6) examined the fluoride residues from 
fergusonite, but failed to find germanium in 
them. Khrushchov on the other hand, 

reported that he found traces of germanium in 
this mineral. 

In Enxemie. — In 1SS8, Kruss (Ber,^ 1888, xxi., 
131) announced the^ discovery' of germanium in 
euxenite. He surmised that the germanium in 
this mineral replaced a part of tetravalent tita- 
nium and for this reason he took up a search for 
germanium in other titaniferous minerals, such 
as rutile, yttrotitanite, and wohierite. The re- 
sults of this investigation were never published, 
and it is therefore fair to assume that Kruss did 
not find germanium in these minerals. 

Lincio {Zentrh. f. Mm.j 1904, 142) re-examined 
euxenite and failed to find even a trace of ger- 
manium in the mineral. He also analysed two 
samples that had been left by Kriiss, and that had 
been marked “germanium oxide’^ and “germanium 
sulphide'^ from euxenite residues, and found the 
first to consist of tantaiic and columbic acids, and 
the second of tantaiic and columbic acids and 
sulphur. No trace of germanium vs^as found in 
either sample. This would seem to establish the 
fact that euxenite is not to be regarded as a ger- 
manium-bearing mineral. 

In S&marsktts^ — ^Khrushchov {loc. cii,) stated 
he had found in American samarskite as 
much as 1*5 per cent germanium. His statement 
was given publicity in mineralogical and chemical 
periodicals and from these it found its way into 
chemical handbooks and textbooks. The correct- 
ness of this statement was later challenged by 
Lincio (loc. cit)^ and results obtained in this 
laboratory confirm Lincio’s view' {see ante). 

(C) In ike Sun. — In a provisional table of 
thirty-six elements present in the sun, Rowland 
r*John Hopkins Uniy. Circular,” No. 85; Amer. 
Jour. Sci.j 1892, xii., 243) placed germanium 
thirtieth in respect to the intensity of spectrum 
lines, and thirty-third in respect to he number of 
lines. 

(£?) In Mineral Waters. — Bardet {Comft, Rend., 
igi4^ civiii., 1278) examined various mineral 
waters spectroscopically, and found that ger- 
manium was present in many of them. He suc- 
ceeded in extracting 60 mgrms, of germanium 
dioxide from about 100 kilogrms. of residues, 
chiefly calcium carbonate, obtained in the manu- 
facture of Vichy salts from the natural waters. 
This amount of germanium dioxide represented 
250,000 litres of original Vichy water, and corre- 
sponded to 0*00024 mgrms. of germanium dioxide 
per litre of water, a quantity too small to render 
these waters practicable sources of supply of ger- 
manium. 

(jfiT) In Zinc Carbonate Ores. — Hilidbrand and 
Scherrer (loc. cit) observed that some zmc ,car- 
bonate ores from Colorado, Nevada, and Utah 
contain spectroscopic traces of germanium. 

(F) In Marine Plants . — Comec (Comft^ Rend., 
191Q, clxviii., 513), while making a spectrographic 
study of the ashes of marine plants, detected 
slight traces of germanium in the ashes of 
Laminaria. ' : 


Experimental. 

(d) Material. — ^Argyrodite and canfieidite, which 
at present are the only materials known to con- 
tain germanium as a definite constituent, are too 
rare to be regarded as sources of supply of the 
element. The extraction of germanium from 
spring waters, although strongly recommended by 
Bardet, is at present quite impracticable, because 
I kilogrm. of the residue contains only 0*6 mgrm. 
of germanium oxide. The extraction of ger- 
manium directly from blendes, as has been carried 
out by Urbain, is a very expensive and tedious 
operation. The most promising source of the ele- 
ment at the present time is the concentrate from 
certain residues obtained in the smelting of 
American zinc ores. Buchanan (loc. ctt.) reported 
that one such residue contained as much as 0*25 
per cent of germanium dioxide. A large supply 
of this most valuable material was presented to 
the Department of Chemistry’ of Cornell Univer- 
sity by the New Jersey Zinc Company, and the 
present investigation, as well as others that w’ill 
follow from this laborator>', would not have been 
possible except for the generous co-operation of this 
Company. Concerning the origin of this material, 
Mr. W. M. Kelsey (letter to L. M. Dennis, Sept. 
3, iqiq). Superintendent of the Palmerton plant of 
the New Jersey Zinc Company, states that it was 
obtained a fire concentration of certain resi- 
dues produced in the ordinary process of smelting 
for zinc. The Original ore was a mixture of high- 
grade sulphides from the Wisconsin and Missouri 
fields, roughly in the ratio of tw'o parts of Wis- 
consin ore to one part of Missouri ore.^’ 

(B) Extraction of Germanium. — None of the 
various methods that were employed by Winkler 
for the extraction of gennanium from argyrodite 
are adapted to the separation of the element from 
the germanium-bearing zinc oxide, because the 
association of elements in this latter material is 
quite different from ^at in argyrodite. Zinc 
oxide is, of course, present in preponderating 
amount, and the concentrate further contains con- 
siderable quantities of lead, arsenic, and cad- 
mimn^ and also traces of other elements, among 
them being indium, tin, and antimony. 

Preliminary trials were made of a variety of 
possible methods of separation, but as none of 
these was found to be satis {actor>', descriptions 
of them will not here be given. The procedure 
that was finally adopted is based upon the vola- 
tility of germanium tetrachloride, and is an 
elaboration of the method described by Buchanan 
(/. Iftd. and Eng. Chem., igi6, viii., 585). The 
essential feature of this process consists in treat- 
ing the crude zinc oxide with hydrochloric acid 
and then distilling off germanium tetrachloride 
in a current of chlorine. The chlorine maintains 
the arsenic in pcnt^vaient form, and thus prevents 
the distillation of arsenic trichloride with the ger- 
manium tetrachloride, 

In the first trials of this method, portions of the 
crude zinc oxide of from 250 to 1000 grms* each 
were treated wii hydrochloric acid, chlorine gas 
was passed throi^h the apparatus, and 
ture was heated to effect the distillariim df the 
germanium tetrachloride. This gave ^ I^roduct 
substantially free from arsenic, but ihe pecesrity 
for long passage of large amounts M chlorine 
through the apparatus rendered ihe procedure un- 
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suited to the extraction of germanium on a large 
scale from several hundred pounds of the crude 
material, Brotming and Scott {Amer, Jour, Sci,^ 
1917, (4) xliv., 313; 1918, xlvL, 663) substituted 
potassium permanganate, manganese dioxide, 
potassium chlorate, or potassium dichromate for 
chlorine. They used the method for the detection 
of germanium in very small samples that con- 
tained less than a grm. of AsaO* or AS3O3, and 
not more than 5 mgrms. of germanium. But even 
so they found that when from 0*3 to 0*5 grm. of 
AsaO* was used, some arsenic appeared in the dis- 
tillate. It is apparently essential that if the form- 
ation of arsenic trichloride and its consequent 
appearance in the distillate are to be avoided, 
the concentration of chlorine must be high 
throughout the whole distillation. Fresenius 
(Zeit. /. miL Chem,^ 1862, i , 447) states that when 
a mixture of sodium arsenate and concentrated 
hydrochloric acid is distilled, small anaounts of 
arsenic are volatilised. Mayrhofer (Liebig’s Ann^^ 
1872, civiii., 326), in attempting to remove arseni- 
cal impurities from hydrochloric acid noticed that 
even when the acid was first treated with chlorine 
or when some pyrolusite was added to the acid 
and it was then distilled, small amounts of arsenic 
were always found in the distillate. Hehner 
(Analyst^ 1Q02, xxvii., 268) distilled arsenic acid 
with strong hydrochloric acid, and obtained com- 
paratively large quantities of arsenic in the 
several fractions of the distillate. He states 
that “a similar result was obtained when potas- 
sium permanganate had been added before the be- 
ginning of the distillation, or, in other words, 
when 3 ie distillation was begun in the presence 
of chlorine.” 

In an investigation of the reaction between 
hydrogen sulphide and arsenic pentoxide in the 
presence of hydrochloric acid, Usher and Travers 
(Jour. Chem. Soc,j 1905, Ixxxvii., 1370) studied 
the reaction between arsenic pentoxide and hydro- 
gen chloride in sealed tubes. They concluded 
that the reaction is that expressed by the equation 

AsjOs+ioHCl ^ — ^2AsCi»+2Cls+sH*0, the equi- 
librium shifting rapidly to the right with increas- 
ing concentration of hydrogen chloride. 

These observations upon the reduction of arsenic 
pentoxide by concentrated hydrochloric acid and 
volatilisation of arsenic trichloride when such a 
mixture is distilled, have been sustained by the 
experimental evidence accumulated in this labora- 
tory during the progress of the investigation here 
described. When potassium permanganate was 
add^ to the crude zinc oxide, and this was then 
distilled with an excess of concentrated hydro- 
chloric acid, arsenic trichloride passed into the 
distillate. To maintain the concentration of 
chlorine, the procedure was modified by slowly 
running into the flask a solution of the potassium 
permanganate during the distillation with hydro- 
chloric acid. It was found that the dilution of 
the acid soon rose to such an amount that the 
germanium tetrachloride instead of distilling off 
was hydrolysed in the flask. To ascertain whether 
a mixture of sodium arsenate and sodium ger- 
manate, when distilled with an excess of concen- 
trated hydrochloric acid, would yield arsenic tri- 
chloride in the distillate, a mixture of the oxides 
of arsenic and germanium was fused with a slight 
excess of sodium peroxide, the fused mass was 


dissolved in water, and the solution was heated 
to boiling. It was then cooled, an excess of 
hydrochloric acid was added, and the liquid was 
distilled. The distillation gave a yellow precipi- 
tate, with hydrogen sulphide which indicated the 
presence of arsenic. In another experiment lead 
dioxide was used in place of sodium peroxide. 
Arsenic here also passed into the distillate. These 
experiments, as well as the observations of pre- 
vious investigators, indicate that if the volatilisa. 
tion of arsenic acid is reduced to arsenic trichlor- 
ide during distillation with hydrochloric acid un- 
less high concentration of chlorine throughout the 
distillation is maintained. 

In checking the accuracy of this separation of 
arsenic from germanium by distillation, it was 
further necessary to ascertain whether arsenic tri- 
oxide when dissolved in sodium hydroxide, satur- 
ated with chlorine, and then acidified with hydro- 
chloric acid, would yield any arsenic trichloride 
when distilled in a current of chlorine. 

This was tested experimentally by dissolving 
$ grms. of arsenic trioxide in 20 cc. of a 30 per 
cent solution of potassium hydroxi^d^, saturating 
this solution with chlorine, and thep, without in- 
terrupting the current of chlorine, adding 190 cc. 
of pure concentrated hydrochloric ^cid, and dis- 
tilling. A Reitmair-Stutzer bulb wa^ used to pre- 
vent, so far as possible, the mechaHical passage 
of some of the liquid into the distillate. Two 
fractions of 40 cc. each were obtained. Each of 
these was saturated with hydrogen sulphide. 
After twelve hours there separated; a few small 
yellow particles that resembled sulphur. The^ 
were removed with the aid of a glass rod, and 
were treated with nitric acid, ,the acid being 
wanned over a small flame. The particles melted 
and coalesced, forming a globule ^bout i mm. in 
diameter. On cooling, this solidified to^ a hard 
yellow particle, which was in all pr^ability sul- 
phur, but it was tested for arsenic^^hy^ adding 
ferrous sulphate to reduce the nitric then 

adding dilute sulphuric acid, warming tae mix- 
ture to remove oxides of nitrogen, and rfeally 
subjecting the material to the ^^modified Gun^t 
test” (Dennis and Whitt elsey, “Qualitative Anal;^ 
sis,” revised edn., p. 31). The reaction was 
allowed to proceed for ten minutes, but no dis- 
colouration of the crystal of silver nitrate Was 
discernible. 

To ascertain whether there might still be a 
trace of unprecipitated arsenic in the two frac- 
tions of the distillate, which was somewhat milky 
because of liberated sulphur, they were united and 
placed in a small distilling flask that was pro- 
vided with a separatory funnel. Several portions 
of nitric acid were successively added through 
the funnel and the liquid was boiled until almost 
all chlorine was removed. More nitric acid was 
then added, and the solution was evaporated 
almost to dryness. This was then subjected to 
the Gutzeit test in the manner above described. 
A very slight yellow colouration of the crystal 
of silver nitrate appeared at the end of fifteen 
minutes. This may indicate that a mere trace of 
arsenic passes over as arsenic trichloride under 
the above conditions, or that a minute amount of 
the solution was carried over mechanically. 

In the above experiments, blank tests showed 
the absence of arsenic in the hydrogen sulphide, 
and a trial of the Gutzeit method, in which a 
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minute quantity of arsenious sulphide was added, 
yielded at once a strong, positive result, the 
crystal of silver nitrate beginning to darken im- 
mediately and becoming black at the edges after 
only a few moments. 

Muller {Joitrn. Am, Ckem, Soc.^ ig2i, xliii., 
1085), in a recent article upon the atomic weight 
of germanium, states that ^‘the chlorine-hydro- 
chloric-acid distillation process, though adequate 
for the removal of silica and tin, can hardly be 
accepted as a means of eliminating the last traces 
of arsenic from germanium compounds Four re- 
distillations of the chloride from hydrochloric acid 
solution in a stream of chlorine failed to remove 
the last of the arsenic.” Careful perusal of his 
article fails to reveal experimental support for 
this statement. In fact, in his description of the 
purification of germanium, he remarks that the 
precipitation of redistilled germanium tetrachlor- 
ide by hydrogen sulphide yielded a "‘snow-white 
germanium sulphide.” The point is of import- 
ance, and the possible presence of arsenic in the 
distilled germanium tetrachloride will be care- 
fully followed during a further work in this 
laborator5\ Inasmuch as only a very faint 
trace of arsenic was found in the distillate 
from AsaO, in hydrochloric acid in a current of 
chlorine, it is probable that a second distillation 
of germanium chloride in a rapid current of chlor- 
ine will yield a product free from arsenic. 

To avoid the necessity for the use of the very 
large amounts of chlorine that would be called 
for if the germaniferous zinc oxide were directly 
distilled with hydrochloric acid in a current of 
chlorine for the separation of germanium, it was 
decided to distil off germanium tetrachloride and 
arsenic trichloride together from the crude zinc 
oxide and thus to effect, as a first step, the separa- 
tion of the germanium from the large amount of 
the zinc oxide that is present in the original 
material. 

Af far atm. 

The unit still consists of a round-bottom s-litre 
Pyrex fiask that is supported on an asbestos 
‘^collar” lo cm. high, the collar resting on an iron i 
plate and this on a strong tripod. {This device 
for heating glass or porcelain vessels that contain 
a mixture of liquid and solid materials has been 
in use in the Cornell Laboratory for several years. 
A ‘"collar” is made from asbestos board ^in, to iin. 
thick, a strip of the board of the desired width 
being first thoroughly wet with water, then bent 
into a circle and fastened at the overlapping ends 
with iron or copper wire, and finally dried. The 
“collars” may, of course, be made of any desired 
diameter. The collar is placed upon an iron 
plate about ^in, thick, and this plate rests in turn 
upon an iron tripod. If the collar is dipped in a 
dilute solution of sodium silicate, it becomes stiff 
when dry, and although somewhat brittle, its life 
is prolonged by the treatment A glass fiask or 
porcelain evaporator placed on one of these 
collars does not come into direct contact with the 
gas fiames under the iron plate, and local heating 
that would result from the direct application of 
the flame to the container, which often causes 
the fracture of the vessel, is thus avoided. The 
collar is especially useful in the long digestion 
of a powdered mineral with acids.) A two-hole 
rubber stopper in the neck of the flask carries a 


bent glass tube for connection with a Liebig con- 
denser, and through the other opening of the 
stopper is inserted a short glass tube through 
which the desired amount of concentrated hydro- 
chloric acid may be blown into the flask by air 
pressure from a large, graduated bottle. After 
the acid has been driven into the fiask in the 
actual operation, the glass tube is replaced bv a 
solid glass plug. A bent glass tube is attached 
to the further end of the condenser by means of 
a short piece of rubber tubing. This glass tube 
is about 10 mm. in diameter, and reaches nearly 
to the bottom of a 4-litre bottle, which serves as 
a receiver. The iron plate upon which the collai 
rests is heated with a large Maker burner, and to 
avoid loss of heat, the tripod is surrounded b> 
sheets of asbestos board. The duration of each 
distillation is further shortened by covering the 
upper part of the flask with an asbestos jacket. 
This jacket is made by first covering that part of 
the flask which projects above the collar with a 
layer of moist filter paper. Asbestos felt which 
been soaked in water is then laid upon the paper 
in overlapping pieces and smoothed down to an 
even continuous layer. Wet asbestos cement is 
then laid ^over the whole exterior of the jacket. 
The opening in the top of the jacket is made 
sufficiently large to permit of the removal of the 
cap from the fiask. The cap is allowed to dry on 
the flask and is then removed, and its lower edge 
and the upper rim are dipped in a solution of 
sodium silicate to stiffen them. The receiver 
stands in an earthenware jar. 

DistiUation, 

One kilogrm. of the crude zinc oxide is intro- 
duced into the flask, water is placed in the re- 
ceiver to such depth as just to cover the end of 
the glass tube, and the earthenware jar in which 
the bottle stands is filled with cracked ice. 
2500 cc. of commercial concentrated hydrochloric 
acid (i : 18 sp. gr.) is next driven into the flask 
through the glass tube in the stopper, and the tube 
is then replaced by a solid glass plug. The heat- 
ing of the flask is begun and continued until 
2000 cc. of the distillate has collected, this amount 
having been shown spectroscopically to suffice for 
the recovery of all the germanium. The flask is 
then disconnected from the condenser, and the 
inner tube of the condenser and the tube attached 
to its far end are rinsed out into the receiver with 
a little concentrated Hydrochloric acid. At the 
end of the distillation the material in the receiver 
is a turbid liquid consisting essentially of hydro- 
chloric acid carrying germanium and arsenic in 
solution. The duration of a distillation is usually 
from three to five hours* In this laboraton* the 
stills were set up in pairs, and at one time tw^enty 
such stills were in simultaneous operation. 

TAe Precifit&tion &f Germanium and Arsenic 
by Hydf&gen Stdfhide. 

The acid distillate may now be precipitated by 
hydrogen sulphide in such manner as to throw 
down all of the ars^ic and germanium that are 
present, or the conditions may be so regulated as 
to cause the precipitatioii of arsenic trisulphide 
alone or mixed with only a very small amount of 
germanium sulphide. This last procedure was 
used by Winkler {/* /. fraht, Chem,^ 1S86, cxlii., 
194), and is now being studied in this laboratory. 
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The method that we have employed up to the 
present time involves the simultaneous precipita- 
tion of the sulphides of germanium and arsenic. 

Successive distillates are poured into a 15-litre 
glass bottle until about 10 litres of the solution 
has been collected. Since the precipitation of 
germanium disulphide is most complete when the 
acid concentration is about 6N, concentrated sul- 
phuric acid is slowly added to the contents of the 
bottle until the acidity is brought to about this 
point. The acid is run in from a separatory 
funnel that passes through one opening of a trvo- 
hole lubber stopper inserted in the neck of the 
bottle. A short, bent, delivery tube is placed in 
the other opening of the stopper, and this tube 
dips into a litre of 6N sulphuric acid that has been 
saturated with hydrogen sulphide. This serves to 
stop any germanium tetrachloride that might be 
volatilised during the addition of the sulphuric 
acid. Washed hydrogen sulphide is now passed 
through this solution Yello-w sulphide of arsenic I 
tinct layer on the top of the yello^v sulphide of 
is first precipitated. White germanium disulphide 
next appears, and if the liquid is not agitated, 
this white sulphide separates as a distinct layer 
on the top of the yellow sulphide of arsenic 
When precipitation is complete, the large bottle 
is stoppered and is allowed to stand for 24 hours. 
The contents of the bottle is then brought upon 
a filter and the sulphides are washed with the aid 
of suction with 3N sulphuric acid that has been 
saturated with hydrogen sulphide. 

The filtrate from the sulphides of germanium 
and arsenic is placed in a large bottle or in a tall, 
covered, glass cylinder, and allowed to stand for 
48 hours. At the end of this time a slight precipi- 
tate of the sulphides separates out. The super- 
natant liquid is then syphoned off and the bottle 
or cylinder is filled with the filtrate from the next 
precipitation, which is again allowed to stand for 
48 hours. When a fairly large amount of the 
sulphides has accumulated in the vessel, it is 
brought upon a filter and washed as before. The 
amount of germanium that is recovered by this 
treatment averages about 2 mgrms. for ever>' litre 
of filtrate. 

From this point forward, two different pro- 
cedures have been followed. In the first of these 
the moist sulphides are dissolved in a 50 per cent 
solution of sodium hydroxide with the aid of heat. 
Successive portions of the sulphides are added to 
this solution until a small amount is left un- 
dissolved. This is then taken into solution by the 
addition of a little more of the concentrated solu- 
tion of sodium hydroxide, and then about 8 grms. 
of solid sodium hydroxide is added to render the 
solution strongly alkaline, which facilitates the 
later oxidation of the arsenic. This solution is 
then placed in a Pyrex fiask, which is provided 
with a rubber stopper that carries a delivery tube, 
a separatory funnel, and a glass tube that reaches 
nearly to the bottom of the flask. This last tube 
has a wider tube fused to its lower end to avoid 
stoppage. The fiask is placed on an asbestos 
collar, and is connected with a condenser and a 
receiver in the manner above described. Washed 
chlorine is then passed through the liquid in the 
flask to convert the arsenic to the pentavaient 
form. When the contents of the fiask has been 
saturated wdth chlorine, and the apparatus is 


filled with the gas, the speed of the flow of chlor- 
ine is lessened, and concentrated hydrochloric 
acid is run into the flask through the separatory 
funnel until the acid is in large excess. The 
flask ^ is then heated and the germanium tetra- 
chloride is distilled in a slow current of chlorine, 
the distillation being continued until half of the 
liquid in the flask has passed over. 

The major part of the germanium tetrachloride 
passes over betAveen qo° and 100°. If the tetra- 
chloride is present in appreciable amount, it will 
appear in the inner tube of the condenser in oily 
drops. Instead of collecting the germanium 
tetrachloride as such from this distillation, some 
Avater is placed in the receiver to hydrolyze the 
compound. The resulting hydrated germanium 
dioxide is pure AV'hite in colour. If any of the 
oily tertrachloride is seen to collect under the 
layer of liquid on the bottom of the receiver 
during the distillation, it is an indication that the 
concentration of hydrochloric acid in the receiver 
is so high as to repress the hydrolysis of the ger- 
: manium tetrachloride. In such case more water 
: is poured into the receiver When half of the 
liquid in the fiask has passed over, the receiver 
is removed and a fresh receiver containing some 
AA^ater is put in its place. A volume of concen- 
trated hydrochloric acid, equal to the volume of 
the liquid that has distilled over is now run into 
the flask through the separatory funnel, and the 
distillation is continued. When half of the liquid 
now in the fiask is distilled over, most of the ger- 
manium tetrachloride has usually passed into the 
distillate, but it was found that complete separa- 
tion of that element as the tetrachloride is effected 
only by many repetitions of the distillation. 

The hydrated germanium dioxide is now col- 
lected on a small disc of filter paper supported 
by a Wi^^: Pl^te in a large funnel and is washed 
first with dilute sulphuric acid and then with 
small portions of cold water. It is transferred to 
an evaporating dish and is dried in an air bath at 
a temperature of 110°. Photographs of the arc 
spectra of various portions of this material showed 
that the germanium dioxide contained traces of 
sodium, calcium, and iron. Fractional precipita- 
tion of a solution of a sample of the dioxide by 
hydrogen sulphide failed to disclose the presence 
of arsenic. 

Germanium in the filtrate and washings from the 
hydrolysed germanium dioxide is recovered by 
precipitation Avith hydrogen sulphide and set aside 
for 24 hours. The white germanium disulphide 
is collected on a filter disc, and is washed Avith 
3N sulphuric acid that has been saturated with 
hydrogen sulphide. The precipitate is then trans- 
ferred to an evaporating dish, is moistened A\dth 
nitric acid {i : i), is heated until almost all of the 
nitric acid has been removed, is again moistened 
Avith concentrated nitric acid and heated, and is 
finally ignited in a crucible. When a fairly large 
amount of germapium dioxide has thus been re- 
covered from the filtrate and wash water, it is 
again distilled in chlorine to complete its purifi- 
cation. 

To free the germanium dioxide from the traces 
of impurities noted above, it is dissolved in a 
slight excess of sodium hydroxide with the aid of 
heat, the solution is treated Avith chlorine in the 
manner above described, hydrochloric acid is 
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added, and the germanium tetrachloride is again 
distilled off in a current of chlorine and is hydro- 
lysed as before. 

The above method for the separation of ger- 
manium and arsenic gives quite satisfactory re- 
sults in respect to the completeness of the recovery 
of the germanium, but it is open to the following 
objections. 

The precipitate of the mixed sulphides contains 
a preponderating amount of arsenious sulphide 
This necessitates the use of large quantities of 
sodium hydroxide, chlorine, and hydrochloric 
acid, and greatly len^hens the time of treatment 
with chlorine. Again, the addition of hydro- 
chloric acid to the chlorinated solution of the 
mixed sulphides in sodium hydroxide reprecipi- 
tates a part of the sulphides, and the conversion 
of the germanium in this precipitate into the vola- 
tile germanium tetrachloride by the action of 
hydrochloric acid and chlorine proceeds very 
slowly. Fmthermore, a large amount of arsenic 
in the precipitate causes the appearance of some 
of that element in the distillate even though the 
current of chlorine through the apparatus is not 
interrupted during the distillation. This fact 
necessitates a second precipitation of the sulphides 
of germanium and arsenic and a redistillation m 
chlorine in order to free the germanium com- 
pletely from arsenic. 

It is evident that these difficulties would largely 
be obviated if the greater part of the arsenic 
could be separated from the germanium before the 
distillation in chlorine. Preliminary experiments 
indicated that this separation could be accom- 
plished by roasting tbe dried sulphides in air, and 
this led to the development of the second pro- 
cedure for the treatment of the mixed sulphides, 
which is as follows : — 

If the mixed sulphides^ of germanium and 
arsenic are to be roasted, it is, of course, essential 
that the sulphide precipitate be washed free from 
chlorides before the roasting to avoid loss of 
germanium through volatilisation of germanium 
tetrachloride. To this end the washing of the 
sulphides with 3N sulphuric acid is continued 
until the chlorides are completely removed. The 
absence of chlorides in the wash water is ascer- 
tained by adding cadmium nitrate to a portion of 
the liquid to precipitate the hydrogen sulphide, 
filtering off the precipitate, and then adding silver 
nitrate to the filtrate. The washed sulphides are 
transferred to a large evaporating dish and are 
dried in an air bath at 110°. 

The dried sulphides consist of from 78 to go per 
cent of arsenious sulphide, the remainder ^ing 
germanium disulphide and moisture, together 
with small quantities of sulphur and sulphuric 
acid. These dry, crude sulphides are placed in 
shallow iron dishes, and are roasted in a muffle 
furnace at a temperature not to exceed 500®. This 
removes the greater part of the arsenic. In the 
roasting of the sulphides, it is important that the 
temperature does not rise above 500®, for other- 
wise there will be a loss of germanium. When 
the roasting was carried on at a temperature some- 
what above 600°, about 30 per cent of the ger- 
manium was volatilised. At temperatures rang- 
ing between Soo® and qoo®, about ^ per cent of 
the germanium was lost by volatilisation. That 
there was no loss of germanium when the roasting 
was carried on at a temperature not above 500® 


was ascertained by placing a curved sheet of alu- 
minium above the iron dish in the muffle and sub- 
jecting to spectrographic examination the sublim- 
ate that collected on it. The roasting is stopped 
when fumes cease to appear. 

Each of three loo-grm. samples of the dried, 
crude sulphides yielded, on roasting, about 24 
grms. of the germaniferous residue. The actual 
decrease m the amount of arsenic was, however, 
greater than this difference of weight indicates, 
because of the formation of a considerable amount 
of iron oxide during the roasting. The extent of 
the removal of arsenic was approximately 
ascertained by determining the amount of 
arsenic in an unroasted sample and in 
that sample after roasting. Before roasting, 
the material contained 78*2 per cent of As^S,, and 
after roasting, 5-52 per cent of arsenic calculated 
as AsjSj. These results indicate that somewhat 
over go per cent of the arsenic is removed by this 
treatment. 

The germanium in this residue is extracted by 
dissolving the finely pulverised material in a 50 
per cent solution of sodium hydroxide with the 
aid of heat. The heating is then stopped and the 
flask is connected with a condenser and receiver 
for distillation in the manner previously des- 
cribed. Chlorine is passed through the apparatus 
until the liquid in the flask is saturated, where- 
upon the speed of flow of the chlorine is lessened 
and two parts by weight of concentrated hydro- 
chloric acid to every one part by weight of the 
roasted residue is next run into the flask through 
the separatory funnel Half of the liquid in the 
flask is distilled over and then an equal volume 
of concentrated hydrochloric acid is run into the 
flask and that same volume of distillate is again 
collected. This usually completely removes the 
germanium and no more than faint traces of 
arsenic are found in the distillate. The resulting 
hydrated germanium dioxide is freed from the last 
traces of arsenic by dissolving it in sodium 
hydroxide, chlorinating the solution, and again 
distilling with hydrochloric acid in a current of 
chlorine. 

This procedure of first roasting the mixed sul- 
phides to remove the greater part of the arsenic 
and then distilling off the germanium tetrachlor- 
ide from the residue is superior to the first method 
of distilling the germanium tetrachloride from the 
mixed sulphides direct, in that the consumption 
of materials is less, the time needed for the dis- 
tillation IS much shorter, and the separation* from 
arsenic is more complete. It possesses, however, 
one drawback, the necessity of washing the mixed 
sulphides free from chlorides before roasting. If 
a small sample of the sulphides be washed with 
3N sulphuric acid that has been saturated with 
hydrogen sulphide, chlorides can be removed 
quite completely and the filtrate is free from de- 
tectable amounts of germanium, but it was found 
that when this metb^ was used on a large scale, 
repeated washing with 3N sulphuric acid yields 
eventually a milky filtrate which slowly deposits 
white germanium sulfffiide when its acidity is 
brought up to 6H. jfi sulphuric acid saturated 
with hydrogen suliffiide was substituted for the 
3N acid. This gave a clear filtrate from which 
no appreciable amount of germanium sulphide 
separated on standing, but the removal of the 
chlorides was very slow. Attempts to wash the 
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piecipitated sulphides with 5K sulphuric acid by 
decantation led to no satisfactoiy results. 

Either of the above processes yields a very pure 
germanium dioxide. The first gives a somewhat 
higher yield, and the second procedure is consider- 
ably shorter. The precipitation of arsenic tri- 
sulphide substantially free from germanium sul- 
phide from weakly acid solutions is now being 
studied m the hope that a procedure superior to 
either of those above described may be developed. 

(To be continued). 


CHEMICAL NOTICES FROM FOREIGN SOURCES. 

Com pies Rend ns Hehdoinadaires des Seances de 
V Academic des Sciences, Vol. clxxiii., No. ii. 

^Induction Spectrum of Rubidium. ’ — By M. 
Louis D unoyer. 

•The Inversion of Rotatory Power of Deriva- 
tives of Tartaric Acid.^' — By M. R. de Maliemann. 

“Influence of Temperature on the Utilisation 
of Glucose for the Development of Aspergillus 
Niger/’ — By MM. Emile F. Terroime and Rene 
Durmser. 


NOTES. 

The Fuel Economy Review for August contains 
an important paper on the “Economics of Coal 
Productions” by Prof. Henry Louis, M.A., D.Sc., 
A.R.S.M. The waiter takes a very serious view 
of the present situation in the coal industry, and 
gives much valuable statistical information. 
With regard to the decrease in production in the 
coal industry, it is stated that “it is becoming in- 
creasingly evident that unless work is to be done 
in the future in a different spirit to what it has 
been in the past, the British coal industry' is 
doomed to disappear.” This is a statement of very 
seiious import, and it is to be hoped that the 
different spirit that many are hoping for will soon 
influence both colliery owners and miners. Con- 
trasted with other countries, British coal costs 
much more to produce, and we are at the moment 
surrounded by competitors more favourably cir- 
cumstanced than we are, a condition that does not 
seem very hopeful. Our only chance for holding 
our own is that of greatb' increased production, 
which is quite possible provided the hoped for 
“new spirit” will come along. Prof. Louis’s final 
conclusion is that an increase in production with 
a corresponding decrease in selling price is the 
only means of stimulating the demand and re- 
viving trade, and the essential condition to render 
this possible is the cheapening of the coal supply. 
In coal production as in all othei branches of our 
national industries, our needs may be summed up 
in one phrase : Less “Labour” and more Work ! 


HEW COMPANIES. 

The lander-mentioired particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
Jordan & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C.a, 

ViTAMiNES, Limited.— <176740) — Register^ September lotib, 
igai. To acquire Patents and to Manufacture, Dem in, or other- 
mse turn to account. Food of all descriptions. Nominal Capital : 
£1^000 in ^,000 Shares of i/- each. Directors : E. Ogdew, Bel^eid, 


South Shore, Blackpool: Isabella C. Morgan, 7» Park Street, 
Swinton. Qualification of Directors: 1 Share Remuneration of 
Directors . To be voted by Company in General Meeting 

W. Dadby, Limited.— {177641)— Registered September rath, 
1921. 167, Charnwood Street, Leicester. To carry on the business 
of Chemists and Druggists. Nominal Capital: £1,000 in 1,000 
Ordinary Shares of £i each. Directors : W, Dai by, 167, Charnwood 
Street, Leicester K. C. Biggs, 51, Highfield Street, Leicester. 
Qualification of Directors • 1 Share. Remuneration of Directors . 
To be voted by Company in General Meeting. 

Industrial Soap, Co., Limited.— 176784) — Registered Sep- 
tember 14th, 1921. To carry on the business of Manufacturers and 
Dealers in Soap, Oils and Oleaginous and Saponaceous substances 
Nominal Capital : £10,000 in 10,000 Shares of £2 each. Directors 
To be appomted by Subscribers. Qualification of Directors : £100. 
Remuneration of Directors : To be voted by Company in General 
Meeting. Subscribers; W, Nichol, 2, Victoria Road, Levenshulme 
(500 Shares) ; C. Miller, 41, Albert Road, Levenshulme (500 Shares) , 
J. Miller, Green Mount, 220a, Plymouth Grove, Chorlton-on- 
Meadlock {500 Shares) ; F. Bridge, Smithfield Market, Manchester 
<500 Shares) ; G. Marsdenam, 8, Market Street, Warrington {300 
Shares) ; H. W. Billam, 7, St. Jo]||n Street, Manchester (400 Shares). 

Fletcher’s Pharmacy, Limited. — (176749) — Registered Sep- 
tember 12th, 1921. 166-168, North Street, Leeds. To carry on the 
business of Chemists and Druggists. Nominal Capital £500 in 
500 Shares of £i each Directors : P. Hipps, 50, Kent Road, 
Harrogate; M. Fletcher, 166-168, North Street, Leeds. Quali- 
fication of Directors * 50 Shares. Remuneration of Directors ■ To 
be voted by Company. 

Harris & Morris (Chemists), Limited.— (176734)— Registered 
September loth, 1921. ^ 199a, High Street, Swansea To carry on 
thebusmess of Cnemists and Druggists. Nominal Capital £500 
in 500 Shares of £i each. Directors: To be appointed by Sub- 
scribers. Qualification of Directors: i Share. Remuneration of 
Directors ; To be voted by Company. 
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NOTES ON WATER POWER 
DEVELOPMENT. 

Addrf.ss Delivered before Section G 
(Engineering) 

B\ PuoiEssoR A H. Gibson, D.Sc., President 
of the Section. 

The extent to which the water powers of the 
world have been investigated and developed 
during the past decade forms one of the striking 
engineering features of the peribd. Although 
falling or flowing water formed the earliest of the 
natural sources of energy" to be utilised for indus- 
trial purposes, it is of interest to note that two- 
thirds of the water power at present in use has 
been developed within the last ten years. 

The reasons for the revival of interest in this 
question are partly technical and partly economic. 
The technical development of electric genera- 
tion and transmission has made it economically 
possible to utilise powers remote from any indus- 
trial centre, while a rapid increase in the demand 
for energy for general industrial purposes and for 
the many electro-chemical, electro-physical, and 
electro-metallurgical processes which are now in 
general use, and whose field is rapidly growing, 
has provided a ready outlet for all such energy 
as could be cheaply developed. 

The urgent demand for energy to supply the 
abnormal requirements of the war period, com- 
bined with the world shortage of fuel, was res- 
ponsible for an unprecedented rate of develop- 
ment in most countries with available water power 
resouices, and especially in those co-untries nor- 
mally dependent on imported fuel. 

Thus in France some 850,000 water horse-power 
has been put into commission since 1915, and the 
countr>’ now has 1,600,000 horse-power under con- 
trol as compared with 750,000 before the uvar. In 
Switzerland some 600,000 horse-power has been 
developed since 1914, or is in course of construc- 
tion, as compared with 880,000 horse-power before 
the war. In Spain, where the pre-war output was 
150,000 horse-power, the present output is 620,000 
horse-power, and about 260,000 horse-power is now 
in course of development, while the Spanish 
Ministeno de Fomento is considering the develop- 
ment of some 2,000,000 horse-power to be de- 
livered into a network of transmission lines cover, 
ing the industrial parts of the country. 

In Italy, schemes totalling about 300,000 horse- 
power are under way, and it is estimated that the 
total output will shortly, amount to 2,000,000 
horse-power. The Government Hydrographical 
Department *rs now engaged in gauging ^nd sur: 
veying the profiles of the principal and 
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statistics of available reservoir sites of lakes suit- 
able for storage and of available horse-power are 
being compiled. 

Japan, which only recently began to investigate 
her water pouers, has, since 1916, develoj)ed over 
1,000,000 horse-power, or almost 20 per cejt of 
her available resources. 

In Canada and the United States many large 
schemes have recently been brought into service, 
and some extremely large installations are now in 
course of construction or are projected. Thus the 
Queenston-Chippewa project on the Canadian side 
of the Niagara River is intended to develop some 
500,000 horse-power, while a projected develop- 
ment of the St. Lawrence River will be capable of 
yielding 1,700,000 horse-power. In Canada, the 
total development (2*3 million horse-power) in 
IQ 1 8 was almost three times as great as in igio. 
In the United States of America the development 
has increased from something under two million 
horse-power in iqoi, to 5*3 millions in 1908, and 
to nearly io*o millions in 1920. 

Rapid as has been the development of water 
power in the United States in the past, it has been 
retarded by the fact that the privilege of using 
the national forests or other public lands for 
water power development has only been granted 
by the issuing of permits which were not available 
for any definite period and which were revocable 
at the will of the Granting Authority. In the 
case of development on navigable streams, 
fa wether on public or private land, each scheme 
has required a special Act of Congress, and these 
Acts could be revoked by Congress at any time. 
Owing to the uncertainty of tenure there has 
naturally been some reluctance to invest capital 
in such undertakings. 

By the recent Federal Water Power Act, 
signed in June, 1920, licences for such develop- 
ments may now be issued under the jurisdiction 
of a new body, known as the Federal Power Com- 
mission, for a period not exceeding 50 years, at 
the end of which the licence may be renewed, or 
the Government may over the enterprise upon 
compensation of the licensee. In the issuing of 
licences, preference is to be given to State and 
municipal applications.* The effect of this Act 
may be inferred from the fact that, within a 
month of its being signed, applications for 
licences to develop over 500, ocw horse-power had 
been filed. The duty of collecting, recording, and 
publishing data regarding the utilisation of wat^r 
resources, the water-jpower industry and its re- 
lation to other industries, and regarding the capa- 
city, development costs, and relationship to pos- 
sible marketSj of power sites, has also been 
assigned to this Federal Power Commission. 

World’s A'Dailahle Water Power , — During the 
past few years much attention has been paid to 
statistics of available and developed water powers. 
In the case of developed powers, these are usually 
stated in terms of die capacity of the installed 
machiner>% This machinery is in general only 
used to its full capacity over a portion of each 
day, although in many such cases water is avsdf- 
able for providing continuous power if desired. 

Estimates of potei^ial power arc always to be 
accepted with coasiderable reserve. In order to 
make a reason^y accurate estimate ^ "the run off 
from the catchment area and the vanation in this 
rm off from mondi to month and from year |o 
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year, must be known, and it is only in compara. 
tively rare cases that this information is as yet 
available. Moreover, there is as yet no standard 
basis on which potential power is computed. 

The power available from a given stream 
duri^ the wet season is many times as great as 
during the dr>" season, unless sufficient storage 
is available to equalise the flow throughout the 
vear, and the cost of such storage would in 
general be prohibitive, even if it were physically 
possible to provide it. 

The United States Geological Survey takes the 
maximum useful flow of a stream as being that 
which may be guaranteed during six months in 
each year. The minimum flow is taken as the 
average which can be guaranteed over the two 
driest consecutive seven-day periods in each year, 
along with the additional flow which may be ob- 
tained during this period by developing any avail- 
able storage capacity in the upper waters of the 
stieam Estimates of potential power based on 
storage capacity are, how^ever, subject to a wide 
margin of error owing to the limited data avail- 
able, and in the following table the potential 
water-power is estimated on the basis of the maxi- 
mum flow as just defined, and in terms of con- 
tinuous 24-hour power. 


Millions of Horse Power. 
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Adopting these figures, it appears that the avail 
able horse-pow*er of the world is of the order o 
^ millions, of which approximately 25 million: 
is at present developed or is in course of develop 
ment. 
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Pimer A^ailnhle in Great Britain and in the 
Brituh Emfire.^Wiih the noteworthy exceptions 
of Canada and New Zealand, practically nothing 
had been done, prior to 1915, by any part of the 
Bri^h Empire to develop or even systematically 
to investigate the possibilities of developing its 
water powers. It is true that a number of large 
installations had been constructed in India and 


Tasmania, but their aggregate output w*as rela- 
tively inconsiderable. 

Since then, however, there has been a general 
tendency to initiate such investigations, and at 
the present time these are being carried out with 
varying degrees of thoroughness in India, Ceylon, 
Australia, South and East Africa, and British 
Guiana. While it is known that there is ample 
water-power in Newfoundland, Nigeria, Rhodesia, 
Papua, and the Gold Coast, no very definite in- 
formation is available, nor are any steps 
apparenly being taken to obtain data in these 
countries. 

The Water-power Committee of the Conjoint 
Board of Scientific Societies, which has been 
studying the state of investigation and develop- 
ment throughout the Empire since 1917, ha^, how- 
ever, come to the conclusion that its total avail- 
able water-power resources are at least equivalent 
to between 50 and 70 million horse-power. 

Of the developed power in the Empire about 
80 per cent is in Canada. Throughout the re- 
mainder of its territories only about 700,000 horse- 
power is as yet developed, or only a little over 
I per cent of thje power available, a figure which 
compares with about 24 per cent for the whole of 
Europe, and 21 per cent for North America, in- 
cluding Canada ind A. These figures 

sufficiently indicate the rela^veiy large scope for 
future development.. 

Power Availahte m Great Britain. — With a view 
of ascertaining the resources of our own islands, 
a Board of Trad^ Water Power Resources Com- 
mittee. was appointed in 1918. This Committee, 
which has Just presented its final report, has 
carried out preliminary surveys of as many 
of the more promising^ sites as its limited funds 
allowed, and has obtained data from the Board 
of Agriculture for Scotland, the Ordnance Survey 
Department, the Ministry of Munitions, and from 
civil engineers in private practice, regarding a 
large number of other sites. 

As might be anticipated, Scotland, ivith its com- 
paratively high rainfall, mountainous area, aiii 
natural lochs, possesses relatively greater possi- 
bilities than the remainder of the United King 
dom, and investigation has shown that it offers 
a number of comparatively large schemes. Nine 
of the more immediately promising of those ex- 
j amined by the Committee have an average output 
i ranging from 7,000 to 40,000 continuous 24-hour 
horse-power, and an aggregate capacity of 183,000 
horse-power, while in every case the estimated 
cost of construction is such that power could be 
developed at a cost appreciably less than from 
a coal-fired station built and operated under 
present-day conditions. The aggregate output of 
the Scottish schemes brought before the notice of 
the Committee, some of which, however, are not 
commercially feasible at the moment, is roughly 
270,000 continuous horse-power. 

In addition to these there are a very large num- 
ber of other small schemes which have not yet 
been investigated,* and it is probably well within 
the mark to say that there are water-power sites in 
the countu capable of developing the equivalent 
of 400,000 continuous horse-power or 1,500,000 

*In a paper read before the Royal Society of Arts on Jatjuary 25, 
1918, Mr. A NewlauUs, M.I.C.E., gave a list of 132 potential Scottish 
schemes, the capacity of which he estimated, on a very conservative 
oasis, at 375,000 horse-power. 
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hoise-pouer over a normal working week, at least 
as cheaply as from a coal-fired installation, 

A number of attractive schemes are also avail- 
able in North Wales, though these are in general 
more expensive than those in Scotland 

Owing to the general flatness of the gradients, 
there are, except possibly around Dartmoor, no 
schemes of any large individual magnitude in 
England, but there are a large number of powers 
ranging from 100 to 1,000 horse-power which 
might be developed from river flow uncontrolled 
by storage. 

Investigations on a few typical wat-ersheds 
throughout" England and Wales appear to show 
that the possible output averages approximately 
eight continuous horse-power per square mile of 
catchment aiea, which would be equivalent to an 
aggregate of about 450,000 horse-power. Although 
much of this potential output is not commercially | 
feasible, it v\ould give the equivalent of 500,000 
horse-power over a normal working w’eek if only 
30 per cent of it were fully utilised. 

In the report recently issued by the Irish Sub- 
Committee of the Board of Trade Water Poiver 
Committee, it is estimated that approximately 
500,000 continuous 24-hour horse-power is com- 
mercially available in Ii eland, and that if utilised 
ovei a 48-hour working week, its capacity would 
be at least seven limes as great as that of the 
engine power at present installed in the country 
for industrial purposes. 

It appears then that, although the water-power 
possibilities of the United Kingdom are small in 
comparison with those of some more favoured 
countries, they are by no means so negligible as is 
commonly supposed, even in comparison with the 
present industrial steam power resources of the 
country. 

The capacity of the fuel power plants installed 
for industrial and public utility services in the 
United Kingdom in iqo; was approximately q-S 
million horse-power. Allowing for an increase of 
15 per cent since then, and an average load factor 
of 35 per cent, this is equivalent to 32,000 million 
horse-power hours per annum, or to a continuous 
24-hour output of only 3*7 million horse-power. 

According to Sir Dugald Cleik, the average 
consumption of coal per horse-power hour in this 
country is about 3*9lb , which, on the above basis,, 
would involve a total annual consumption of 55 
million tons for industrial purposes, not including 
railways or steamships. This figure is in sub- 
stantial agreement with the estimate of 60 million 
tons made for factory consumption in 1913 by the 
Coal Conservation Committee of the Ministry of 
Reconstruction, since this latter figure also in- 
cludes coal used for heating and other manufac- 
turing processes in factories. 

Adopting this figure of 32,000 million horse- 
power hours as the annual demand for power for 
industrial purposes, it appears that the inland 
water-power resources of the United Kingdom are 
capable of supplying about 27 per cent of this, 
a proportion which, in such an industrial country 
as our own, is somewhat surprisingly large. 

Many of the small powers would be well 
adapted for linking up, as automatic or semi- 
automatic stations, into a general network of 
electricity supply, or for augmenting the output 
of municipal supply works, -as has been done so 


successfully, for example, at Chester, Worcester, 
and Salisbury. 

The development of the many small schemes 
available in the Scottish Highlands would pro- 
bably have a great effect on the social life of the 
community. It would go far towards reviving 
and extending those small local industries which 
should form an essential feature of the ideal rural 
township. Commercially such undertakings may 
appear to be of small importance, but as a factor 
in promoting the welfare of the State, economical 
and political, their influence can hardly be over- 
estimated. 

Some of the larger schemes in Scotland would 
lend themselves admirably to transmission to its 
industrial districts, while others, in close vicinity 
to the sea-board, would appear to be well adapted 
for supplying chemical, or electro-physical, or 
metallurgical processes 

There is a probability that at least two of these 
schemes will be developed in the near future. One 
of these — the Lochaber scheme — is capable of 
developing some 72,000 continuous horse-power, 
which is to be utilised largely in the manufacture 
of aluminium. It is interesting to note that when 
this scheme is completed the British Aluminium 
Corporation wull have, with their station at Kin- 
lochleven, an average continuous output of over 
100,000 horse-power, and a maximum capacity of 
almost 140,000 horse-power. 

The second — the scheme of the Grampian Power 
Company — is intended ultimately to develop up- 
w’ards of 40,000 continuous horse-power, which it 
is proposed to use largely for general industrial 
purposes. 

Should this latter scheme be carried to a suc- 
cessful conclusion it is likely to give an impetus 
to large-scale water-poiver development in Scot-^ 
land. Its successful operation would certainly 
lead to the development of others of the same 
type, which would help to provide a much-needed 
home training ground for British hydro-electric 
engineers. 

While this is admittedly an inopportune 
moment to suggest anything in the nature of State 
co-operation in such developments, it may be 
pointed out that many of the Scottish powers in 
particular occur in sparsely-populated districts, 
and that, although they would ultimately become 
remunerative, the difficulty of raising the capital 
necessary for their development is great. In view 
of their direct and indirect advantage to the com- 
munity it would appear not unreasonable to advo- 
cate that financial assistance should be granted by 
the State in the earlier stages of such develop- 
ments. If such assistance, say, in the form of a 
loan maturing after a period of 10 or 15 years, 
could be granted, it would certainly give an im- 
mediate impetus to the development of water- 
poveer in this country. 

Conservation , — The importance of water-power 
development from the' point of view of conserva- 
tion of natural resources requires no emphasis. 
When the value of coal purely as a chemical asset 
or as a factor in the manufacture of such 
materials as iron and steel, cement, &c., is con- 
sidered, its use as a fuel for power purposes, when 
any other equally ch^p source of energy is avail- 
able, would appear, indeed, to be unjustifiable^ 

The consumption of coal in the best modern 





steam plant of large size, giving continuous out- for purely agricultural purposes. In California, 
put, would be about nine tons per horse-power for example, there is in effect one vast system ot 
year, and on this basis the world’s available electrical supply extending over a distance of 800 
water-power if utilised w’ould be equivalent to miles with 7,200 miles of high-tension trans- 
some 1,800,000,000 tons of coal per annum. The mission lines. This is fed from 75 hydro-electric 
world's output of coal in 1913 was approximately stations, inter-connected with 47 steam plants, to 
1^200,000,000 tons, of which about 500,000,000 give a total output of 785,000 horse-power. A 
were used for industrial power purposes, so that further group of 13 hydro-electric schemes now^ 
on this basis 55,000000 continuous water faoise- under construction ivill add another 520,000 horse- 
power would be equivalent to the world’s indus- power. A large proportion of this power is used 
trial energy at that date. in agriculture, and a census in 1915 showed that 

Not only does the use of water powSriead to a electric motors, equivalent to over 190,000 horse- 
direct conservation of fuel resources, but it also power were installed on Californian farms. The 
serves to a notable degree to conserve man-power. Californian rice industry is almost wholly depen- 
To take an extreme example, each of the 40,000 dent on irrigation made possible by electric- pump- 
horse-power units now being installed at Niagara ing, while most of the mechanical 
Fails will require for operation two men per shift, volved in farming are being performed by 
It is estimated that to produce the same power power. , ^ ■ 

from a series of small factory steam plants, over There can be little doubt that 
800 men would be xequired to mine, hoist, seteen, development of many of our tropical dependencies 
load, transport by rail, unload, and fire under is bound up in the development of their water- 
boilers the coal required, while, if account be j^ower resources. ' Not only would this enable 
taken of the additional labour involved in horse railroads to be operated, irrigation schemes to be 
transport,' wear and tear of roads and of railroad developed, and mineral deposits to be mined and 
tracks and rolling stock, the numbe^C would be worked, but it would go far to solve the black 
considerably increased. labour piobl^s^^Vh^ch promises to be one of some 

Uses of Hydro-Electric a larg^ future, 

proportion of the energy developed from waters i ^ w>se which 

power IS utilised for industrial purposes an4 

portion ’is being used for electro-dtofiM^Sl^f’J 

electro-metallurgical processes. find a new and pro- 

indeed, that we are only on the ^ Among these may be mentioned 

developments in electro-chemistry, an4 that Ae ^ purification of municipal water supplies ; the 
future demand for energy for such processes will sterilisation of sewage; the dehydration of food 
foe extremely laigge. . products; and the preservation of timber. 

In Norway the electro-chemical industry ah- Scope for Future Water Power Development . — 
*sorbed 77o/>oo horse-power in 1918, or approxi- The figures already quoted indicate that the 
mately 75 per cent of the total output, as com- scope for inland water power development 
pared with 1,500 horse-power in ipio. Of this, throughout the world, and more particularly 

some 40Oyooo horse-power was utilised in nitrogen throughout the British Empire, is likely to be 

fixation alone. large for many years to come, and it is gratifying 

The production of electric steel in the U.S.A. to know that British engineers are prepared to 
increased from 13,700 tons in 1909 to 24,000 toii^ play a large part in such development work, 
in 1914, and sii^poo ^ns iff 1918, this latter qiian- The utilisation of this water power is likely to 
tity absorbing 300 million k w. hours, equivalent give rise to some economic pioblems of interest 
to almost 400,CKX> continuous horse-power. and importance When industrial conditions have 

In Canada, in 1918, the pulp and paper indus- again become stabilised, the competitive ability 
try absorbed 450,000 horse-power, or 20 per cent of the various nations will depend largely on 

of the total, while the output of central electric economy in the application of energy to produc- 

stations amounted to 70 per cent of the total. tion and transportation, and the possession of 
The electrification, on a large scale, of trunk cheap water power is likely largely to counter- 
line railways is also a prdbabiUty in the not dis- balance the possession of such resources as coal 


tant future. In the miles of the main and iron as a measure of the industrial capacity 

line of the Chicago, Milwaukee, and St, Paul of a nation. 

Railway, comprising 850 mites of track, have been While it is probably true in industrial corn- 
electrified, the power for operation being obtained munities that the most attractive water-power 
from hydro-electric stations. In France much of schemes have already received attention, many 
the track of the Compagnie du Midi in the region of those available in countries which have hither- 
of the Pyrenees has been electrified with the aid to been non-industrial are capable of extremely 
of water power; much' of the Swiss railway cheap development and will certainly be utilised 
system has been electrified ; and the electrification as soon as a market for their output can be 
of many other trunk lines on the European con- assured. 

tinent is at present under consideration. It is in such countries that the result of these 

Quite apart from the probable huge demand in developments is likely to be most marked, and 
the distant future for energy for the manufactuie will require most careful consideration. Thus, 

of artificial fertilisers by some system of nitrogen the hydro-electric survey of India now being 

fixation, agriculture would appear to offer a carried out by the Indian Government indicates 

promising field for the use of hydro-electric that very large water power resources are avail- 

power. able in the country, and that, although a few 

Much energy is now being utilised in the U.S.A. large schemes have been or are being developed, 
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the resources of the country are practically un- cases, it has been found possible to harness some 
touched. There can be little doubt that in the very high falls. The highest as yet utilised is at 
course of time a large amount of cheap energy the Fully installation in Switzerland. Here the 
will be available in India for use in industrial working head is 5,412ft., corresponding to a work- 
processes, and as the country possesses a large and ing pressure of 2,s6olh. square inch. The pipe 
prolific population readily trained to mechanical line is 19-710. in diameter, and ifin. thick at its 
and industrial processes, along with ample sup- lower end, and each of the three Felton wheels 
plies of raw material for many such processes, all in the power house develops 3,000 horse-power, 
the conditions would appear to be favourable for with an efficiency of 82 per cent, 
its entry into the rank of manufacturing and in. Until comparatively recently the Felton wheel 
dustnal nadons. . . ^ looked upon as the only practicable turbine 

Modetji I endencies in Water Power Develop- foj> iiigh heads, and the use of the Francis turbine 
large amount of attention which has ^vas restricted to heads below about 400ft. This 
been concentrated on the various aspects of water -vvas due partly to the fact that a reaction turbine 
power development during the past ten years has of comparatively small dimensions gives a large 
been responsible for great modifications and im- output under a high head, and except in turbines 
provements in the design, arrangement, and con- Qf comparatively large power the water passages 
struction of the plant. ^ become ver>^ small, and the friction losses in con- 

Broadly speaking, these have been in the direc- sequence large, 
tion of increasing the size, capacity, reliability, a further and more important reason for the 
and efficiency of individual units ; of improvng general choice of the Felton -wheel for high heads 
the design of the turbine setting and of the head the fact that in the earlier Francis turbines, 

and tail works ; of increasing the rotative speed when operating under heads involving high speeds 
of low head turbines ; of detailed modifications in Qf water flow, corrosion of the runner was very 
the reaction type of turbine to enable it to operate serious This corrosion is now generally attn- 
under higher heads than have hitherto been con- b^ted to the liberation of air containing nascent 
sidered feasible; and of increasing the voltage oxygen, at points where eddy formation causes 
unhsed. in transmission, ^ regions of low pressure. Careful design of the 

The capacity" of individual units has been in- vanes has enabled this to be largely prevented in 
creased rapidly during recent years, and at the modern runners, and in consequence the field of 
present time units having a maximum capacity of useful application of the Francis turbine has been 
55,000 horse-power under a head of 305ft. are be- extended until at present turbines of this type are 
ing installed in the Queenston-Chippewa project operating successfully under a head of 850ft., and 
at Niagara, while units of 100,000 horse-power this limit will probably be exceeded in the near 
are projected for an extension of the same plant. future. 

These modern high-power turbines are usually The great increase in all constructional costs,, 
of the vertical shaft, single runner type, with the since 1914 has increased the cost of the average 
weight of the shaft, runner, and generator carried hydro-electric plant by something of the order of 
from a single thrust bearing of the Micheil type. 150 per cent,, and since the cost of energy pro- 
This type lends itself to a simple and efficient duced by such a plant is mainly due to fixed 
form of setting, while the friction losses in the charges on the capital expenditure, this cost has 
turbine are extremely low. As a result of careful gone up in an even gre^ater proportion owing to 
overall design it has been found possible to build the higher interest charges now demanded, 
units of this type having an efficiency of approxL It is true that the same increased cost applies 

mately 93 per cent. within narrow limits to the output from ever>' 

One of the great drawbacks of the low head tur- steam plant erected since the War, and the rela- 
bine in the past has been its relatively siow^ speed tive position of the two types of power plant with 
of rotation, which necessitated either a slow coal at about 253. per ton is much the same as 
speed, and consequently costly generator, or ex- before the war. 

pensive gearing As a result of experiment it The fact remains, however, that a newly-con- 

has, how’ever, been possible so to modify the form structed hydro-electric plant has often to compete 
of the runner as greatly to increase the speed of in the market with a steam plant built in pre-war 
rotation under a given head without seriously whose standing charges are comparatively low, 
reducing^ the efficiency. ^ , and in order to enable it to do so with success the 

Investigations in this direction are still in pro- constructional cost must often be reduced to a 
gress and promise to give rise to important re- minimum compatible with safe and efiicient opera- 
suits. At the present time, however, turbines are tion. With this in view, many modifications in 
in existence which are capable of working design and construction have been introduced in 
efficiently at speeds at least five times as great as recent plants, but there would still appear to be 
would have been thought feasible ten years ago. ample scope for investigation into the possibility 
The non -provision of a suitable pipe line has, reducing the first cost by modifying many of 

until recent years, tended to retard the develop- details of design and methods of construction 

ment of plants for very high heads. Under such ^ common use. 

heads the necessary wall thickness, even with a Among recent modifications in this diroc^oti 
moderate pipe diameter, becomes too great to per- may be mentioned : — 

mit of the use of riveted joints. Recent develop- (i) The elimmadon^ of the dam in stor^^e 
ments in electric welding and oxy-ace^lene weld- schemes in which natural lochs 0^ reser- 

ing have, however, rendered it possible to con- voirs are utilised, this wa|er ’level being 

struct suiiabte welded pipes, and by their aid, and drawn down in times of drought instead 

by the use of solid drawn steel pipes in extreme of being raised in times of fiood. This 
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reduces the cost of construction appre- 
ciably in favourable circumstances, and 
eliminates the necessity for paying com- 
pensation for flooding of the land sur- 
rounding the reservoir. 

(2) The substitution, where feasible, of rockfill 

dams for those of masonry or monolithic 
concrete. 

(3) The introduction of outdoor installations 

with the minimum of power house con- 
struction. 

(4) The simplification of the power plant. 

Some progress has already been made in these 

directions, and it is probable that experience based 
on recent installations and experimental investi- 
gations will enable considerable further progress 
to be made. 

Research in Hydro-Electric Problems. — There 
are few branches of engineering in which research 
is more urgently required and in which it might 
be more directly useful. 

Among the many questions still requiring in- 
vestigation on the civil and mechanical side may 
be mentioned : — 

(i) Turbines. — Investigation of turbine corro- 
sion as affected by the material and shape 
of the vanes. 

Effect of erosion due to sand and silt. 

Resistance to erosion offered by diiferent 
materials an^ coatings. ^ , ‘f 

design in low head higb-^s^ turbines. 

Draft d^ign. 

Investigation of the direqtions and velocities of 
flow in modem types of high-speed turbines. 

Investigation of the degree of guidance as 
aSected by the number of guide and runner 
vanes. 

{2) Conduits and Pressure Tunnels. — The de- 
sign of large pipe lines under lowheadswith 
the view of reducing the weight of metal. 
The investigation of anti-corrosive coatings, 
so as to reduce the necessity for additional 
wail thickness to allow for corrosion. 

Methods of strengthening large ^ thin-walled 
pipes against bending and against external 
pressures. 

Methods of lining open canals and of boring 
and lining pressure tunnels. 

Effects of curvature in a canal or tunnel, 

(3) Oa 7 ns. — Most efficient methods of construc- 
tion and best form of section especially for 
rockfill and earthen dams. Best methods 
of producing water tightness. 

(4) Run-off Data. — Since the possibility of de- 
signing an installation to develop the avail- 
able power efficiently and economically de- 
pends in many cases essentially on the 
accuracy of the run-oif data available, the 
possession of acurate data extending over 
a long series of years is of great value. 

While such data may be obtained either from 
stream gaugings or from rainfall and evaporation 
records, the former method is by far the more re- 
liable. For a reasonable degree of accuracy, 
however, records must be available extending over 
a long period of years, and at the present moment 
such data is available only in very few cases. 

(To be continued) 


GERMANIUM.* 

1 .— Occurrence ; Extraction from Germanium- 
bearing Zinc Oxide; Non-Occurrence in 
Samarskite. 

By L. M. DENMS and JACOB PARISH. 

(Concluded from p. ig6). 

(C) The Determination of Germanium. 

To gauge the efficiency of the extraction of the 
germanium from the crude material it was neces- 
sary to develop a method for the quantitative 
determination of germanium. The procedure tiiat 
was finally adopted is based directly upon the 
method of extraction that has already been des- 
cribed. 

A weighed quantity of , the germanif^rtup^^^c 
oxide that had been drieS at 
amount from 20 to 100 grms,, k ’ Hito h 

paste with water, and is then,pourea into a Sasfe 
th^t contains a solution of s^ium hydroxide. 
These three substances are used in the proportions 
of one part of sodium hydroxide, two parts of the 
crude zinc oxide, and five parts of water The 
flask is provided with a three-hole rubber stopper, 
through whiqh are inserted a glass tube that 
reaches alinost to the bottom of the flask, a small 
Vigreux* distill^B^l^ium^^nn^ ^ small separatory 
funnel. tube is 

fused -a is 

fused b> the'-^^BH^end of the c®Qteiser. The''’'Tb- 
ceiver consists 6r an Erienmeyer flask that is pro. 
vided with a two-hole rubber stopper. Through 
one of these holes passes the glass adapter, which 
reaches to within a few millimetres of the bottom 
of the flask. A deliver^’ tube is inserted through the 
other hole of the stopper, and this tube is con- 
nected with a second Erienmeyer flask. Water is 
placed in the first Erienmeyer flask to 'a depth of 
3 cm., and the second flask is half filled with 
w’ater. The second flask serves as a check upon 
the completeness of the condensation of ger- 
manium chloride in the first receiver. If any 
germanium is later found to have passed into the 
second flask, the determination is rejected. Both 
of the flasks are placed in a trough containing ice 
water. 

In beginning the distillation, a dish containing 
cracked ice is brought up under the distilling flask 
and a slow current of washed chlorine is passed 
into the flask through the glass tube. ^ As soon as 
the apparatus fills with chlorine, which indicates 
that file contents of the flask has been saturated 
with the gas, pure, concentrated hydrochloric 
acid is slowly introduced through the separatory 
funnel. The acid that is eventually added is 
sufficient to neutralize the sodium hydroxide that 
was onginally employed, and in addition, to equal 
twice the weight of the crude zinc oxide that is 
being used. The passage of chlorine and the 
cooling of the flask are continued during the addi- 
tion of the acid. When all of the acid has been 
introduced, the dish of cracked ice is replaced by 
an asbestos collar and the contents of the flask 
is then heated in the manner already described. 
When . one-half of the liquid has distilled 
over, an equal volume of concentrated hydro- 

— — _ 

♦Contribution from the Department of Chemistry of Cornell 
University. This article is based upon a part of the thesis presented 
to the Faculty of the Graduate School of Cornell University by 
Jacob Papish m partial ful^ment of the requirements for the degree 
of Doctor of Philosophy. 




Chemical News "] 
October 14, 'igai J 


Germanium 


203 


chloric acid is run into the flask and the distil- ) 
lation is continued until half of the liquid has 
again passed over. The addition of hydrochloric 
acid and distillation of one-half of the liquid are 
once naore repeated. The heating is then 
stopped ^ and the two receivers disconnected. 
Sulphuric acid is added to the contents of each to 
bring the acidity to 6N, the flasks standing in ice 
during the addition of the acid. The liquid in 
each flask is then saturated with hydrogen sul- 
phide, and the flasks are stoppered and set aside 
for 24 hours. If the passage of the chlorine 
through the appz^atus during the distillation has 
been slow, and if the receivers have been kept 
well cooled with ice, no germanium tetrachloride 
will pass over into the second receiver. A pre- 
cipitate will, however, appear in the second flask, 
because of the liberation of sulphur through the 
interaction of chlorine and hydrogen sulphide. 
This precipitate is tested spectrographically to 
ascertain whether it is free from germanium. If 
it is not, the determination is rejected. The pre- 
cipitated germanium disulphide in the first flask 
is brought upon an ashless filter paper and the 
small amount of precipitate that adheres to the 
walls of the flask is loosened by means of a rubber 
“policeman” and brought upon the filter by 
rinsing with 3N sulphurid acid that has been 
saturated with hydrogen sulphide. The whole 
precipitate is now washed with this liquid until 
the chlorides are removed. The germanium di- 
sulphide is then washed with alcohol to remove 
tte sulphuric acid and is next dried. The bulk 
of the precipitate is removed from the filter and 
placed in a weighed porcelain crucible. It is 
is moistened with nitric acid (i : i) and the 
crucible is gently heated until the liquid has been 
driven off. The crucible is then allowed to cool, 
and concentrated nitric acid is added. This is 
also driven off by gentle heating, and the crucible 
is then heated to dull redness. 

Germanium dioxide that has been dried at no® 
still contains an appreciable amount of water. 
Experiments performed in this laboratory by Miss 
K. M. Tressler, which wall be described in a later 
article, have shown that complete dehydration is j 
secured only when the dioxide is heated to 900®. 

The filter paper is incinerated over a second 
weighed crucible. The product is black, due to 
the formation of some germanous oxide caused 
by the reduction of the germanium dioxide by the 
carbon of the paper. This is oxidised to the 
dioxide by treatment with nitric acid. 

The filtrate from the precipitation of the ger- 
manium disulphide is set aside for 48 hours and 
the precipitate that then appears is treated in the 
same manner as the first precipitate. The sum 
of the weight of the dioxide in the two crucibles 
less the weight of the ash of the twp filter papers 
gives the weight of germanium calculated as 
dioxide that is present in the original sample. 

Although no great accuracy is claimed for the 
method as thus far developed, two determinations 
in duplicate of the germanium in different 
samples of the crudq ^inc oxide gave concordant 
results : — 

Smnfle /. 

Weight ol sample 50 gnns. 75 grms. 

GeOs found O’lzss gnns, o*i86o gnns. 

Per cent GeO, ... 0*247 0*248 


Sam fie IL 

I II 

Weight of sample ... 50 grms. 100 grms. 

G^Oa found 0*0950 grms. 0*1885 grms. 

Per cent GeO® ... 0*19 0*188 

The completeness of the recovery of germanium 
from the crude zinc oxide by the method of ex- 
traction above described is evidenced by the fact 
that from a series of runs in which a total of 
about 10*7 kilogrms, of Sample I. of the undried 
crude oxide was used, 25*936 grms, of pure GeOj 
was obtained. 

The Non-Occurrence of Germanium in 
Samarskiie, 

Above reference was made to the statement of 
Khrushchov that he had found germanium in 
American samarskite. This statement was pub- 
lished in the form of a report in the Journal of 
the Russian Physical-Chemical Society. (We are 
indebted to the Library of Congress for a pen copy 
of this report. The translation here given was 
made by one of us. — J.P.). Literally translated, 
it reads as follows : — 

“K. D. Khrushchov reports about finding ger- 
manium in columbium and tantalum minerals. 
American samarskite was heated in a 300-grm. 
platinum crucible for the purpose of comminuting 
the samarskite. After three heatings, the plati- 
num was altered to such an extent that the 
crucible crumbled to a powder. On dissolving 
the platinum, a residue was obtained which re- 
sembled silica, but it was fairly difficultly soluble 
in hydrofluoric acid. Assuming the gelatinous 
sediment to be a germanium dioxide, the’ reporter 
found that it was changed very easily by hydrogen 
to the black powder of germanium. Traces of 
germanium were also found in tantalite, ferguson- 
ite, columbite, gadolinite, and in other minerals, 
American samarskite contains up to 1*5 per cent 
germanium. , In view- of the rarity of argyrodite, 
the reporter calls attention to samarskite as an im- 
portant source of germanium,” 

Lincio {loc, cit] failed to find evidence of the 
presence of germsmbim in samarskite. After the 
method for determining germanium that has been 
described in the preceding pages had been 
developed, the question of the occurrence of the 
element in American samarskite was taken up in 
this laboratory. 2PO grms. of finely-ground 
selected samarskite was fused with 1200 grms. of 
primary potassium sulphate. The fused mass was 
extracted with water, and the residue, which con- 
tained a small quantity of undecomposed samar- 
skite, was mixed with more primary potassium 
sulphate and was fused and extracted with water 
as before. The two water extracts were combined 
and were evaporated to dryness. 

The insoluble residue from the fusion was 
moistened with nitric acid, and was then intro^ 
duced into a Pyrjes^ flask of 500 cc. capacity. 200 
cc. of hydrochloric acid was added, and the mix- 
ture was subjected ^ distillation until 150 cc. -of 
distillate had passed over. The distillate^ 
saturated with hydrogen sulphide,, 
allowed to stand W 24 hours. .The Might 
precipitate that forined was collect^ 
filter and dried. The photM:|^|^: ^^airc 
spectrum of this material failed- the pre- 

TThe ehtaSined for the water extracts of 
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the fusion was moistened with nitric acid, and 
was introduced into a dask of 3-litre capacity. 
1500 cc. of concentrated hydrochloric acid was 
added, and the mixture was distilled until about 
600 cc. had passed over. 500 cc of hydrochloric 
acid was then run into the flask, and a second dis- 
tillate of 400 cc. was obtainned. The two distil- 
lates were united, were saturated with hydrogen 
sulphide, and were allowed to stand for 24 hours. 
The slight precipitate that separated showed no 
spectrographic evidence of the presence of ger- 
manium 

Khrushchov’s report is by no means convincing. 
He obtained a gelatinous residue which he 
assumed to be germanium dioxide, but he gives no 
reasons fo-r this assumption, and it is difficult to 
imagine what his reasons might have been. The 
fact that the material was darkened when heated 
in hydrogen might indicate the presence of a 
variety of compounds other than germanium di- 
oxide. Moreover, it is probable that when he dis- 
solved the platinum, he used aqua-regia for this 
purpose. If he did so, ail of the germanium 
would probably have been lost through volatilisa- 
tion of the germanium tetrachloride. It seems 
evident, therefore, that Khrushchov’s experi- 
mental work does not justify his statement that 
samarskite contains germanium, and the results 
obtained by Lincio and in this laboratory would 
seem to show that that mineral does not carry 
detectable amounts of the element. 

Sumtndiry. 

This article contains : — 

A brief historical review of the discovery of 
germanium, 

A resumi of the published announcements con- 
cerning the occurrence of the element. 

The details of an experimental study of the ex- 
tmction of germanium from germanium-bearing 
zinc oxide, and the preparation of pure ger- 
manium dioxide. 

Description of a method for the determination 
of germanium. 

The details of an examination of American 
samarskite which showed that the mineral does 
not contain germanium in an amount detectable 
by means of the spectroscope. 

Ithaca, N.Y. 


LATENT HEAT OF VAPORISATION. 

By J. C. THOMPSON. 


The latent heat of vaporization of a liquid 
_^ P logio P 
I0'3I X D| 

Where P is the density of the substance compared 
with its vapour density at boiling point 
Where D is the density of the substance as liquid at 
its boiling i>oint compared with water at 4°C. 

The following table will show this : — 


Substance 
Water 
Ethyl Ether 
Beni^ne 
Oxygen 


D. 

p* 

PLogP 
10*31 X D# 

Latent 

Heat. 

0*9856 

1629 

536-6 

5366 

0736 

250*2 

87-58 

87-4 

0*82 

203^5 

95*21 

0*1 

IT24 

261 

52-3 

52 


♦Calcakted from molecular weights and 0*3665 coefficient of 
expaa 4 lou of gases from o to icoi°C. xooo cc of H =: 0*089610 grms. 


7 heoretical determination of above Formula. 

Water at lOO'^C exi&ts in two states the density as 
liquid being 1629 times the density of gas. The work 
required to compress a perfect gas from I atmosphere 
to 1629 atmospheres or make its density 1629 times as 
great is a definite and readily calculated amount. 
This amount might be expected to bear some relation- 
ship to the latent heat of water measured as work 
Such a relationship does exist, The latent heat 
multiplied by cube root of the density as liquid is a 
constant times this work. The cube root of the 
density of a substance varies as the square root of 
attractive force between the molecules. When heat 
goes into a liquid to vaporize it, the heat must do 
work against the forces of attraction of the molecules 
The amount of work that has to be done would be 
expected to vary directly as the magnitude of the 
forces of attraction between molecules. 

To calculate the work required to compress 1629 cc of gas 
at I atmosphe etc I cc of gas at 1629 atmosphere. 

Consider first a cylinder of I sq. cm. cross section 
and 1629 cm long . The cylinder placed vertically, 
sealed at lower end. and a movable piston at upper end. 

Now if a weight be placed on the piston, the piston 
will sink, compressing the gas. The work done to 
produce this compression will be product of weight 
applied and distance through which weight has moved. 
If, now, a further wei^t is adcfed, tether compression 
and further work „ . 

Consider, now, the revlW^I^UEcmelf* 
of the weight succ^&fe|ffis^Ya 3 ^W i^e 

weight. Ibat fe, ^uiuifer of weights Varying In ^ze ' 
from 1629 to I atmosphere through a distance up to 
1629 cm. 

Consider a liquid at its boiling point. 

Let P atmospheres = pressure to which an equal 
volume of gas would be subjected 

Let S atmospheres = its pressure gas. 

Let I volume of liquid be taken, 

p 

Then this will form ^ volumes of gas. 

p 

Then work required to convert I volume at P to 


volumes at S = sum of the products of the pressures at 

P 

the various volumes from i to g the increase in 

volumes at the various volumes. 

Original volume = l. 

Original pressure = P. 

Let pressure be first decreased by x, that is, made 
P-;r. 

P 

The new volume = 

F X 

Let pressure next be made p 

P2 

Then new volume ~ r. 

(P -- at)* 

Let pressure next be made ' —pa • &c. 

Work = increase in volume x pressure at volume, 
that is : — 


Work = (p^-i)(P-x) + 

V (P-.^}“ / p ^ ^ 

—nx (where n is the number of terms). 
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Latent Heat of V aforisation 


But 




P 

"S 


• « log P— 77 log {P~.ir) = Jog P-iog S 

log P~ logs 
”-JogP-log (P-;r) 

• work = «A:- 

• • P-log ('P-x) 

when X is small this is convertible mto th^ lo-in 

work-77.r= - P(loge P - ioge b) 

or when S~I atmosphere 

work — — P log* P atmospheres (See note). 

If original pressure was measured in atmospheres 
and l cc- of water was taken. 

Work 5= 1629 Ioge 1629 a mosphere centimetre grams 
converting into erg^. 

Work = 1629 log* 1629 X 76 cm x 13*5959 x 981 
1 / '!/ 

ALiiio^pheric Density Acceleiution 
pressure of of 

mercury gravity 
-I -221 X 10^ « eras. 

l>atent heat of I grm.of water =* 536*6x4 188x10'^ ergs. 
Latent beat of I cc. of water = 

536 6 X 4 188 X 10 ’=' X 0 9586 ergs 

- 2 155X er#^s. 

Multiplying this last figure by 0 5746 Density and 
treating other substances in a timilar mannei . 

P Ioge P Latent Latent Heat 

Substance in Ergs, Heat Density x 0-5746 VD. 

Water I* 22 I X 2 'I 55 X 0*9586 1*221 X lO^o 

Ethyi 

Btbcr oii^i xio^® 0*2695x10^0 0-73^ 01397x10^*^ 
Benzene o*I^8x 10^® o*33(X)x 0S2 01775x10^® 

Oxygen 0*1472x10^® 02447x10^® I*I 24 0*1462x10^® 

This gives an agreement between the^ first and 
last columns equal to this accuracy of data used- 
From this : — 

P log* P — Latent Heat x Density x 

^'Density X con tant. 

or P logio P — Latent Heat x Density ^ x constant. 

When Latent Heat is meatured to I grm.of fubstance 

Latent Heat ^ x constant 


P log^o P 
10-31 

Relatiifnsktp between Attractive borces and Density. 

There are a number of assumptions made here which 
are contrary to accepted theory of matter. 

(1) Molecules do not collide but pass sufficiently 
neat to each other for the forces of attraction between 
them to he constantly altering the directions of 
movement of the molecules. Th :: forces of attraction 
probably consist of ordinary gravitational force, 
together with surplus or unsaturated valency force. 

(2) Molecules are without size. 

(3) A liquid is merely a gas under the prepare 
produced by the attractive forces of its molecules. 

(4) A solid is a liquid in which the attractive forces . 
of the molecules are different in different directions. 

(5) A crystalline solid is a solid in which the major 
attractive forces are all acting in one direetioiv and 
minor forces all acting in another, etc. 

Meastirement of the ^orces of cdiraction of dWmnr 

The energy^ of a mtolCCule, whether it exists 

as a g^s or fiqaidy is ^ same at apy 01:^ temp^ature. 

Consider the as having kinetic e|iergle$: 


which are constantly being reduced to nothing by the 
attractive force:?, and aflet wards having their kinetic 
energy restored. This is analogous to the action of 
the attractive forces of the sun on a comet, the kinetic 
energy of comet relatively to the sun being periodically 
. reduced to nothing. 

The mean kineiic energy of molecules will vary as 
the ratio of the weights of the molecules to the square 
of distance between them. That is, attractive force.'* 
between equal weights of molecules will vary as the 
square of distance between the equal weights. 

Now the volume occupied by equal weights of a 
substance will vary as the density of the substances or 
the distance between equal weights will vary as cube 
root of density. 

But forces of attraction vary as square of distance 
between the bodies. 

That is the sum of all attractive forces of a volume 
of substance will vary as the two^third loot of its 
d'ensi ty. 

It must be noted that the attractive pressure of a 
substance (that is, the pressure at the surface of a 
substance) is not the same as the attractive force 
between the molecules. Neither is the one directly 
proportional to the other. The attractive pressure is 

P, which varies as r .-— - vo 

M X T ^ 

Where D = qensity as liquid 

Where M = molecular weight 

Where T — temperature of measurement 

T becomes boiling point when measurements are 
made at the boiling points, P«the density of liquid 
compartd with its density as vapour. 

Attract ive force varies as That is as the 

square of distance between equal weights of substance. 

Work required to overcome a force of attraction 
will vary as that force. 

The work P log* P is done on vaporisation by the 
kinetic energy of the molecules The work of 

0 vercoming the attraction of the molecules is done by 
the latent beat. They both have to be done to the 
same quantity of material through the same distance. 
In order to find the latent heat Dl must be substituted 

for D in the expression ^7 — . ■ 

M X 4 

Now in the expres^tm P log* P» P represents the 
weight and log* P the distance through which it is 
moved, so that D^, ins^ad of D, has only to be 
introduced into the P part of the expression P log® P. 
Since P contains D the expression becomes 

^ Ioge F X constant. 

Dh 

Determination of constat 0*5746. 

The unit of density is I grm. of substance occupying 

1 cubic centimetre. Tq divide space into cubic 
centimetres is not the most- economical method hence 
the ratio of weight of sot^tance to distance between 
weights is not as i gnm is to i cm. when density is 
If, however, we put l gpgpu into the smallest space so 
that thq centre of that s|iace is always a centimetre 
from the centre of neighbouring similar space 
then we have ratio of thO weight of substance to the 
distance between the weights is as t grm. is to I cm. 
Now this space under conditions must be greater 
than the ^ vofewe occuped by a sphere of i , 
diameter since there Woi^ be loss of spaced 

the spbef^ It must also be less than ^ 

Decided by a prism of 

parallel ^|s and ^ hc^t. W 

of when the in 
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layers of hexagoaal prisms are not immediately above 
each other. The value of first cubic cm. =0*5236 
the value of second z ^0^707 cubic centimetres. 
The required volume must lie between ihese two and 
pi obably be nearer the latter. 

If the den:>ities of substances are compared with a 
substance not of density I grm to I cc. but of I grm. 
to 0 6601 cc. then we can eliminate the constant 0*5746. 
Calling the density ot a substance to this 5 Latent Heat 


Latent Heat of I grm.= atmosphere centi- 

metre grms. 


CORRESPONDENCE. 

GREAT NORTHERN CENTRAL HOSPITAL. 

To the Editor of the Chemical News, 

Sir, — T he Lord Mayor has kindly allowed a meet- 
ing on behalf of the Great Northern Central 
Hospital, Hoiiow*ay, to be arranged at the 
Mansion House, on the Eve of St. Luke^s Day, 
October 17, at ^ p.m., in order to provide an 
opportunity of making known more widely the 
immense vahie to the 'Metropolis particularly, 
and the Nation generally, of the Institution’s 
indispejnsable work; an4 in hope that it may 
be a means of securing for the hospital the help 
which it needs so desperately at this critical time. 

If the Hospital, which serves a large and 
densely populated prea, with a million residents, 
is to continue without curtailing its w'ork, it must 
have at least £22^000 before December 31, in addi- 
tion to any income it can definitely expect to re- 
ceive. It IS to help in raising this sum that the 
Lord Mayor has so kindly allowed the meeting to 
be held. 

Distinguished speakers will advocate the claims 
of the Hospital, and I do hope your readers will 
give their support, and if they cannot come to the 
to the meeting send a remittance, no matter how 
small, to me at the Hospital, so that an efficient 
hospital service in North London may continue. — 
I am, &c., 

Northampton (Chairman). 


NOTES. 

'‘Oertung” Balances. — Sir Ernest Shackleton 
has taken an “Oertling” Balance with him on the 
Quest. An ‘‘Oertling” Balance was also taken by 
Admiral Sir George Nares on his expedition in 
1873, and the same balance was used by the late 
Captain Scott in his expedition in iqoi, and 
during the war it was used by the Engineering 
Department of the South Kensington Museum. 
It speaks well for the reliability of an instrument 
which can be of service 50 years after tfie date of 
its manufacture. 

We have received a copy of a new publication. 
La France, a journal that cannot fail to be of 
interest, especially to students and those wishing 
for a closer acquaintance with F rench and F rench. 
§yery-day life. It will be published weekly, and 


give a general review of the daily, weekly, and 
monthly press. The paper can be obtained from 
any London newsagent, price 2d., or 2s. 6d. for a 
period of 17 weeks. The London address is 
Montague House, Russell Square, W.C.i. 

Development of British Indian Sugar In- 
dustry. — ^According to the Secretary of the Sugar 
Bureau at Pusa, states Capital (Calcutta), India 
has an annual consumption of 748,544 tons of 
foreign sugar, and is capable of finding over 15 
crores of rupees yearly to meet her additional 
sugar purchases from abroad. As the price of 
sugar began to fall in September, 1920, a distinct 
tendency to import more became evident, despite 
the extra duty imposed As India’s production of 
refined sugar is at present only 177^,569 tons,; it is 
obvious that there is ample sa>pe for rgiany* 
the number of factories now workin^^^ iw 
The prospect before the Indian su^ar industi^y is 
very hopeful, as it can choose the 'most favour-'" 
able parts of the country for supply for many 
years to come, and with the increased duty on 
foreign sugar, coupled with heavier freight and 
handling charges, it is considered that it would be 
well if capitalists devoted their time and attention 
more and more to developing the industry on a 
sound an^ scientific basis. There is ample scope 
and the rise in “^lli^dipaduction through out 
the world, both'qf I'aw .andiihe finished 

product, has 1^l<l;%fevily in Indian's favour. 

“Journal of Indian Industries and Labour.” 
— Part III. contains a fully illustrated descrip- 
tion of the Government Acetone Factory by Mr. 
A. Apple>ard, showing that a deal of good work 
has been and is being done at Nasik. A very in- 
teresting paper is given on “Indian Precious 
Stone” by Cyiil Fox, Curator, Geological Survey 
of India. Crude alkali, which is plentiful in 
India, is being used with some success in the 
manufacture of a fair quality glass for bangles, 
&c., and a good account is given of the collection 
and refining of the salts of soda for this purpose 
by J. P. Srivastava and D. Sinha. There are 
many other interesting notes of more local in- 
terest. 

A New Publication Devoted to Radiology 
and Radiotherapy.— a Radiologtca, published 
by the Societies for medical radiology in Den- 
mark, Finland, Norway, and Sweden, contains 
articles pertaining to roentgenology, radium 
therapy, light therapy, and electrotherapy. These 
articles are published in English, French, or Ger- 
man, according to the decision of the author. 
Each volume comprises 500 pages, distributed in 
four occasional numbers. Subscriptions may be 
forwarded to the Editor. Subscriptions from 
America may also be sent to Mr. Paul B Hoeber, 
67-^69 East 59th Street, New York Cy. Sub- 
scription to Vol, I. $6 — ^32s. The work is fully 
illustrated with half-tone reproductions, and the 
first number contains the following articles : 
Editorial; “L’examen radiologique de I’ulc^re du 
duodenum,” by H. J, Panner; “The X-ray 
Diagnosis of Gallstones in the Common Duct,” 
by M. Simon; “Ein Fall von Osteogenesis imper- 
fecta mit verbrexteten Gefassverkalkungen,” by 
Sven Johansson; “A Case of Arthropatia Psoria- 
tica,” by S. Strom ; “Hemophilia and Hemophilic 
Arthropathy,” by T, Klason; “A Case of Frac- 



Chrmxcai. News "I 
October 14 1921 j 


A d vertisements 


207 


A SELECTION FROM THE LIST OF 

J. & A. CHURCHILL. 


ALLEN’S COMMEBCIAL OEGANIC 

ANALYSIS. 9 Vols. 4th Ed. Vols. 1-8, 30s. 
net ; Vol. 9, 36/- net, postage each Is. 

AEITP’S INDUSTRIAL CHEMISTRY. 2nd 

Ed. 14 Illust. 12s. 6d. net, postage 6d. 

BARNETT’S PREPARATION OF OROANIO 

COltPOimDS. 2nd Ed. 64 Illust. 10s. 6d. net. 
postage 6d. 

BARNETT’S TEXT BOOK OP OBOANIC 

CHEMISTRY. 15 Illust 15s. net, postage 6d. 

BEATTY’S METHOD OF ENZYME ACTION 

5s. net, postage 4d. 

BLOXAM’S CHEMISTRY: Inorganic and 

Orgranie. 10th Ed. 818 Illust 24s. net, 
postage Is. 

BOLTON & REVIS’ PATTY POODS: Their 

Practical Examination. 7 Plates and 36 Text- 
figures, 10s. 6d. net, postage 9d, 

BURNS’ BIOPHYSICS. With Foreword 

by D. NOEL PATOU, E.R.S. 85 Illust 21s. net, 
postage Is. 

COLES’ CRITICAL MICROSCOPY; How to 

get the Rest out of the Microscope. 8 Illust. 
7b, Sd. net, postage 4d, 

PIERZ-DAVID’S FUNDAMENTAL PRO- 
CESSES OP DYE CHEMISTRY. 45 Illust., 
including 19 Plates. 218. net, posiage 7d. 

FRESENIUS’ aUALITATIVE CHEMICAL 

ANALYSIS. 17th Ed. 67 Ulus., and Spectro- 
scopic Plate. 36i, net, postage Is. 

GIUA’S CHEMICAL COMBINATION AMONG 

METALS. 207 Diagrams. 21s. net, postage Is 

HALE’S SYNTHETIC USE OF METALS 

IN OBCIAHIC OHEKISTBY. 6s. net. pos'age 4d. 

HAMPSHIRE’S VOLUMETRIC ANALYSIS, 

3rd Ed. 7s. 6d. net, postage Id. 


TEXT BOOKS 

of Ghenieai fteseareh and Engineering. 

Edited by W. P. DREAPER, O.B.E., F.I C. 

CROWTHER’S MOLECULAR PHYSICS. 2nd 

Ed. 29 Illust 7s. 6d. net, postage fid. 

DEEAPER’S NOTES ON CHEMICAL RE- 

SEARCH. 2ud Ed. 7s. fid. net, postage 5d. 

JOBLING’S CATALYSIS AND ITS INDUS- 

XBIAL APPLICATIOHS. Ond Ed. 12 Illust. 
7s. 6d. net, postage 6d. 

MAXTED’S CATALYTIC HYDROGENATION 

AND BEDDCTION. 12 Illust. 5s, net, post.n^ 3d. 

WILLOWS & HATSCJp^’S SURFACE 

TENSION AND ADHP AOE ENERCrT'* ^id Ed. 
21 5e. net, postage ^ 


HINCKLEY’S CHEMICAL ENGINEERING- 

70 Illust. 3s. fid. net, postage 8d 

HENRY’S PLANT ALKALOIDS. 21s. net, 

postage Is. 

HATSCHEK’S LABORATORY MANUAL 

OR ELEMENTARY COLLOID CHEMISTRY. 
20 must. 7s. fid, net, postage 3d. 

HOOD & CARPENTER’S PRACTICAL 

CHEMISTRY. 162 Illust. 21s. net, postage Is. 

JOHNSON’S ANALYST’S LABORATORY 

COMPANION. 5th Ed. 10s. fid., net, postage 4d 

MARSHALL’S EXPLOSIVES. 2 Vols. 2nd 

Ed 167 Illust. 638. net, postage Is. 3d. 

MARSHALL’S SHORT ACCOUNT OF EXPLO- 

SIVES. 29 Illust, 7s. fid. net. postage fid. 

MARSHALL’S DICTIONARY OF EXPLO- 

SIVES. 15s. nec, postage 4d. 

MAXTED’S AMMONIA AND THE NITRIDES 

with special reference to their Synthesis. 19 
Illust. 7s, fid. net, postage 4d. 

MOLINARI’S TREATISE ON GENERAL & 

IKDBSTEIiL CHEKISTBY. Vol. I.. Inorganic, 
48s. net, postage Is. Vol. II., Part I., Organic, 
30s. net, postage Is. 

ORLA-JENSEN'S DAIRY BACTERIOLOGY 

70 Illust. 18s. net, postage fid. 

OSTWALD’S COLLOID CHEMISTRY. 2nd 

^ Ed. 60 Illust. and many Tables. X8s, net. 
postage 9d. 

PICKARD’S MODERN STEEL ANALYSIS. 

5s. net, postage 4d. 

STANSBIE’S ELEMENTARY PRACTICAL 

METALLIXRG-Y, 25 Illust. 5s. net, postage 4d, 

SVEDBERG’S FORMATION OF COLLOIDS 

5^ Illust, 7s. 6d. net, postage 4d, 

TOGNOLI’S REAGENTS AND REACTIONS 

7s. fid. net, postage 4d. 

VILLAVECCHIA’S APPLIED ANALYTI- 

CAI CHBMISTBY. 3 Vols Vol. 1., 63 Illust , 
2Is. net, postage Is. Vol. II , 11 Plates, 25s. net, 
postage Is. 

WHYMPER’S COCOA AND CHOCOLATE. 

2nd Ed. 16 Plates and 38 Text- figures. ■Kls. net, 
postage Is. 

WILEYS FOODS AND THEIR ADUL- 

TERjITXON, Srd Ed. 11 Coloured Plates and 87 
Illust. 27s. net, postage Is. 

WILEY’S BEVERAGES AND THEIR ADOI^ 

TEBATION. 2Ll. net, postage Is. ^ < 

WILLIAMS’ CYANOOEN COKROPUDS: 

Their Chemistary and ManufEbcturek 
postage Sd. 


London: J. & L GHUSONILL, 7, 6reat MartboPMgii St., W.1. 
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ture of the Craiunm with Accumulation of Air in 
the Cranial Cavit\,” b> N. Hansbon; Plate- 
holder for Precise Roentgenography in Connection 
with Fluoroscopy,” by Gosta Foissell; "^Micro- 
scopic Examination of the Mucous Membrane of 
the NobC on Patients under Treatment foi Lupus 
Vulgaris with Universal Arc-Light Baths,” by K 
A. iieiberg and Ove Strandberg; ‘"Plastic Means 
of Application and their Use in Radiumtherapy,” 
by Lars Ediing; ‘"Die Intensitatsverteilung dei 
primal en Gamma-strahlung in der Nahe medi- 
zimscher l^aduimpiaparate,” by Rolf M. Sievert 


NEW COMPANIES. 

The under-mentjoned particulars of Rew Con panies recently 
registered are taken from the Daily Register compiled by 
Jordan U Sons, Limitro, Company Registration Agents, Chancery 
Lane, W.C.s. 


Victor H. Iddon, Limited —(1770451)— Registered September 
Mth, 1921. 309, Holderness Road, Hull. To acquire and carry on 
the business of V^endor of Pharmaceutical requirements and 
Sundries, Nominal Capital. £1,500 in 1,500 Shares of each. 
Directors* V. H, Iddon, 14, The Oval, Ganden Village, Hull 
(Managing Director); E. H. Russell, 14, Village Road, Hull 
(Managing Director). Qualification of Directors . £50, Remunera- 
tion of Directors To be voted by Company 

Fressons Drug Stores, Limited, — (177033)— Registered 
September agth, 1921. 177, The Broadway, Cricklewood, Middlesex 
To acquire and take over as % going ^4 carry on the 

business of a Drug Store, now carried on by Charles Francis Ftes- 
son, at 177, The Droadway, Cncklewpod. Nomtnal Capital- £1,300 
in 1,500 Ordinary Shares of £1 ewh Directors- C F. Fresson, 
177, The Broadway, Cnckfffwooel, ff.W.s. Herminia M^ Fresson, 
1^7, The Broadway, Cricklewood, Qnattfipatipn of 

Directors : £10. Remuneration of DlmoiaESi To be ytifeed by 
Company. 

Carmoi., Limited igai 
r8i, High Street, BlackheaihAteminghain^ ao carry on the 
business of Chemists and N Capital £1,000 

in s,ooo Shares of £t each.^DSecSS ; A, S, Price, 181, High 
Stre^, Blackbeath, Blrmihaghatn; R, T. Tiplady, 12, Bowkers Row, 
Rtoiton (Governing Directors). Qualification of Directors 25 
Shares. G<^verniog £5oeach. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancei^ Lane, 
London, W C 2 , from whom all information relating to Patents, 
Trade Marks and Designs can be obtained graiuUousl> 


Laissi Patent Appheutions. 

34303: — Ar her, M W — Method of producing white commercially 
pure ammonium chloride, ^pternber 12th 

34415 — Fairweather, H. G. C,— Recovery of nitrate from caliche. 
September i4ih. 

^558 — Jones, H Sefton. — Manufacture of pure nickel. September 
i6tfa. 

24670— Perkins, W. G —Treatment of copper ores, ^pteniber 
16th. 

24456— Rodd, E, H — Manufacture of dye stufifs. September I4tli. 

24392 — Plauson, H.— Process for treatment of rock phosphate, etc. 
September 14th 

25298— Akt. Ges fur Anilin-Fabnkation —Manufacture of dye- 
staffs of the acridine series. September 23 

24872 — Brothers, W —Manufacture of sulphate of aluminium 
September 20th. 

24831— Lancaster, H C,— Treatment of antiraonial lead Septem- 
ber 19th. 

24799 — National Aniline & Ch mical Co,, Ltd. — Seal for containers. 
September 19th. ^ 

25219— Plausons (Parent Co }, Ltd — Mauufacturc of colloidal 
sulphui . September 23. 

Specifications published tkss Week. 


161932— Riedel Akt, Ges., J. D.— Soluble mercury compounds. 

145038— Johnson, J. y.— Process for transforming ammonia into a 
salt for use as a fertilizer. ' 

146289— Carpmael, W.— Manufacture of cynamide derivatives of 
alpha-halogenated acids. 

146410—Clerc, A. and Nohoui, A —Manufacture of zinc sulphide 

248242— Chemische Fabrik Rheriania and Vorkelius, Dr G. A — 
Manufacture of manures by breaking up phosphates with 
nitric acid. 


Abstmet Published this Week. ,> 

Chromium Oxide Sodium Sulphide . — Patent No, 166289,— A ^ 

process for obtaining chromium oxide and sodium 
been Patented by Mr. €. J. Head, of Norfolk House,. 

Pountney Hill, London The products are obtained 
under reducing conditions a mixture of sodium 
and carbon in the proportions of zNag-CrO^ 2S and ^C, The 
product is leached, the ehfomium oxide being yrnsbed, aned and 
calcim 4. The sodium sulphide solution may be evaporated to 
dryness. According to the Provisional Sjiecification, the chromium 
oxide may be further pnrifieil by digesting with sodium carbonate 
solution, washing with hot water an# 

Messrs. Rayner & Co., wiB 
published specifications and will forward u® 
price of, i/-'each. 
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BAGK purchased on application 

97. Snot i-AMB, London, E.C 4. 


ADVERTISEMENTS. 

All communications for this Department should be ad- 
dressed to— 

T. G. SCOTT & SON. 

6q, Ludgate Hill, London, E C.4. 


PATENTS, TRADE MARKS. Handbook 

A and advice free— B. T. King, British and U. S. Regd. Patent 
Atiorucy , l4Ga, Qiaten Victon i St., London 35 years reference 


(^HEMIST, with extensive knowledge of the 

Manufacture of Intermediates for the Dyestuff Industry, 
desires post in or near London— 10 years’ practical experience, 
excellent references. Box 844, Scott & Son, 63, Ludgate Hill, 
London, E C 4. 


COVERS FOR BINDING. 


Cloth, Gih-httered, Covers for binding the Half-yearly 
Volumes of the 

CHEMICAL NEWS 

may now le obtained. Price if- each {^stftee 2/3). 
Volumes bound in Cloth Cases, lettered, and Numbered 
at 35, per volume 
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163627— Eustis, A H.— Meihocl of and apparatus for the recovery of 
sulphur 'dioxide from furnace gases and other gases 
containing the same. 

146939— Trent, VV. E.— Method and apparatus for treating ores, 
chemicals, minerals and the like. 

-Union Carbide Co. — Manufacture of calcium carbide. 
-Pfannenschmidt, P L —Acid chambers, acid towers, acid 
mains and similar arrangements. 

-Slarttier, F,— Process for jcnanufactunng a mortar fonni3Qg 
; anhydrite or the hke- 

T li . * . - * <■ 
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especially foreign) undj^rthe New A^t 1906, 



f'HKMICAL 

October 21 1921 J 


British Association — Engineering 


209 


THE CHEMICAL NEWS. 

VOL. CXXIII.. No. 3210. 


BRITISH ASSOCIATION 

FOR THE 

ADVANCEMENT OF SCIENCE. 
Edinburgh, iq2i. 

NOTES ON WATER POWER 
DEVELOPMENT. 

Address Delivered before Section G 
(Engineering) 

Professor A H. Gibson, D.Sr , President 
of the Section. 

(v.:oncluded from p. 203). 

Where accurate rainfall and evaporation records 
are available, it is possible to obtain what is often 
a sufficiently close* approximation to the run off, 
but even rainfall records are not generally at 
hand where they are most required, and even in 
a district where such records are available, they 
are usually confined to easily accessible points, 
and are seldom extended to the higher levels of 
a catchment area where the rainfall is greatest. 
Even throughout the United Kingdom our know- 
ledge of the rainfall at elevations exceeding sooft. 
is not satisfactory, and little definite is known 
concerning that at elevations exceeding ijoooft. 

In this country evaporation may account for .be- 
tween 20 and 50 per cent of the annual rainfall, 
depending on the physical characteristics of the 
site, its exposure, mean temperature, and the type 
of surface covering. In some countries, evap- 
oration may account foi anything up to 100 
per cent of the rainfall. As yet, how- 
ever, few records are available as to the 
eifect of the mam variables involved. An in- ^ 
.vestigation devoted to the question of evaporation 
fiom watei surfaces, and from surfaces covered 
with bare soil and with various crops, under 
different conditions of wind, exposure, and mean 
temperature, would appear to be urgently needed. 
If this could be combined with, an extension of 
Vermeulle’s investigation into the relationship be- 
tween rainfall, evaporation, and run-off on water- 
sheds of a few characteristic types, it would do 
much towards enabling an accurate estimate of 
the water power possibilities of any given site to 
be predetermined 

Even more useful results would follow the 
initiation of a systematic scheme of gauging 
applied to all streams affording potential power 
sites. 

Among other questions which are ripe for in- 
vestigation may be mentionbd : — 

(r) The combined operation of steam and water 
po\ier plants to give maximum all-round 
efficiency, 

12) The relative advantages of high voltage 
D.C. and A.C. generation and* transmission 
for short distances* - ^ 

13) Tb^ operation of automatic and semi- 
automatic generating stations. 


Tidal Power . — The question of tidal power has 
received much attention during the last few years. 
In this country it has been considered by the 
Water Power Resources Committee of the Board 
of Trade, who have issued a special tidal power 
report dealing more particularly with a suggested 
scheme on the Severn, The outline of a specific 
scheme on the same estuary was published by the 
Ministry of Transport towards the end of 1920. 

in F ranee a special commission has been 
appointed by the Ministry of Public Works to 
consider the development of tidal power, and it 
has been decided to erect a 3,000 k.w. experi- 
metnal plant on the coast of Brittany. With the 
view of encouraging research, the Government 
proposes to grant concessions, where required, 
for the laying down of additional installations. 

The tidal rise and fall around our coasts repre- 
sents an enormous amount of energy, as may be 
exemplified by the fact that the power obtainable 
from the suggested Severn installation alone, for 
a period of eight hours daily throughout the year, 
would be of the order of 450,000 horse-power. 

Many suggestions for utilising the tides by the 
use of current motors, float-operated air com- 
pressors, and the like, have been made, but the 
only practicable means of utilising tidal energy 
on any large scale would appear to involve the 
provision of one or more dams, impounding the 
water in tidal basins, and the use of the im- 
pounded water to drive turbines. 

The energy thus rendered available is, however, 
intermittent; the average working head is low, 
and vanes daily within very wide limits, while 
the maximum daily output varies widely as be- 
tween spring and neap tides. 

If some eiectrQ-che«iical or electro-physical pro- 
ce-^s were available, capable of utilising an inter- 
mittent energy suppl^ubject to variations of this 
kind, the value of tidal power would be greatly 
, increased. At the moment, however, no such pro- 
cess is commerciaily^'available, and in order to 
utilise any isolated tidal scheme for normal in- 
dustrial application it is necessary to provide 
means for converting the variable output into a 
continuous supply constant throughout the normal 
working period. 

Various schemes haye been suggested for obtain- 
ing a continuous output by the co-ordinated opera- 
tion of two or more tidal basins separated from 
each other and from the sea by dams with appro- 
priate sluice gates. This method, however, can 
only get over the difficulty of equalising the out- 
puts of spring and neap tides if it can be arranged 
that the maximum rate of output is that governed 
by the working head at the lowest neap tide, in 
which case only a small fraction of the available 
energy is utilised. 

When a single tidal basin is used it is necessary 
to provide some storage system to absorb a por- 
tion fk the energy dumg the daily and fortnightly 
periods of maximum^output/and for this purjjose 
the most promising method at the moment appears 
to involve the use' "of an auxiliary high level 
reservoir into which water is pumped when 
energy is available, to be used to drive sec^daiy 
turbines as required. It is, however., possible 
better methods may ^ devised. Storage fey the 
use of electrically- 'treated boilem been sug- 
gested, and the whole 'field of borage is one wffikh 
would probably ^vfmi repay investigation. 
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If a sufiici-ently extensive electrical network 
were available, linking up a number of toge 
steam and inland water-power stations, a tidal 
power scheme might readily be connected into 
such a network without any storage being neces- 
sary, and this would appear to be a possibility 
which should not be overlooked in the case of our 
own country 

Investigation necessary . — A tidal power project 
on any large scale involves a number of special 
problems for the satisfactory solution of which 
our present data is inadequate. 

Thus the effect of a barrage on the silting of a 
large estuar>% and the exact effect on the level in 
the estuary and in the tidal basin at any given 
time can only be determined by experiment, either 
on a small installation, or preferably on a model 
of the large scheme. ' 

Many of the hydraulic, mechanical, and electri- 
cal* problems involved are comparatively new, and 
there is little practical experience to serve as a 
basis of their solution. 

Among these may be mentioned : 

(1) The most advantageous cycle of operations 
as regards working periods, mean head, and 
variations of head. 

(2) The methods of control and of sluice gate 
operation, 

<3) Effect of changes of level due to wind or 
waves. 

^4) The best form of turbine and setting aiid the 
most economical turbine capacity, 
is) The possibilities of undue corro$ion of tur- 
bine parts in salt water. 

(6) The best method of operation; constant or 
variable speed. 

(7^ Whether me generators shall be geared or 
direct driven. 

{8} Whether generation shall be by direct or 
al temping current 

The ^ questions of interference with navigation 
and with fisheries; of utilising the dam for rail 
or road transport across the estuary; and, above 
all, economic questions connected wifh the cost 
of production, and the disposal of the output of 
such an installation, also require the most careful 
consideration before a scheme of any magnitude 
can be embarked upon with assurance of success. 

In view of the magnitude of the interests in, 
volved, and of the fact that rough preliminary 
estimates indicate that to-day current even for an 
ordinary industrial load could be supplied from 
such an installation at a price lower than from a 
steam generating station giving the same output 
with coal at its present price, it would appear 
desirable that these problems should receive ade- 
quate investigation at an early date 

Facilities for Research in Hydraulic and Cog- 
nate Problems. — In view of the considerations 
already outlined, and especially in view of the 
large part which British engineering will pi?bably 
play^ in future water power developments, the 
provision on an adequate scale at some institu- 
tion in this country of facilities for research on 
hydraulic and cognate problems connected with 
the development of water power is worthy of 
serious attention. 

At present the subject is treated in the curricu- 
lum of the engineering schools of one or two of 
I OUET universities, but in no case is the laboratory 
really adequate for the purpose in 


What is required is a research laboratory with 
facilities for experiments on the flow of water on 
a fairly large scale; for carrying out turbine tests 
on models of sufficient capacity to serve as a basis 
for design ; and, if possible, working in con- 
junction with one or more of the hydro-electric 
stations already in existence, or to be installed 
in the country, at which certain large scale work 
might be carried out. 

The provision of such a laboratory is at the 
moment under consideration in the United ' States, 
and in view of the rapidity with which the designs 
of hydraulic prime movers and their accessories 
are being improved at the moment, it would 
appear most desirable that the British designer, 
in order that the deservedly high status of his 
products should be maintained and epbi^C^d, 
should at least have access to equal f abil 
should, if necessary, be able to subpckit any out- 
standing probj^^s to investigation by a specially 

trained staff. ^ 

The extent to which our various engine labora- 
tories have been able of recent years to assist in 
the development off the internal combustion 
engine, and to which our experimental tanks have 
assisted in the development of the shipbuilding 
industry^ is well known to most of us, and the 
provision of similar facilities to assist in the 
development qf %y#cw#le^ric industry would 
probably have e^jqally good results m this con- 
nection. ^ " 

As a result of representations made by the 
Water Power Committee of the Board of Trade. 
I understand that it has now been decided to 
initiate a Chair of Hydro-Electric Engineering in 
some one university, and it is greatly to be hoped 
that funds may be available to enable the neces- 
sary laboratory to be designed and equipped on 
a scale commensurate with the importance of the 
work which it would be required to undertake. 


THE STUDY OF AGRICULTURAL 
ECONOMICS.* 

Address Deuvered before Section M 
(Agriculture) 

By C. S. Orwin, M.A., President of the Section. 

For the third year in succession the University of 
Oxford has been honoured by the selection of one, 
of its resident members for the office of President 
of the Agricultural Section of the British Asso- 
ciation, and on the occasion of the Edinburgh 
Meeting it may be of interest to recall that his- 
torically, at all events, the study of Agriculture 
and Rural Economy at Oxford takes second place 
to no university with the single exception of 
Edinburgh I am not a scientist in the commonly 
accepted sense of the word, and nothing but my 
deep conviction of the need for wider recognition 
of the importance of the study of economics in 
connection with agricultural research work could 
have overcome my reluctance to assume an office 
in which I have been preceded by such a long line 
of distinguished men. 

It is now about 25 years since research and 
educational work in agriculture began to be deve- 
loped seriously in this country. Since that date, 
a very great deal of effort has been expended in 
investigating the forces by which plant and 
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animal life are controlled, and to bring natural 
science to bear in every way upon the problems 
of food production. Work along these lines has 
been productive of most valuable results to the 
farmer; but at the same time the fact has been 
overlooked that, when all is said, farming is a 
business, and if it is to succeed as such, it must 
be carried on with a clear regard for the economic 
forces which control the industry. So, whilst 
desiring nothing but the fullest recognition of 
work in the fields of natural science applied to the 
investigation of farming problems, I must express 
without any qualification the view that the equal 
importance of the study of these economic forces 
has never been adequately recognised. Educa- 
tional and research work in agriculture which 
takes no account of the dominant importance of 
economics must always be ill-balanced and in- 
complete, for farming business requires for its 
proper control a consideration of human relation- 
ships, of markets, of transport, and of many other 
matters which should come within the purview of 
the economist, as well as, or even more than, a 
consideration of questions regarding the control 
of plant and animal growth with which the 
scientist, in the limited sense of the name, is con- 
cerned. No one could wish to deny the need for 
the close aiid continual study of the soil and the 
means by which it can be made to produce more 
abundantly ; no one could deny the need for re- 
search work in problems of animal and plant life. 
But the main concern of the farmer is to know 
not so much that which he can grow and how best : 
to grow it as that which he can sell and how to 
sell it at a profit. Given the necessary capital 
and labour, conditions may be contrived under 
which any soil may be made to produce any crop; 
but the wisdom or otherwise of embarking upon 
any particular form of production can be deter- 
mined only by a study of economic forces. In 
Bedfordshire, for example, considerable areas of 
very moderate land are met with given up to a 
most intensive form of agriculture ; but land 
equally suitable for a similar form of farming may 
be met with in many other parts of the country 
which is not producing a tenth part of the value, 
in food products nor employing a tenth part of the 
capital and labour, whilst at the same time the 
systems under which it is farmed are fully justi- 
fied by the results. The reason of the difference, 
as doubtless everyone realises, is that the land in 
the former case is so situated that it has access, 
in the first place, to supplies of organic manures 
on an abundant scale and at a cheap price, and in 
the second place, to markets crying out for its pro- 
ducer; whilst one or both of these facilities are 
denied to the other areas. In the Chi Items dis- 
trict of Oxfordshire, farming a generation ago 
was mainly directed to the production of corn and 
meat, and nothing that has arisen out of the work 
of the investigators along lines of natural science 
would have called for any radical changes in 
agricultural policy on these soils. But economic 
forces, inexorable in their effect, have broiigbt 
about a revolution, and arable land previously 
under corn and sheep is now laid down to grass 
or occupied with fodder crops for the maintenance 
of the dairy herds which have replaced sheep 
throughoiut. the area, in the hill districts 

of « England and there occur combes and 

valleys admirably adapted by soil and climate lo 


the production of potatoes, and the highlands of 
Devonshire' and Somerset may be cited in illustra- 
tion. In these places, however, in the majority 
of cases, even though good markets may exist — 
Somerset, for example, imports potatoes — the lack 
of transport facilities makes it impossible for the 
farmers to produce anything which does not go 
to market on four legs Coming last to the 
question of human relationships, we find that it is 
possible to organise much more intensive forms of 
agriculture than any of our own, which would be 
an enormous advantage to a consuming nation 
like Britain; examples of such are to be met with 
in varying degrees of intensity in many countries. 
The Chinese, one reads, have increased produc- 
tion per unit area to an almost incredible extent, 
and in a lesser degree a similar state of affairs 
exists in parts of France and in Belgium (so often 
held^ up to us in this country as a model of pro- 
ductive capacity which we should strive to emu- 
late). But in all these places the results are only 
achieved by a prodigal use of labour. The nation 
gains, no doubt, in the volume of produce avail- 
able for its consumption, but the individual pro- 
ducer, deprived under this system of the oppor- 
tunity to apply his manual effo-rt in conjunction 
with an adequate amount of capital and land, is 
sacrificed to the consumer’s advantage, and is 
driven to spend himself, year in and year out, for 
a reward for his toil which the British worker, 
with so many alternative openings in more profit- 
able directions available for him under our in- 
dustrial system, would never for one moment sub- 
mit to. From what I have read, I imagine that 
the fact which drove so many Scottish crofters 
across the seas was mnch less the selfishness of 
deer-stalking landlords than the opportunity for 
exchanging a few acres of rocks and heather in 
the Highlands for i6d acres of the virgin soil of 
Canada. People only submit to poor conditions 
of life when they have no alternative, and one of 
the most important studies awaiting the investi- 
gator of agricultural economics is that of the lines 
on which to develop, the industry so as to give the 
worker the biggest reward for his toil. 

These few illustrations may serve to indicate 
the over-riding importance of the economic factor 
in forming just as in any other business. It is 
a common experience in industry that many 
scientific and technical processes are possible 
which are not profitable, and it is in the light of 
the profit that they lei^ve that all of them must be 
judged. 

Economic conditioiSis are subject to continual 
change, and the variations may be both sudden 
and extreme. This makes it the more needful to 
be cxjntinually recording experience and to 
examine it for the facts that emerge from which 
to obtain guidance for future poli<^. Much in- 
formation is required both for national and in- 
divicrtal guidance. Of late years, for example, 
there h^ been muck advocacy of more intensive 
cuUivartion of the smi; it is said that by closer 
settlement and mote intensive methods the Mq* 
duction from the land could be much infre^ll^. 
On the other hand, ffiere are those isdm 
a development of e;stensive farming 
only means by which to attract capital io 
and to pay the h^^ wage to fee Both 

side^ to this ^ fontroyersy can 
evidence m of their views^ and some 
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Farms 
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per acre 
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man. 
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s. d. 
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i fi. d. 

I. 0-50 

5 

39 

17 

341-369 

32 10 

7 'i II 

19 II 

168 19 0 

II. 50-100 

10 

78 

22 

319-384 

33 0 

6'4 9 

19 2 
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III. IOO-150 

14 

138 

21 

370-453 

27 2 

4*2 7 

19 I 

189 0 0 

IV. 100-250 

II 

201 

II -7 

330-41 1 

28 4 

3*3 7 

5 8 

222 12 I 

V. over 250 

12 

356 

i8-o 

286-435 

26 5 

2*6 8 

4 4 

316 IQ 0 
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Cabbages, 
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Turnips, 
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per dozen 
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Producer 


... 

, 

0 3 

0 2i 

3 0 

3 6 

3 0 

Wholesaler 





-I 0 

0 0 

5 0 


5 6 

Retailers — 









{^z) Stalls and 

Barrows 

... 


2 6 

2 0 

6 0 

— 

14 0 

(^1, Suburban shops 


. 

3 0 

2 6 

8 0 

— 

14 0 

(c) Stores and high-class shops 


.. ... 4 0 

3-^0 

10 0 

14 0 

18 8 


figures derived from a survey made by my col- 
league, Mr. J, Pryse Howell, will serve to illus- 
trate both. The total area surveyed was 9,3<)o 
acres, divided into 52 farms of various sizes, and 
the region was selected by reason of the uni- 
formity of the general conditions. All available 
data for each holding were collected, and after 
grouping the farms according to acreage, the 
figures were thrown together and averaged for 
each group, with results as shown in Table I. 

It will be noted that the conditions under which 
the farming is carried on in the various groups 
show no material differences as between one group 
and another, except in the matter of ar^ There 
is a tendency for rent to fall as the size of the 
holdings increases, but it is not pronounced, and 
in one case (Group IV.) the percentage of grass- 
land to arable land is considerably higher than in 
the rest; but, considering the variations which 
must be expected in the conditions prevailing over 
any area of 15 square miles in extent, it may be 
claimed that in respect of altitude, quality of 
land, and proportion of arable to grass the hold- 
ings in these five groups are fairly comparable. 
Taking the results as they stand, the fact emerges 
that employment and production vary inversely 
with the size of the holding, but that the produc- 
tion per man employed varies directly with the 
size of the holding. Thus, on the one hand, 
the advocates of closer settlement and the inten- 
sive methods vrhich must necessarily follow if 
men are to live by the cultivation of small areas 
of land would seem to be justified in that the 
results shown by the survey indicate the highest 
amount of employment and the greatest product- 
value in the smaller groups. On the other^hand, 
the advocates of more extensive methods of farm- 
ing can point to their justification in that it is 
clear that the efficiency of management is greatest 
in the larger groups if the standard of measure- 
ment be that of product-value per man employed. 

However, it is clear that either party is drawing 
conclusions from incomplete data. The efficiency 
of any farming system can only be judged by an 
examination of the extent to which all the' factors 
of production are utilised and balanced under it. 


Each of the assumptions made from the figures 
above ignores entirely the factor of capital. 
Land, labour, and capital are all required for 
production, and the oftimum system of farm 
management is that which utilises all three to- 
gether so as to secure the maximum result from 
each. If information were available as to the 
capital utilised in each of the five groups in the 
survey it might be found that in the smaller 
groups labour was being wastefully employed, and 
that an equal number of men working on a larger 
area of land with more capital, in the form of 
machinery equipment, would produce an equal 
product-value per unit of land with a higher rate 
of output per man employed. Equally it might 
be found that in the larger groups' the use of 
more labour, or a reduction in the area of land-; — 
might produce the same product-value per man 
with a higher rate of output per unit of land. 
Obviously there can be no absolute answer to the 
question of what constitutes the most economical 
unit of land for farm production. The quality of 
land in certain cases, and market, transport, and 
climatic conditions in many more, make it impos- 
sible to determine even within wide limits the size 
of the holding on which the principal factors of 
production can be employed with maximum effect. 
Within similar areas, however, and in limited 
districts, much work can and should be done by 
agricultural economists to collect evidence on this 
point for the information of all concerned with 
the administration of land. 

Another matter of the utmost importance to the | 
former and to the public alike, and one which %s ’ f 
crying out for investigation on a large scale, is 
the distribution and marketing of farm produce. 
Attention has been drawn at many times to the 
discrepancy between the price realised by the pro- 
ducer and the price paid by the consumer for the 
same article. In connection with market-garden 
produce, for example, the Departmental Com- 
mittee on the Settlement or Emploj^'ment on the 
Land of Discharged Sailors and Soldiers stated 
in their Report (Cd. 8182, iqib) that “the disparity 
between the retail prices paid for market-garden 
produce in the big towns and the small portion 
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of those prices received by the growers is utterly 
indefensible. It demonstrates a degree of 
economic waste which would ruin any other 
industry ” No evidence was published by the 
Committee as to the facts upon which this con- 
clusion was based, but a recent inquiry made by 
the Ministry of Agriculture into the prices pre- 
vailing at various stages in the distribution of 
vegetables in London may be quoted in confirma- 
tion of It. Figures were collected to show the 
amount received by the producer, the wholesaler, 
and the letailers for various classes of everyday 
garden stuff, with results as shown in Table II. 

One has only to glance at the prevailing 
methods of distribution to realise their wasteful- 
ness. The street in w'hich I live contains ten 
houses, and each day four milk-carts, three bakers’ 
carts, three grocers' carts, and two butchers’ carts 
deliver food to them. Twelve men, horses, and 
carts, not to mention a host of errand-boys on foot 
and on cycles, to deliver food to ten .families \ 
While we are content with such a loose organisa- 
tion of distribution as this represents, we must not 
wonder if prices received by producers seem dis- 
proportionate to those paid by consumers, particu- 
larly w^hen the produce partakes of the nature of 
market-garden stuff, bulky, perishable, and of low 
value. But apart from the question of methods 
of distribution, and the advantages to producer 
and consumer alike which, would accrue from 
some co-operative organisation directed towards 
the elimination of unnecessary retailers who do 
no real service to either of them, an investigation 
of transport and marketing costs w^ould show to 
what extent they are being exploited by the distri- 
butor. The farmer suffers equally with the 
maiket-gardener. At the present time I am 
getting IS. gd. per gallon for milk sold to a 
middleman from my farm, and for this milk my 
wife is charged 3s. per gallon I am selling lamb 
at IS. 4d. per pound for which she is charged 
2s. 6d. per lb., and if the drought had not upset 
the crop I should be selling potatoes at an equal 
disparity as between wholesale and retail prices. 
Can anyone say whether these figures do or do 
not represent a fair division of total cost as be- 
tween producer, retailer, and consumer? It may 
be asserted with confidence that no one can speak 
with authority upon the subject. The only figures 
which we have been able to collect at Oxford on 
the cost of distribution relate to milk, and the 
most recent that we have are those for the year 
iQiS. In that year in a Midland manufacturing 
town we found that the distribution costs Of a 
large producer-retailer were as follows : — 

£ s. d. 

Labour : Manual and clerical ... 1,242 10 2i 

Horse 497 o gi 

Rent 75 o o 

Sundry purchases, depreciation, 
general expenses, See 430 2 i 

Total cost £2,2^4 13 I 

Number of gallons of milk distributed 112,833 

Cost of distribution per gallon ... 4'77d. 

Doubtless the condition^ have changed since 
that year, nor is it possible to generalise from a 
"single example; but, nevertheless, the figure for 
the gallon-cost seems to indicate that both farmer 


and consumer are suffering in the interests of the 
distributor, though it is impossible to say without 
further investigation whether the profit secured 
by retailers generally is excessive, or whether the 
difference between distribution cost and the 
margin out of which it is paid is necessary owing 
to an excessive number of distributors. 

As to the other points named, meat and 
potatoes, no evidence exists at all, and the 
position with regard to them and also to milk is 
only indicated to emphasise the need for a full in- 
vestigation of the economics of distribution. 

At the present time labour problems^ afford a 
useful example of the need for further investiga- 
tion of the economic problems of agriculture. 
The agricultural industry has been fortunate in 
that it has escaped the serious labour troubles 
w'hich have shaken many other industries so badly 
during the past few years. This has been due in 
part, no doubt, to the closer personal relations 
which exist between employer and employed in 
agriculture than in other enterprises, and in part 
to the intervention of that often unfairly criticised 
body, the Agricultural Wages Board, but agricul- 
tural employers have also to thank the fact that 
agricultural labour is difficult to organise. Much 
controversy in the past would have been avoided, 
and the possibility of future difficulties could be 
faced with more confidence, if all the facts relat- 
ing to labour had been and were being studied 
over the country generally. The labourer is often 
blamed for results which are due to the ineffi- 
ciency of the farmer as a manager. When wages 
were low it may have been that the labourer was 
the cheapest machine, but in proportion as his re- 
muneration approaches more nearly to the stan- 
dard of reward in competing industries, so will 
the necessity for making his work more productive 
be intensified. The value of the output from the 
farm per man employed is not the only measure 
by which to gauge the efficiency of the manage- 
ment, but is certainly one of primary importance. 
A man with a spade can dig an acre of land in 
about two weeks at a cost to-day of about £4 los. ; 
a horseman and a pair of horses can plough an 
acre in about a day-and-a-half at a cost of 
£1 15s.; a farm mechanic on a tractor can break 
up an acre in about a quarter of a day, and 
although in the absence of sufficient data the com- 
parison cannot yet be completed by reference to 
the cost of motor ploughing, it is fairly safe to 
suggest that when all the factors are cemsidered— 
speed, less dependenoe upon atmospheric and soil 
conditions, as well as actual cost — there will be 
a still further advantage to be derived by invest- 
ing the manual worker with the control of 
mechanical power. Thus it may be thsCt high 
labour costs to-day are due in many cases less to 
the inefficiency of labour and more to the in- 
efficiency of management. In a recent issue of 
The Times an agricultural writer expressed the 
view that if the means existed for determining 
the proportion of th€ net returns of agriculture 
accruing to-day to labour, it would be found that 
labour was taking an^ excessive toll of farming 
restilts. This view is probably very generally 
held, and it affords a good example of the mis- 
conceptions which may and do anse in people’s 
minds in the absence of exact information upon 
which to base theiir^ assertions. This happens to 
he on^ of the questions which have been the sub 
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ject of investigation at Oxford, though only on 
the small scale that the means at the disposal of 
the University has admitted. An investigation 
was made before the War of the Distribution of 
the Net Returns of Agriculture as between land- 
lord, farmer, and labour. The net returns are 
calculated from the net output, and the net output 
was ascertained by the method followed in the 
Final. Report on the First Census of Production 
of -die United Kingdom, 1907 {Cd. 6320). Under 
this method the cost of materials at the works is 
deducted from the value of the output at the 
works, and the difference constitutes for any in- 
dustry the fxmd from which wages, salaries, rent, 
royalties, rates, taxes, depreciation, advertise- 
ment, and sales expenses, and all other similar 
charges have to be defrayed, as well as profits. 
The same basis of calculation was adopted in the 
Report of the Board of Agriculture and Fisheries 
on the Agricultural Output of Great Britain (Cd. 
6277) made in connection with the Census of Pro- 
duction Act, 1906. In applying this measure of 
net output to the agricultural industry, the method 
is to value the farmer’s capital at the beginning 
of the year and to add to this figure all live and 
dead stock bought during the year, foods, 
manures, tradesmen’s bills, on-cost and estab- 
lishment charges, &c., and to deduct the total 
from the sales during the year added to the valu- 
ation of the farmer’s capital at the end of the 
year. Only in the case of the workers is their 
share of this net output available as net income. 
The landlord has to incur a considerable expvendi- 
ture upon the farm^ in the way of repairs and 
maintenance, and this must come out of his share 
of the net output. From an enquiry conducted 
by the Land Agents’ Society in the year 1909, it 
appeared that about 30 per c^t, of the rent re- 
ceived by the landlord is expended by him in re- 
^ pairs, insurance, management, and similar pay- 
ments necessary to maintain the property in a con- 
dition to produce the rent The farmer, too, may 
have certain expenses to meet not covered by those 
deducted in arriving at the net output, and his 
share of this figure has also to cover some rate 
of interest on his working capital, besides the re- 
ward due to him for the exercise of his 
managerial functions. Thus, in considering the 
distribution of the profits of agriculture between 
the three interests concerned, it is necessary to 
distinguish between net output as defined in the 
Census of Production and what may be termed the 
net returns. The net returns are ascertained by 
deducting from the net ouput any additional ex- 
poses of the business not already allowed for; 
a sum representing about 7 per cent interest on the 
farmer’s capital {thb figure being based in cur- 
rent rates for money), and one-third of the amount 
of the rent. 

This method for calculating net returns was 
ai^lied in 1QJ3 to six farms scattered all over the 
comiitry, and differing from each other in almost 
every way as to systems of management, soil, 
locality, and so forth, and it was found that the 
proportions accruing to each of the three interests 
varied hardly at all, and that it would be safe to 
say that 20 per cent of the total was going to the 
l^dlord, 40 per cent to the farmer, and 40 per 
’ labour. Owing to the disorganisation of 

tpe TOTk arising out of the war, it was not pos- 
sible to carry on the investigation on each of these 



Landlord 

Farmer 

Labour 

100 

100 

100 

Q 7 

104 

99 

94 

108 

93 

QI 

115 

94 

90 

III 

99 

87 

II5 

98 

. 89 

109 

102 


six farms, but it was continued in conh^f 
one of them down to the year 1920. Tfi 
may fairly be described as typical of “averag 
to rather indifferent” conditions. It was a tenant- 
farm, about 1000 acres in extent, commanding a 
rent of less than £1 per acre, about three-quarters 
arable, situated on light to medium land, seven 
miles from a station, and farmed mainly for pro- 
duction of corn and meat. Taking the above pro- 
portions, namely, 40 per cent each to farmer and 
labour and 20 per cent to landlord as the pre-war 
rate of distribution, and calling each of these 
shares 100, the proportion of distribution between 
the three interests varied during the following six 
years as shown in Table III. 

Table HI . — ^Distribution of the Net Returns from 
Farming between Landlord^ Farmer^ and Labour 
during the years 1913-14 — 1919-20. 

Year 

1913- 14 (Standard) 

1914- 15 ^ 

19x5-16 

1916- 17 

1917- 18 

1918- 19 

1919- 20 

The figures are interesting in several ways. In 
the first place they seem to disprove the suggestion 
referred to above, that labour has been taking an 
undue share of the nqt returns from farming, for 
an examination of the figures in the “Labour” 
column shows that until the institution of the 
Agricultural Wages Board in 1917, the tendency 
was in the direction of a slight but steady reduc- 
tion in the propoition coming to the workers; the 
effect of the Wages Board Orders was to steady 
this tendency and, ultimately, to bring labour 
back approximately to the position it occupied in 
1913-14, If the figures could have been continued 
for another year, it is likely that they would show 
a material increase in the workers’ share, but, 
even so, it would be found that this increase had 
been achieved without reducing the farmer’s share 
below his pre-war proportion. In the second 
place, the figures confirm the experience of land- 
owners m that the landlord has received no part 
of the increased prosperity of farming, whilst, as 
everyone knows, his expenses of maintenance 
have enormously increased. Briefly, the situation 
is that, thanks to the Agricultural Wages Board 
(and Its appointed members may take heart fromi 
the fact), the workers have been maintained in 
the same position as regards their share in the net 
returns as that in which they were before the war, 
whilst the farmer has received his share in the in- 
crease realised during the past few years, together 
with that which would have gone to the landlord 
had the pre-war scale of distribution been main- 
tained. Rents and wages under normal con- 
ditions are slow to adjust themselves to changes 
in fanning fortune, and, except in a time of vio- 
lent economic upheaval, it is right that this 
should be so, for if the landlord may be regarded 
as a debenture holder, and labour as a preference 
shareholder, then the farmer, as the ordinary or 
deferred shareholder, has to bear the" brunt, and 
if he must take the kicks, so also is he entitled to 
the half-pence. 

Turning now from problems in which either the 
nation generally or whole classes of the industry 
are concerned, it may be stated that there are 
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many economic problems arising on the farm it- 
self in the solution of which the individual farmer 
should be able to derive help from the economist 
Some of these problems are so simple that their 
solution should be obvious, but the fact remains 
that waste in its most easily eliminated forms is 
constantly to be met with on the farm. The need 
for the study of the economic use of manual 
labour has already been referred to in another 
connection, but, granted that the balance between 
the employment of land, capital, and labour on 
any farm has been established, cases are con- 
tinually met with where labour is being mis- 
managed. It is a not uncommon practice at 
threshing-time to take the horsemen from their 
work to assist at threshing, and as this operation 
can only be performed in dry weather, it may be 
assumed that the horses might ^ usually be em- 
ployed on threshing days. Witfi manual labour 
costing about 7s. 6d. a day, and horses about 5s. 
a day, the advantage of hiring casual labour for 
threshing, even at higjb^ rates of pay, will be ob- 
vious when it is remembered that the horseman 
whose horses are standing idle represents a daily 
cost for the manual work performed by him of 
some 1 8s. On a Midland Countie? farm, where 
the maximum possible horse-hours in a certain 
week in November last were 238, the time actually 
worked by horses was found to be 87, owing to 
threshing operations, and the wastefulness of the 
labour-management in such a case is obvious 
Again, employers in certain cases object to paying 
Saturday overtime to men willing to work, be- 
cause overtime payments are at a higher rate than 
those for ordinary time, but they overlook en- 
tirely the fact that the Agricultural Wages Board 
provides no overtime payments to the horses, and 
and thus the heapest horse-labour on the farm is 
that performed on Saturday afternoon at overtime 
rates of pay to the horsemen. 

Eveiy^one realises, of course, the importance of 
keeping horses busy, but not everyone thinks how 
heavily the cost of manual labour is increased by 
idle horses. The maximum number of working 
days in a year is 313, a total obviously impossible 
of attainment in practice. Such records as are 
available show that the days actually worked by 
horses on the farm will not usually exceed four- 
fifths of the maximum. More time may be lost 
in summer than in winter, a fact not generally 
realised, and the period of maximum unemploy- 
ment falls between haymaking and harvest. The 
busy seasons are, of course, the autumn and the 
spring, when the preparation of the ground for 
winter and spring corn is going actively forward. 
In the year 1918, iigures were collected to show 
the peicentage of days worked compared with 
‘‘possible days” in each month on four farms dis- 
tributed pretty evenly over England, and the re- 
sults, thrown together, are as follows : — 

Table IV. — Percentage of Days Worked to 


Possible Horse-Days on Four Farms in ipi8. 

Per cent Per cent 

January 67 July 38 

February 82 August 65 

March 77 September ... 78 i 

April 74 October ... 80 

May yot November ... 67, 

June $6 December . . 64 


Although the figures represent an average of 
four farms, it is noteworthy that the result cm 


the individual holdings varied one from another 
in degree only, and that the months of maximum 
and minimum employment were tlie same in every 
case. The loss of time is far more serious than 
many people realise. The maximum possible 
horse-days in the year are 312, and the cost per 
day of the horses on the above four farms on this 
basis was 2s. 7d., whereas, owing to the time lost, 
the cost on the basis of days worked was 3s. 7d. 
Whilst some difference is inevitable, so great a 
discrepancy as these figures reveal can be avoided 
by skilful management, and one of the tests of 
the farmer’s efficiency is provided by an examina- 
tion of the distribution of horse-labour through- 
out the year on his farm. His cropping and other 
work should be so contrived as to provide for the 
uniform utilisation of horse-labour month by 
month._ Under skilful management the ditfcr- 
ences in the number of days worked by horses 
from year to year are extraordinarily slight. On 
an East Midlands farm, employing 23 horses, the 
days worked per horse during the past six years 
have been as follows. Da^^s worked per horse , 
1Q13-14, 250*255 1914-155 247; 1915-ib, 243; 

1916-17, 236; 1917-18, 243; 1918-19, 244-5. 

It may be noted, in passing, that figures such as 
those given for the seasonal employment of horse- 
labour emphasise the need for a study of the place 
of the agricultural tractor in farm management, 
for the busiest times of the year synchronise, more 
or less, with the seasons when the weather is more 
uncertain and suggest that the application of 
speedier mechanical power to field operations, in 
substitution for slower horse-power, would result 
in economic advantages in certain cases 

In connection with the study of economics on 
the farm, the quesrio© of agricultural costings 
naUirally suggests itself- Farmers, as a class, 
are not accountants and much less are they cost 
accountants, but this has not deterred many of 
them from taking part in discussions of farming 
costs which have going on in the Press and 
in the Food Controller’s offices for soiaote time 
past, and the confusion of thought on the question 
of w^hat cost of pioduction really is which these 
discussions have revealed is evidence of the need 
for study and education in costing processes. Few 
things can be of greater service to the farmer than 
scientific book-keeping carried out and interpreted 
with pro^r understanding, but few things can 
deceive him more than costing wrongly conducted 
or misinterpreted. The need for accurate think- 
ing is evidenced in nothing, perhaps, so much as 
in conneciton with the question of the valuation 
of the raw materials grown on the farm, the hay, 
straw, roots, pasturage, &c,, produced for home 
consumption in the process of manufacturing milk 
and meat. There can be only one basis of value 
possible, namely, their cost to the farmer, but it 
is contended, almost universally, that their 
: market price should be substituted for the sum? 

' that he has actually paid for them. As a matter 
of fact, the bulky feeing stuffs usually produced 
and consumed at home rarely have any 
value at all. A market value is one W 
realised in the market. Thus, com, 
certain other commodities have clearly market 
value because t^y ^re always sal^tWf, hc|t if all 
the farmers id the country dechScf ti^ielUthear 
mangolds - they WN® find that the market for 
mangolds is . ^i-existent, and that the prices 
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quoted in market reports represent a few deals to 
satisfy an infinitesimal demand. The same, is 
true of straw, and, in a slightly less degree, of 
hay in normal times. Even if the difficulty of 
fixing the market prices of certain products, such 
as turnips, straw, or hay, be ignored, and if it be 
assumed that there be a free market in such things, 
a fuller consideration of what the farmer really 
dQes*!#^^ to his stock will show how 

Lillies to his case. The 
market value of ' an at€tte 4% figure at which 
a willing buyer and a ^^linf^Hi^^ftiagr^se to 
do business. The farmer' who conteWfe^^iji #^#4 tj 
is iustifiied-' ha^^m Ms*' 
shA ^Ifeg Mmself, 

‘^d ^edng that .«€ ptrty to the 

titesaction there ^ can n 6 matksi and, conse- 
quently, no mke:h ^ the majo^ISf.of' 
cases each ‘Of is grown beC 4 hsef!' the 

farmer has need of them in*idie production of the 
article articles of food towards which his 
management is directed. If he could buy them 
more cheaply than he, grow them he would 
surely do so, but to regafd himself as a merchant 
instead of a manufacturer, and then to trade with 
one department of his farm against another is to 
involve himself in paper transactions which have 
no foundation in fact, and which may lead to 
disastrous conclusions. To take, for example, 
ifee cost of milk production. It is usual to argue 
that hay consumed by the <tow should be charged 
at its ‘market price. It may well be that in con- 
sequence of a temporary or of a local demand it 
will pay a farmer better to sell hay rather than to 
produce milk, and one of the main functions of 
book-keeping is to enable him to make a decision 
on such points as this. But he cannot expect to 
have it both ways; if he seifShay he cannot pro- 
duce milk, and •mce versa. Many farmers contract 
at summer prices for their winter supply of feeding 
stuffs, but a man who has bought linseed cake at 
a pound per ton less than the price current at the 
time when he is consuming it would hardly think 
of charging it to bullocks at any other price than 
that which he actually paid, and it is this figure, 
the actual cost to him, which must be the measure 
of the value of ail raw materials, whether they be 
bought in the market, or whether, for the sake of 
convenience and economy, they be grown on the, 
farm. 

Lastly, I want to urge, and particularly before 
a gathering such as this, the importance of agri- 
^tural economics in agricultural education. The 
realised, no doubt, by many teachers, but 
lia stifdcient body of data bearing on the study 
‘ management can be made available to 
pt is , impossible for them to give to the 
, of J jCTOctical agriculture that solid 

which is fundamental, and the 
M ! litiyfii to include in his instruction 
Jh^he economic test has never been 
, notelude more for which no basis 
at. all* Given the requisite 
body of information,' it would hot only be possible 
^but necessary' to reca^. the whole foundations 
on which the teaching of practical agriculture 

pot one of the ifew who appeaf “to derive 
from rhaMng^ tmmparisohs uhfavcpii-,, 
with that of other 
wello^k. at the work which 



is being done in the United States, in 

many, Switzerland, and' even in Russia, 

war, it is surprising to reflect that the agri^ifif^ 

turists of the nation which produced Adam Smiths 

Ricardo, and* John Stuart Mill should have been 

so slow to realise the need for a fuller oiganisa- 

tion for the study of'^riciiltural economics. 

THE CHEMISTRY OF COLLOIDS. 

By HUWHBEY D. , 

Exlnbatit>3i«r . 


dates from' an experiment 
of Thos. Graham in the year 1862 upoh^tterhW' 
of diffusion .of various suf^fices thropf F 
membranes.'' *Vt^dn'he 
Suits, Graham '‘foimd thnt hd 

the name of cry^talldids t6 those substances with 
a high rate pl“di^us|ofi, and colloids to those with 
a lolv rate, thereby drawing a sharp distinction 
between the two groups. As time went on, how- 
ever, many sitetances IWe found, which, accord- 
ing to their treatment, appeared either as crystal- 
loids or colloidtfiand as their number increased, 
Graham’s sharp fiW of demarcation was relin- 
quished, the names colloid and ^crystalloid being 
retained to denote geneial states of matter, rather 
than definite classes of substances. 

Besides the difference in their rates of diffusion, 
solutions of colloids arc distinguished from those 
of crystalloids by other properties which they ex- 
hibit to a greater or lesser degree, and which, 
when taken together servo to distinguish the two 
types of solution. These properties are : — 

(1) Appearance of Hiownian movement under 
the ultramicroscopc. 

(2) Exhibition of the Tyndall effect; 

(3) A small osmotic 'pressure ; 

(.|) The phenomena of cataphoresis and endos- 
mo'sis : 

(5) The phenomena connected with clectrdl| 
coagulation. ^ ' 

All these properties lead to the conclusion that 
the so-called colloidal solution is not a solution in 
the true sense of the word, since it must contain 
more than one phase. It seems very probable 
that the ‘‘dissolved” substance is present, not ip 
the form of simple molecules, but as compdW; 
tively large aggregates of molecules, which are 
still small in comparison with ordinary dimen- 
sions. A colloidal solution, therefpre, is not truly 
homogeneous, although such a condition is some- 
what difficult to define, and it stands half-way be- 
tween a true solution on the one hand and a coafse 
suspension on the other. 

, If a colloidal solution is viewed by directly 
transmitted light it usually appears perfectly 
clear. If, however, a beam of intense light be 
projected at right angles to the line of vision, the 
solution appears milky, the phenomenon being 
known as the Tyndall effect. .When a sipxite 
arrangement is viewed through a microscope, it' ta . 
found that the light is diffracted by the colloidal 
particles, and they appear as constantly moving 
points of light. This constant motion was first 
^served by the botamat Brown in the case of 
pollen grains suspended in water, and for some 
time its explanation was uncertaiq,. ^ now 
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apparent, however, that thq motion is due to the 
C(^uiinual irre^fuiar Iximbardment of the scaicely 
visibja pirtickf by completely invisible rtiole-. 

\vhiQh the particles are sub- 
' ? Ob|0fV4tioj> < 1 # this movement throu^»li 
' 1^0 microstsope, notablylhy Perrin, has resulted in 
.<;<^n^id0rably increa^Uia^ oip knowledge of the 

fs o| lybd^slfi^ng colloidal solutions 
l^iimeious, ah^ ;|uiv be said to va^ wim 
Istance, Pt^w^Mheril methods areV how- 
mii/ recognised : — / I 

I (i) /’^>'J^tV^/k-*-This includes the' addftion of a 
^egiiite pc^ptising lag^t, that is some active body, 
which (probably Ify Adsorption) brbaks down the 
substance fiorb.the massive state into a colloidal 
solution. Such actum is seen in the effect of 
alkalis in pcptising various metal oxides. Pep- 
lisation may also be biought about by washing 
out the coagulating agent frpm a piccipitate, but 
it will only be successful if it, is pos|iblo to remove 
; agent," aitd i'f coagiu 
1 jh 4 | V ‘t Undei tins head also 
IS 'flle'^prbparatiun of colloidal solutions 

by the gradual replacement of a solvent by an in- 
eit liquid : for instance, by slowly pouring a solu- : 
tion of mastic in alcohol into water. i 

( 2 ) ChcmicaL — An example is the formation of 1 
colloidal solutions of metallic gold by reducUon i 
ot solutions of gold chloride with tannin or form- 
aldehyde. _ Von Weimarn considers It possible, 
.adiSipting the * conditions, produce 
of aggregation ranging 
f| form to a ' 

has s^owp tShis to be 'l^ue 
in the case df^lmariuh^' suli^late. ' ' , ' 

,(3) a solid is' ground ex- 

tremely fi4e ilid Itbfe: pi:|Q:duct treated with' water, 
1^ of it will’ form a dbjJdidal solution vfhich wJl} 
'Stable if a Suitable p«ptiflng' agent is 
.This has, been done In case of 
l#yerat metals, ’ ' ^ , 

(4) EleciricaL — If an arc be struck between two 
metallic electrodes under water, portions of the 
metal arc disintegrated, and a colloidal ^lut|on 
reiults. Bredig and Sveub^rg, using water and 
»er liquids, have produced colloidal sol utions^ oPi 

i T*r . . A 1 _ . .0 ^ * 1, . ^ 
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^ ^ ^ . methods enuni€i’'ate4 above aim* at brbr 
ducihg i'pafticle which is small enbugh tb be fc^pi 
in motion ,by the Brownian movement,* If ^uch 
a particle be produced, it will stay au&pendedja 
IV. it was formed, and nqt prhj 

lf|f»||fi^fluence^df gravity^ ’Fdrcpim 
Cfe "fmP|||€^'|id 5 Wever, ;it 4 s necessary that tWo 
particles ^hali not coalesce^ lyhen they come in 
contact, which would foifew from the |;|irli4e 
tension of the particles; ;4id to brli^ig wf whi 
it is necessary that the shall be fiiri; 

with some protective emfeloaae. tiik mi* 
effected by the adaorptloh ' of ^knothet^ 


lespectively.^ This result is arrived at by using 
the ultra-microscope, and by hltering thiough 
collodion hlters of definite composition, which re- 
tain all particles above a limiting size. 

It w'as at one time thought that the charge upon 
the paiticles was due to ftictional contact between 
the pai tides and the medium in which they were 
dispel sed. Such an idea has now been discarded, 
ibut/it,has not been^, replaced by an^'thing very 
definite The general opinion as to the cause 
of the charge is divided under three heads; that 
the chaige is due 10 ionisation of some foreign 
substunce present in the colloid at the moment of 
founation; that the charge is due to the actual 
ionisation of the coUojd itself; or that the charge 
IS due to the preferential adsoiption at the sur- 
face of the colloid uff ions present in the disper- 
sion rnediuin. No i-tljablc method has as yet been 
lound for measuring^tlic absolute charge upon the 
particles, l^ut , ndugb j meas elements have been 
made, which am not even very concordant, from 
the movement^ of particles when placed between 
two^ charged' electrodes (cataphoresis). It is 
obvious that under such conditions, , poiat^lV 
charged panicles will move to the cathode and 
negatively charged pacticles to the anode. If is 
thu« found that .metallic hy-droxides, e.g.^ 
Fe{OH)», ^n \ other dyes are posi- 
tively charged In while colloidal metals, 

sulphur, sulphideSj'^f silicic and stannic acids, 
oosin, ihdigo, resin,- are negatively^ charged. 
An pbservation pl^lfandy’s in this connection is 
interefti|if ; d^hat in "I acid solution 

duarilift, being negatively 
and neuttai Jh pmt 
* ’1 Thm to support the thoory 

that the adsorption of- the 

hydrogen o 4 r! Jl^ldfnxyi^on. By measuring.; thn 
actual velpcity^#i'".p|!j>article 8 un^n^ a known 
potential ciaierence,^|Ad making Assump- 

tions, it iarpbssib}e^%i ;cal<mlati''"the’ 
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probably a single law of somewhat more complex 
nature defining the adsorption by a particle, of 
oppositely charged ions. 

The chemistry of colloids is as yet still in its 
infancy, but it has wide-reaching applications — in 
trades such as tanning, dyeing, and brewing; in 
agriculture and sewage disposal; and in physi- 
ology and pathology Its knowledge is very 
largely empirical, and further advance calls for 
unremitting research. 


THE FOURTH DIMENSION AND 
RELATIVITY. 

By F. H. LORING. 

If any pre-eminent scientist had been asked, not 
many years ago, to write a chapter in science 
which could be regarded as complete and^ so far 
as it dealt fundamentally with certain phenomena, 
beyond criticism ^ he might have chosen Newton’s 
Laws of Motion for the title of his essay. To-day 
Newton’s laws hold good in their practical appli- 
cation for a large group of phenomena, but the 
principle of relativity has opened up a new and 
extensive field of knowledge in connection with 
these laws, so that Newton’s equations are being 
superseded by a more complete set of equations — 
mainly to Einstein and to some extent to 
Minkowski and to H. A. Lorentz — which satisfy 
all the requirements of Newton and solve addi- 
tional problems which were not known to Newton 
— and this is accomplished without a change in 
the fundamental structure of these new equations. 

The mechanics thus created is very compre- 
hensive, since it is applicable to light and to 
electricity, i.e,^ to electro-magnetic- wave pheno- 
mena and to certain corpuscular radiations or 
motions, in particular to high-speed electrons. In 
general the presentment of phenomena is altered 
too. 

No eminent scientist of to-day would regard 
Newton’s laws as examples of crude and imperfect 
formulisations of fact. He would have the pro- 
foundest respect for Newton’s great work, but he 
would have to admit that even the most complete, 
and at the same time the greatest mental achieve- 
ment of man is not final for all time. The study 
of new phenomena in detail may any day add a 
new chapter to the most finished work even though 
it had been perfected to the highest degree by the 
contributions from leading experimentalists. 

The advent of the new relativity doctrine has 
brought into prominence the idea of a fourth 
dimension j and it may not be out of place to dis- 
cuss briefly the theory from this point of view. 
Those who take pleasure in studying such recon- 
dite problems as the fourth dimension may be in- 
terested in the following geometrical device used 
merely as an introductory^ illustration. 

Construct a proper cone and a cube as shown 
and so place the former that it will give right 
angles between its surface and any one of the 
edges Xj of the latter, as illustrated by the 
accompanying figure. The axis X of the cone 
will, if extended, pass through the diagonally 
c^pposite comer of the cube. 

^ How a line t drawn on this cone will be at right 
all the other lettered lines if it be 
i ^ revolve on the X axis at infinite 



JVote.— Angle of cone=7o=-56; or i8o°-7o°*56 when the cone is 
fwmM round the three edges of a complementary cube This 
aflfords an interesting paradox, for bow can an acute and an obtuse 
cone give the 90“ aisles specified ? The reader may £jad pleasure in 
solving this problem^^t is not at first sight obvious. 

speedy so as to lie in all places at once. Such a 
line,^ therefore, answers to the fourth dimension ; 
but it becomes, in consequence of its rotation, a 
volume figure in effect and involves time in its 
realisation, even though infinite considerations 
come into the matter. 

Devices of this kind may be helpful in a sense, 
but they must not be press^ too far; it is better 
to study the equations which contain the fourth 
dimension by implication. 

Minkowski’s conception of time and space is of 
interest here, for he says : ‘‘Henceforth space in 
itself and time in itself sink into mere shadows 
and only a kind of union of the two can be main- 
tained as self-existent ” His relativity equations 
give support to this view. Extension in the ab- 
stract would involve a dimension such as length 
in the abstract, but extension in the concrete, as 
when a body moves from place A to place B, 
involves time and space, time being consumed in 
the operation. Thus a time-extension becomes 
involved; and this affords perhaps a definition of 
reality which agrees wdth . Minkowski’s labelling 
as will be seen presently, or, as H. G. Wells has 
practically said— a thing has no real existence 
without being projected in time. An instan^ 
taneous being is a mere abstraction devoid of 
any semblance of reality ; but given successive 
instants of time it becomes a living thing The 
terms “living” and “being” here refer to all 
matter. ^ These are philosophical ideas but they 
have their counterpart or interpretation in the 
formulisation of physical phenomena along the 
lines laid down by Einstein, Minkowski, and H. 
A. Lorentz. 

If now a point within the cube, as determined 
by three co-ordinates x^} he projected to 

a given time-place on the time-axis co-ordinate, 
or line considered as in rotation, a tube or cone 
would result which calls to mind Minkowski’s 
world-tube idea, or spacetime filament^ as he 
also expressed it. The word “world” stands for 
physical phenomena: point-time events, or 

real happenings. Minkowski’s “world” can be 
described as a four-dimensional Euclidean space 
(continuum) which includes an imaginary time co- 
ordinate, and this has been given the mathemati- 
cal symbolism x^^^ — rct where c is the velocity 
of light, and this special mathematical device 
gives symmetry to the equations. In this mani- 
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fold system, if one specifies movement, ja. standard 
of movement must be adopted, just as one of 
length is adopted, and as Minkowski’s time-space 
idea involves movement, the velocity of fight be- 
comes the datum-line unit, as it were, m the 
system. This constant enters into the fourth 
dimension because it is common to all three axes 
which are in movement. The following, taken 
from Einstein’s article in Nature (Feb. 17, 1921) 
is of interest in this connection. 

Euclidean Geometry of Sfecial 

Three Dimensions. theory of Relatimty 
\r our Diinenstons.l 

Corresponding to two ^ Corresponding to two 
neighbouring points in neighbouring points in 
space there exists a space - time (point 
numerical measure events) there exists a 
(distance ds"*^) which numerical measure 
conforms to the equa- (distance ds) which 
tion ^ ^ conforms to the equa- 

,^tion 

ds~ = dx^^ X~ 2 "b 

ax\’\-dx^^. 

It IS independent of It is independent 
the system of co-ordin- of the inertial system 
ates chosen, and can be chosen, and can be 
measured with the unit measured w'ith the unit 
measuring-rod measuring-rod and a 

standard clock. 2^1, x^^ 
Xa are here rectangular 
co- ordi nates, whilst x^. 
-si --vet is the time 
multiplied by the imag. 
inary unit and by the 
velocity of light. 

The permissible trans- The permissible trans- 
formations are o«f such formations are of such 
a character that the ex- a character that the 
pression ds^ is invari- expression for ds^ is in- 
ant, i.e.^ the linear variant, i.e., those 
orthogonal transform- linear orthogonal sub- 
ations are permissible, stitutions are permis- 
sible which maintain 
the semblance of real- 
ity of Jl*,, Jfa, x^^ x^. 
These substitutions are 
the Loren tz transforma- 
tions. 

With respect to these With respect to these 
transformations, ^ the transformations the 
laws of Euclidean laivs of physics are in. 
geometry are invanant. variant. 

(QuotcUton emis here). 

It should be noted that the term invariant 
means that there is no change in passing from one 
set of moving axes to another; or precisely, as 
a given alternating^ current phenomenon can be 
analyzed into working components, each one of 
which possesses the characteristic of invariance 
and observes a common law. 

Relativity dynamics, or relativity equations in- 
volving a fourth-axis co-ordinate, regarded as 
representing time, enable problems hitherto un- 
solved to be solved when using the calculus and 
maHng each co-ordinate system a part and parcel 
as it were of each body movement, so that in 

♦This is a distance between pninls exceedingly near tecetber 
it is called a wbicn becoznes a point event.— ‘F.H.h. 


pabsing fiom one to the other the Lorentz trans- 
foimation obtains. 

Passing over considerable ground and turning 
to the culminating achievement of the theory in 
Its more extendea form (the General Theory of 
Relativity involving the Principle of Equiva- 
lence), the bending (or drawing-in — in the sense 
that converging railway lines ivould bring the 
trains closer together) of the course of light in 
parsing close to the sun, owing to the concentra- 
tion of the space-gravitational field (by analogy, 
the railway lines) round this massive body (due 
to the mass-energy of the sun as it might be 
termed), was clearly foreshadowed quantitatively 
by a development of the theory, and the pheno- 
menon was verified by the photographs taken at 
the last total eclipse expeditions (see Chemical 
News, 1920, cxxi., 277). 

NOTE ON FIELDING’S FORMULA 
CONNECTING CRITICAL TEMPERATURES 

AND PRESSURES. 

By J. NEWTON FRIEND, 

Municipal Technical School, Birmingham. 

There is a certain fasemation about numbers, and 
the application of mathematics to physical and 
chemical phenomena has revealed many laws and 
remarkable coincidences, which, in not a few 
cases, have proved of great value in elucidating 
intricate problems and in providing fresh avenues 
for research. Investigations of this type may be 
I divided into two groups. To the former of these 
i belongs that well-ordered and logical method of 
attack, which, based on certain assumptions, leads 
to the formation of laws, formulae, &c., the 
correctness of which stands or fails, not by the 
method of calculation, but by the soundness or 
otherwise of the initial assumptions. A well- 
known illustration is Foiseuilles’ famous formula 
for determining the viscosity of a liquid as 
derived by Laplace. 

To the second class belong such coincidences 
and laws as are discovered by methods of trial, 
and not based upon any reasoned sequence, 
Kepler’s laws of the planetary movements would 
appear to be an apt illustration Both methods 
have yielded very valuable results. In a series 
of papers appearing in recent issues of the 
(Chemical News, various formulae have been sug- 
gested by Fielding, in w’hich numerical relations 
between certain physical data have been dis- 
covered. The method has clearly been that of 
trial and failure, and it is interesting to enquire 
whether the relationships are purely coincidences, 
or if they can be substantiated on theoretical 
grounds. 

The formula given by Fielding (Chemical 
News, 1918, cxvii , 3;^ connecting critical tem- 
peratures and pressures, 

Tr — K V 

in which Tc and are the international physico- 
chemical symbols for critical temperature and 
pressure, and k aiid.:r are constants. 

This was arrived at purely by trial and error, 
and undoubtj^Iy represents the fruit of an enor- 
moi^ number of^ Calculations. 
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Sow a consideraiion uf van der Waals’ equation 


(P+f.) (v-6)=RT 


eads to the following well-known 
between Tc, R and a and b. 

relationships 

fc=aj2yb^ 

. (i) 

K’Tc^'6al2yb 

whence 27^"— 64fZ"/R“Tc'27 

From (1) and (in) it follows that 

pc-2yR'^Tc^l64a 

27 

(11) 

... (iii) 


Now if remains fairly constant, as is quite 

within the bounds of possibility, at any rate for 
allied elements, such as the halogens, it is clear 
that the equation may be written 

Where K is a constant and equals S\/a 
This expression is the essential feature of Field- 
ing’s equation. It is hardly to be anticipated that 
s/iifK shall be even approximately constant for 
ail the elements, and Fielding finds that there are 
notable exceptions. The equation holds well^ for 
hydrogen and the halogens, but oxygen and nitro- 
gen yield divergent values. There is thus seen 
to be a theoretical foundation^ for Fielding’s 
empirical formula, and a theoretical explanj.tion 
for its very obvious limitations. 


SPECIFIC HEAT OF VAPOURS 
Determination of Specific Heat of a Vapour 
AT Constant Pres^uIie Ci>. 

* By J. C. THOMPSON. 


The following method though not theoretically 
sound is fairly correct in its result. 

Suppose I grm. of water at 4° C. be converted 
into I grm. of gas at i atmosphere pressure. This 
of course, is impossible as the Attractive Pressure 
exceeds i atmosphere at this density. Suppose 
this excess of attractive pressure to be small (or 
better to be compensated for in calculation at 
5° C.), then the work to do this is 


measured in atmosphere grms. D -is equal to 
unity. 

Suppose 1 grm. of w^ater at 5° C. be converted 
into gas in a similar manner, then the work to do 
this will be 


Pg loge Pg X 


o’574^ 

X>5^ 


Now the difference between these two works 
converted into ergs will equal the specific heat of 
water in ergs from 4° to 5° less the specific heat 
of water vapour at constant pressure in ergs. 

On calculating work at 4°, the figures 
3910*059x0*5746 in atmosphere grm. centimetres 
and at 5° 3926 164x0*5746 are obtained. 

The accuracy of these calculations is not correct 
to seven figmes, but as regards their difference, 
IS probably correct to six figures. The difference 
these two in ergs = 2* i6o x io^ = Specific 


Heat of Water -Specific Heat of Steam— 
4 *i88x io‘-e 028X lo’ ; or Specific Heat of 

Steam 4843 grm. calories; or if Specific 

4* 1 00 

Fleat of W'ator from 4° to 5° is taken at 1*004 
gim calories, Specific Heat of Steam=o*48 grm. 
calorics. Experimental result at higher tempera- 
tuic-049. 

A Fc2i> Ex'^lanaiwns. 

\\) Molecules do not collide^ but fass sitfji 
ciLiitly near each other to have their directions 
altered by the atir active forces acting between the 
molecules. 

The forces gravitational alone between mole- 
cules, even thnugl] the molecules be small in 
weight and large m size, must be gieat at the 
small distances at which the molecules are apart. 

A very small acceleration at right angles to the 
initial velocity of a molecule would prevent 
their collision. Or a very small velocity at right 
angles to the forces of attraction between two 
molecules would prevent the collision of mole- 
cules. Suppose collision of molecules to take 
place, in the gaseous state at least, before a col- 
lision takes place the molecules must have passed 
very close to thousands of molecules before the 
collision actually takes place. There is no collision 
between stars, and only on the assumption of very 
large molecules and ver>’ small forces between 
them can collision take place in gases. Take the 
first — the assumption of veiy large molecules 
compared with their distances apart. This can 
only be true if molecules expand on passing from 
liquid to gaseous state. If molecules make this 
big expansion, it does not seem probable that they 
are perfectly elastic spheres. The second assump- 
tion — that the forces of attraction between mole- 
cules IS small is highly improbable. Consider 
: ivater gas at 100° C. and i atmosphere pressure; 

I the slightest increase of density makes the gas 
I quite independent of external pressure; that is, 
there ceases to be an external pressure. On the 
collision theory, the collisions must still go on 
and be counteracted by some other force. This 
force must be at 100° C. be less by an infinitesimal 
amount than the force required to produce i 
atmospheie pressure. Which is by no means a 
small force compared with the weight of sub- 
stance. 

(2) Molecules have no size . — This should be 
rather stated that the size of molecules does not 
in any way influence the volume occupied by a 
liquid. 

I3) /I liquid is a gas under its own cdtractive 
pressure —This is more or less accepted, together 
with considerable size to molecules. The pres- 
sure, of course, will vary with the size and other 
properties given to molecules. When a property, 
as Latent Heat, is related to a force that assumes 
no size to molecules, either the molecules have 
size which is also related to the Latent Heat, or 
they have no size. The latter assumption is far 
more probable. It would be as well to mention 
here that any change in the size of molecules is 
believed to be accompanied by optical and electri- 
cal phenomena, the kinetic energy of the parts 
of the molecule, and hence the size of the mole- 
cule bearing a similar relationship to the electri- 
cal potential, as the kinetic energy of the mole- 
cules, and hence the density of the substance does 
to the temperature. 
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Comfressibility . — A liquid apart from the sur- 
face is incompressible until a pressure equal to 
the attractive pressure is applied. 

Me 7 iiscii.s , — A meniscus will be formed when 
the attractive pressure exceeds the applied pres- 
sure. 

Solubility . — Two liquids, not miscible, form a 
miniscus when in contact with each other. 
(Where ionization takes place another factor is 
involved). 

At applied pressures exceeding the attractive 
pressure of the substance with highest attractive 
pressure, all substances are miscible. This should 
take place about seven rniles beneath the sea-level 
— hence the earth’s interior becomes homogeneous 
and doubles its density every seven miles. Also 
no mountain could exceed seven miles in height, 
unless constructed of some specially light 
material. 

The attractive pressure of a vapour is equal 
and opposite to the vapour pressure at that pres- 
sure. 

The surface of a liquid must be considered as 
being at pressures which vaiy” from the aiiplied 
pressure to the attractive pressure. 

(4) A solid is a liquid in which the attractive 
forces of the molecules are diiferent in different 
directions. 

This follows directly from the theory^ of a liquid 
and explains the increase or decrease in density on 
solidification of a liquid. 

This readily explains the hardness and elasticity 
of solids. It may be possible that a solid always 
consists of a number of minute crystals. 

(5) A crystalline solid is so arranged that equal 
forces always act in the same direction. 

The growth of a crystal from solution is ex- 
plained on this hypothesis, as the molecules m 
separating from solution will attach themselves 
to the small crystal so that the greater forces act 
upon the greater forces. 

A crystalline solid will have different attractive 
pressures in different directions, and hence differ- 
ent coefficient of expansion in different directions. 
A crystal, too, will have different densities 
in different directions. The double refraction 
of light in crystals points to different densities in 
different directions. Both the refraction of light 
and density depend on attractive pressure. 


NOTICES OF BOOKS. 


Coke-O^en and By-Product Worhs Cke^nistry. 
By Thomas Biddhlph-Smith, F.C.S. Pp. 
x, 4-196. London. C. Griffin & Co., Ltd, 
Exeter Street, Strand, W-C.2. Price 21s. 

The author has written this book for the guid- 
ance of the coke-oven and by-products works 
chemist, for the various works on chemistry 
applied to gas manufacture, although extremely 
useful, do not by a long way meet his require- 
ments. 

The contents of the book comprise the methods 
of sampling and analysing the coal, coke, and gas, 
and later in the book the sampling and analysis 
of the products of distillation of coal tar, for 
example, benzol, the estimation of xylene in sol- 
vent naphtha, The author also gives chapters 


dealing with the working of different plants, 
such as the tar distillation plant, the ammonium 
sulphate plant. 

The book contains two appendices. Appendix 
I. gives a resume of the properties of some of the 
constituents of coal tar, a translation by Percy 
Edwin Spielmann, Ph D., B.Sc., F.LC., 
AR.C. Sc. In this Appendix, reference to Ger- 
man literature and patents have been retained, 
in order to serve as a guide to information which 
may not otherwise be very readily found. 

Appendix II. gives a list of data useful to the 
chemist working in the laboratory. The chemist 
or works manager ivorking in the above industry 
would find this book a great help to him. 

The Clay workers* Ha^idbook. By Alfi^d B. 

Searle. Third Edition. 1921. Pp viii+sSi. 

London : Charles Griffin & Co., Ltd, Exeter 

Street, Strand, W.C.2. 

The whole field of clayworking is explored by 
the author in a very comprehensive manner. He 
first deals with the materials used in clayworking, 
namely, clay and its varieties, glazes, frits, 
colours, water, fuel, oils, and lubricants. 

The second chapter deals with the preparation 
of the clay from the mining and quarying, 
through the intermediate stages of sorting, 
vreathering, cleaning, grinding, mixing, and 
pugging. 

The author in the third chapter devotes his 
attention to describing the machinery required for 
the operations enumerated above, giving methods 
of obviating troubles such as the formation of 
scale in boilers, also formulae for the interpreta- 
tion of results as, for instance, the transmission 
of power by belts, &c. 

The chapters following this deal with different 
processes for the production of the finished 
article. Chapter XL on “Defects” gives a list 
in alphabetical order of the different defects more 
commonly met with in clay working, and methods 
for obviating same. 

Chapter XIII. goes into the subject of testing 
and analysing the clay and clay products very 
thoroughly. The book ends with an Appendix of 
general information which will be found most 
useful to the clayworker. 

The author is to be congratulated in collecting 
such a lot of valuable information and putting 
into such a concise and mtelligible form. 

*4 Dictionary of Ckeniical Terms. By JaHES F. 

Couch. New York : D. van Nostrand Co. 

1920. Price $2*50, 

This book is designed to serve the convenience 
of those who have occasion to read chemical 
literature. New terms are continually being in- 
troduced into chemical science, and it is often 
difficult to arrive at a clear definition of their 
meanings. The treatment of the terms in the 
book is designed to lie between that of a stan- 
dard English dictionary and that of an encyclo- 
paedia. The- author, his preface, while stating 
that every effort has been made to ensure 
accuracy, invites the fullest criticism * , in or&t 
that errors may he eliminated in future 

The work is very^ well printed, and coirtains 
a fund of matter in a very small spate that will 
be found of great value, both in schools and in 
the laboratory. j* ^ 1 ' 

- ^ 
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Princi'ples of Wool Combing, By Howard 
Priestman. Second Edition, revised and en- 
larged. Pp. vhi. 4-236. IQ2I. London : 
George Bell & Sons, Ltd. Price 12s. net. 
The present new edition of this work has been 
thoroughly revised. Descriptions of machines 
that have become obsolete have been removed, 
and new types of machinery introduced in their 
place. The book is necessarily of a very techni- 
cal character, but the wool industry is one of such 
supreme importance an authoritative work 

on the principles that underlie wool combing will 
undoubtedly be found of great valtje. The book 
is illustrated by a great many diagrams connected 
with machinery used in the wool industry, and 
from the descriptions of operations it is evident 
that the author is thoroughly acquainted with the 
technique of the subject. 

Many of the operations pi wool dressing have 
been completely revoiutionised of late years, and 
th^ author contrasts the practice in the good old 
days with that of the present time, which shows, 
even to the uninitiated, that the introduction of 
scientific methods is rapidly replacing the old rule 
of thumb practices of the past. The book is well 
indexed and contains nearly 100 illustrations. 
First Course in General Science. By Frederick 
Delos Barber, A.M., Merton Leonard 
Fuller, N.D.L, M.A., John Lossen Pricer, 
A.M., and HOWARD WILLIAM Adams, B S. 
607 pp. Fully illustrated. New York: 
Henry Holt & Co. London : G. Bell & Sons, 
Ltd. Price gs. net. 

The aim of the authors has been to present a 
first course in general science for the use of the 
high schools. The scope of the book is very 
general, and technicalities are carefully avoided, 
so that the tone of the book approaches very 
closely to that of PeppePs “Pfavbook of Metals,” 
which is familiar to a great many of us, written 
at a time when science -was far less general than 
it is at present. The approach to each new topic 
is made from a historical point of view, with the 
object of developing an interest in the subject. The 
earlier chapters are more dr less elementary, and 
as the ability of the pupil grows, the work becomes 
progressively technical A marked feature of the 
book is the immense number of original illustra- 
tions of a very varied character, but they certainly 
help greatly to make clear descriptions of appara- 
tus and experiments that must of necessity be 
brief. We cannot help thinking, however, tha*- 
the book would have been better for the omission 
of many of the plates. For instance, in a chapte: 
dealing with dust and its dangers, a description 
is given of the vacuum cleaner, and half-a-page 
is taken up with a picture of a very beautiful 
young lady manipulating the vacuum cleaner 
while a gentleman is apparently having his 
breakfast at the same moment. There are a great 
many other illustrations of this type that are more 
suitable to a manufacturer’s catalogue than to u 
book dealing with general science. 

The line blocks of technical apparatus are very 
good, but the half-tone blocks are very inferior on 
account of the rough surface of the paper. Some 
of the portraits of men well known in science are 
very poor indeed. 

There is a good Appendix at the back of the 
Wok devoted to weights and measures and the 
, system, and a glossary of the terms used 
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in the book which would be found of very great 
use. 

Introduction to Textile Chemistry, By H. HARPER 
A.R.C.Sc., B Sc., A.I.e. Pp. X. + 189. 1921. 

London : Macmillan & Co., Ltd. Price 3s. 6d. 

Students thinking of taking up textile chemistry 
will find this small book a useful introduction to 
the subject. Descriptions are given of the various 
natural and artificial tibres used, together with the 
special tests and reactions for each, and defini- 
tions of the technical terms connected with their 
preparation or manufacture. Simple experiments 
arc described which illustrate special points in 
the text. ‘Supplementary chapters on oils and 
soaps, water-tests for textile fibres, and the 
chemicals used in textile manufacture contain a 
great deal of useful information ^ The book is 
completed by a senes of mathematicaf otker . 
tables, and a glossar>^ of chemical terms. 
Text-book of Qualitative Analysis of Inorganic 
Substances. By S. A. Kay, D.Sc. Pp. 
viii.-fSo. 1921. London : Gurney & Jackson. 

Price 7s. 6d. net 

The chief points of difference between this little 
book and others of a similar t>'pe are, firstly, that 
actual analytical procedure is described more 
minutely than is generally considered necessary 
in an introductory text-book, and secondly, that 
all experiments and reactions are carried out with 
veiy small quantities of materials. The author’s 
reasons for these differences are that if the student 
can learn the experimental details from the book, 
the teacher will be able to discuss more freely with 
him the underlying principles upon which the 
procedure is based, and also that the use of small 
quantities of material tends towards greater 
accuracy in analysis as well as economy in re- 
agents and apparatus. We are in full accord 
with the author’s aim and wish the book evqry 
success. 


CHEMICAL NOTICES FROM FOREIGN SOURCES 

Comptes Rend ns Hebdomad air es des Siances de 
V Academia des Sciences. Vol. clxxiii.. No. 12. 

‘‘Action of Emulsine of Almonds on Lactose in 
Ethyl Alcohol Solution at 85®. By M. Marc 
Bridel. 

No 13. 

“The Corpuscular Spectra of the Elements.” 
MM. Maurice and Louis de Broglie. 


NOTES. 

The current number of •the Scientific American 
publishes a paper by Mr. E. F. Cone, entitled, 
“The Divining Rod made Respectable” ; an 
editorial note secures the Scientific American from 
any responsibility concerning the statements 
made, which is perhaps wise; a great deal is said 
about X-rays, radium radiations and the like, and 
then the inventor claims to have made a machine 
that can respond to any specific radiation said to 
proceed from all substances, “cartridges of the 
material sought for are placed in the device; the 
mechanism then synchronises the emanations . . . 
and locates the definite confines of the material 
in the earth,” no matter bow deeply they may be 
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buried, and as for oil fields and pockets of natural 
gas, it IS said that a 100 per cent record was made 
in the location of new oil pockets or fields. It is 
hardly necessary to add that a company has been 
formed to exploit the invention. 

Birkbeck College. — Mr. L. Bolton, winner of 
the ;£i3O0o prize offered by The Scientific 
American for the best essay on “Einstein’s 
Theoo'/’ will give two lectures on “Relativity” , 
at Birkbeck College, Fetter Lane, E.C.4, on j 
Mondays, October 24 and 31, at 5.30. Admission i 
is free, without ticket. 

University of Birmingham Celebrates its 
Majority. — The University of Birmingham is 
just 21 years old. It is an outgrowth of the 
Mason hcience College, founded in Edmund 
Street, Birmingham, by Sir Josiah Mason, the 
penmaker, and opened in 1880 Gradually its 
scope was enlarged, and it became known as the 
Mason University College, indicating a further 
advance in status, which prepared the way, under 
the fostering care of ' Joseph Chamberlain, 
M.P., for its * ^tf^lision in igoo under Royal* 
Charter into a University, with its own Faculties 
and Degrees. The Arts and Medicine sides of 
the University remain in Central Birmingham, 
but the Applied Science and technical work is 
done at noble buildings at Edgbaston (three miles 
away), on a site of 45 acres. There are the great 
metallurgical and mechanical, electrical, and 
civil engineering blocks, as well as the depart- 
ments of Chemistry and Physics,- Mining, and 
Petroleum Technology. The unique event was 
celebrated by a Conversazione, which took place 
on Friday last at the Edgbaston University 
Buildings. The guests, who numbered 900, were 
received by Sir Gilbert Barling, Bart., the Vice- 
Chancellor, with whom was Mr. C. Grant Robert- 
son, the Principal, and the Deans of various 
Faculties. The Lord Mayor (Alderman W. A. 
Cadbury), headed the Civic Representatioij The 
seven counties surrounding the City, which con- 
stitute the sphere of influence of this great 
Midland University, were all represented. In the 
various departments, experiments were performed 
by the Professors and their staffs to illustrate in 
a limited degree the scope of the University’s 
activities, both the teaching and research. The 
close alliance of science and industry was notice- 
able everywhere. 

Notes from Norway.-— Papers read before the 
Physical Society of Kristiana, September 23, 
1921 : “The Structure of North Light and the 
Nature of Cosmic Rays,” by L. Vegard; “Varia- 
tion in the Pressure of Gases caused by Electro- 
static Forces,” by O. E. Trivold. Norwegian 
Chemical Society, Kristiana, October 3, 1921 : 

. “The Occurrence of Scandium and its Com- 
pounds,” by L, Schetelig. 

Trade Depression. — The Executive Committee 
of the Federation of British Industries have pre- 
pared a Memorandum which has been forwarded 
by their President, Sir Peter Rylands, to the 
Prime Minister. The report, which unfortunately 
is too lengthy to reproduce in the CHEMICAL 
News, deals with the problem in a very masterly 
manner. It first briefly ^^t^ines the causes of the 
present depression, discusses the restoration of 
stability, and suggests possible measures for 


alleviating the difficulties of the next few years, 
and other factors, the final conclusion is put so 
clearly, and is of such vital importance that we 
reproduce it in full “We have got to realise 
that if we are to sell goods to. an impoverished 
world we must sell them at a price \yhich that 
world can afford to pay, and that if foreign labour 
costs are below ours in any trade, either through 
their workmen accepting lower rates of remunera- 
tion than ours, or giving higher efficiency for 
similar remuneration, no artificial measures will 
enable us to continue to give employment in that 
trade. The low'ering of the cost of production 
involves of course two factors; the first is the 
improvement of management, organisation, and 
plant, and requires time, and above ail, the ex- 
penditure of capital which war and present taxa- 
tion and the diminution of the world’s capital 
resources will render it extraordinarily difficult 
to supply. The second factor is either an in- 
creased efficiency of labour in proportion to its 
remuneration, or decreased remuneration without 
a decrease in efficiency. The choice before the 
country is to reach this result either by agreement 
which would be infinitely the quickest and most 
satisfactory to everyone concerned, or by sheer 
force of circumstances — continued unemploy- 
ment, continued distress, and in the ultimate re- 
sort starvation for the workman ,and bankruptcy 
for the employer. 

Queensland’s Salt Lake. — The State of 
Queensland, as well as the American State of 
Utah, has its s^t lake, and the following par- 
ticulars of this natural feature of a country rich 
in mineral and agricultural resources, are of more 
than usual interest According to Australian 
advices, some local operators, the Herrod Bros., 
of Bowie Station, brought in an interesting collec- 
tion of specimens obtained on the shores of Lake 
Buchanan. Lake Buchanan is a salt lake situated 
on high country about 150 miles south-west of 
Pent! and. The specimens are the head and bones 
of a bullock, which died on the shores of, the lake. 
These bones carry deposits of salt, and the skull 
is encrusted in salt As the water recedes, salt is 
left on the foreshores of the lake, and at present 
it is estimated that an expanse of twelve miles by 
four miles of this foreshore is exposed. This 
beach carries beautiful white salt of very fine 
grain, from ift. to 3ft deep. 200 large bags of 
salt were Stained recently in this spot in two 
days. On the bones brought into town, lumps of 
pure salt, about zin. or sin. thick were encrusted, 
while the forehead of the skull carried 2in. of 
pure white salt. Given cheap carriage, there 
should be money in the natural salt deposits of 
Lake Buchanan. Wild fowl live in thousands on 
these waters, but the water is too salt for stock 
The lake is about 32 miles long by 8 at the widest 
part. It is a huge oval, and in a dry time it is 
possible to drive across it on the salt-crusted sur- 
face. In fact, the Herrods drove a buggy and 
pair across it quite res^fently, the crust of the salt 
being ^timated at from Sin. to ift. deepl A 
horse is usually ridden on it to test the surfaqi 
After rain, this lake is a mass of 
ducks of all sorts, geese, cranes, and' pbikMis, Ih 
droves. Pelicans nest in the small, in This 

lake, in fact, these islands are hayenfe for in- 
cubaticm everywhere. There are 
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many swamps of fresh water quite handy to Lake 
Buchanan, which arc full of game. The method 
adopted by the Hcrruds when collecting salt is to 
scoop the salt in heaps in shallow water, and then 
shovel it into kerosene tins which have been freely 
perforated. The water drains off, and good clean 
salt remains. This is a cleaner and better way 
than shovelling it from the foreshore where the 
salt contains grass and twigs, and is not so clean. 
Tons and tons of this 'salt are on the foreshores 
of the lake. This lake, is in a mountain depres- 
sion, which forms the catchment for it. It is on 
no watershed. 


' NEW COMPANIES. 

The under-mentioned particulars of New Companies recently 
registered axe taken from the Daily Register compiled by 
JoRoAH & Sons, Limited, Company Registration Agents, Chancery 
Lane, W.C.2. 

Daniel Vahkman, Limited — (177135)— Registered October sth. 
1921 To carry on the business of chemists and druggists. Nomina^ 
Capital ’ £“1,000 m i,ooo Ordinary Shares of £r each. Diieciors' D* 
Vahrman, 76, Brick 1 ane, E i. (Governing Director and Chairman)* 
Mrs. P. Vahrman, 76, Brick Lane, E i. Qualification of Directors 
£25, Remuneration of Directors. £500 Governing Director. 

Anglo-Continental Metals, LiviiTEn.~(i77o66)— Regisiered 
October ist, 1931 5, Bishop-gate, E.C. To carry on the business 

of Exporters and Importers of Ferrous and Non-Ferrous Metals and 
Meta’ Products Nominal Capital £10,000 in 8,ooq Preference 
Shares of £i each, and 40,000 Ordinary Shares of is each 
Directors W. M, Warman, 17, Hogarth Road, Earls Court, W. , J 
W Maidment, 17, Hogarth Road, Karls Court, W, Reramieration 
of Directors To be voted by Company in General Meeting. 


This List is specially complied for the Cheni tiU Ngws by Messrs. 
Rayner d? Co , Registered Patent Agems, of 5, Chancery Lane, 
London, W C.2 , trout whom all mfoniiatiou relauiig to Patents, 
Trade Marks and Designs can be obtainetl gratuitously. 

LcUffSt Patent Ap^ticatwm. 

26047— Adelantodo, L — M nufacture of superphosphates and 
manure. October i. 

35562 — American Cellulose and Cheuuc.il Manufacturing Co Ltd.— 
Treatment ot ceilulose denvatiws. September 27 
255S6— Bl05.am, A G.— Manufacture t>f nrthn-oxy-a/o d\e-stuffs 
September 27. 

25862 — Freeth, F. A, — Production of aiiimtmiuni chiondeand sodium 
carbonate. September 30. 

25937— Paulmg, H —Method of transForming into sulphates metals 
and alloys insombie in sulj^n : acid September 30 
2546^— Roucka, E. — Device for composing of changeable physical or 
chemical qualities or quantineiP September 26 
SpectficatiOHS puolished this Week 

140439— Nitrogen Corporation —Production of ammonia. 

Rfa’Jtse, G. \ —Process and means for the evaporation or m 
insipissation of solutions, and also for ejecting chemical 
reactions. 

169247 — Naef, E. E — Manufacture of nickel and nickel salts. 

1692^4— Audianne, P —Apparatus fir the manufactnre of sulphuric 
anhydride 

169301— Howorth, F VV —Process for the preparation of alumina 
from cUy 

169323 — Kernot, j C and British Glues and Chemicals, Ltd — 
Production of fertilizers 

Abstract PuiUt'^hed this Weak 

Sulphur Burners— Pa.1 nt No. 166961 — \n improved sulphur 
burning furnace has been Patented by Mr T. A Clayton, of 48, Rue 
de I4 Victoire, Pans Tha air for cotnbusnon is bupplied m 
divergent streams and the air supply no//les are arranged to leave 
an unobstructed passage for the introduction of sulphur Fig. 1 

shows the noazies arranged m serus h, g', in a hose-shaped pipe r, 
VihicU conforms to the shape of the lurnace walls a and leaves a 
central passage for the sulpmir introduced from a hopper m the 
fumice crown. Th^ air str-ams are individually regulable by a 
hinged valve dl, operated by a lever, the valve admitting air to 
either side of partition r/, which ‘t-p, rates the nozzles A, g Jn a 
a straight pipe r, i\hicb is disposed m the lower part 



of the furnace and m proximity to a vertical furnace wall, is 
provided with divergent nozzles g, and regulation of the a r 
streams is effected by a ported rotary sleeve Partial and complete 
combustion are ensured b^ the lower and upper air streams 
respectively* and sublimation is consequently pie\ented 

Messrs Rayner & Co., will obtain printed copies of ihe 
published specifications and will fu^\^a^d on post free fortheofhcial 
price of if- each 
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EDITORIAL. — All Literary communications and Books, Chetnica 
Apparatus, ^tc., for revi^jW' or notice to be addressed to the 
Editor, 

SOB GRIPTIONS, I-s per annum, pay.ihle in ndvanc« should 
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Cloth, Gilt-lettered, Covers for binding the Half-yearly 
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Volumes bound m Cloth Cases, Lettered, and Numbeied 
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CHEMICAL REACTIONS ON SURFACES.f 

By IRVING LANGMUIR. 

Aft]^ the discovery of the law of mass action, 
and its kinetic interpretation, it was at first taken 
for granted that the same principle would apply 
unaltered to heterogeneous reactions; that is, it 
was assumed that the reaction velocity of a sub- 
stance in contact with a solid would be propor- 
tional to the concentration of one or more of the 
reacting substances. Subsequent work showed | 
that other factors than the mere mass action 
effect were important in determining the velocity 
of these reactions. 

It was shown by Noyes and Whitney (Z. 
Physik. Chem.j 1897, xxiiL, 689) that the rate of 
solution of solid substances in liquids is often 
limited by the rate of diffusion of the dissolved 
substances away from the surface. At this_ sur- 
face, therefore, the solution remains practically 
saturated at all times. 

Nernst extended this theorj^ to cover hetero- 
geneous reactions in general. He assumed that 
all solid surfaces were covered with adsorbed 
films, and that the reacting substances must 
diffuse through these films before coming in con- 
tact with the underlying metal or other substance, 
constituting the solid. He assumed that in 
general the rate of reaction was limited by this 
diffusion, and that the reaction would be practi- 
cally instantaneous if it were not for the adsorbed 
film. 

Bodensteift and Fink (Z. 'physik, Chem.j 1907, 
lx., 46) adopted the general features of this theory, 
but considered that the film varied in thickness, 
depending upon the partial pressure of the gases 
in contact with the solid. In this way they were 
able to accoimt for cases where the reaction velo- 
city is not proportional to the concentrations of 
the reacting substances. For example, it was 
found experimentally that the velocity of the oxi- 
dation of sulphur dioxide with a platinum cata- 
lyser, as in the ‘‘contact process”, was inversely 
proportional to the square loot of the pressure of 
the sidphur trioxide. They explained this by 
assuming that the platinum was covered by an 
adsorbed film of SO,, whose thickness was pro- 
portional to the square root of the pressure of 
this componenL 

Although this theory suggests a possible 
mechanism for the effect of catalytic poisons, it 
has not proved to be a satisfactory general theory 
of catalytic action. Thus, there is no logical 
reason for assuming, in some reactions, that the 
adsorbed film is proportional to the square root 
of the pressure, while in other reactions, it is 
proportional to the first power of the pressure. 

These theories of diffusion through films re- 
quire the existence of films relatively thick in 
proportion to the dimensions of molecules, for we 
find experimentally that the reaction velocities 
can vary a thousand, if not a millionfold, in re- 
actions when we have to*' account for this change 
by a variation in' the thickness of a film. In such 
cases it would be necessary to have films so thick 

— - ■ -■* « -* « 


that we should be able to see them. Fink, how- 
ever, measured the amount of SO3 adsorbed by 
the platinum per unit area, and found it to be 
of the order of magnitude of a single layer of 
molecules. It is, then, hardly logical to assume 
that the thickness of this film can vary in pro- 
portion with the square root of the pressure for a 
wide range of pressures. 

Evidence for the Existence of very Stable Ad^ 
sorbed Experiments which the writer be- 

gan in 1912 showed that the effect of residual 
gases on the electron emission from heated tung- 
sten filaments in vacuum was generally to de- 
crease the emission, instead of to increase it. 
Oxygen, or traces of water vapour, had a really 
remarkable effect in decreasing the current. 
Thus, at temperatures of about 1900° K., the 
emission was decreased many thousandfold by 
pressures of oxygen as low as one bar (one dyne 
per square centimetre, or approxmately io-° 
atmospheres). It did not seem possible that the 
oxygen could prevent the emission of the elec- 
trons unless it covered in some form the larger 
part of the surface. This film, however, must 
have been an extraordinarily stable one, to re- 
main on a filament in such good vacuum at this 
high temperature. At temperatures even as low 
as 1000° K, no visible film is formed on the sur- 
face of tungsten by introducing oxygen, for the 
WO5 which is produced distils off and leaves the 
surface apparently clean. 

Since that time a long series of investigations 
has been made on the effect of low pressures of 
oxygen in altering the properties of tungsten at 
high temperatures. All of this work confirms the 
view that even at the highest temperatures, in the 
presence of traces of oxygen, the surface of the 
filament is practically completely covered with a 
film of oxygen. 

Thus, when the filament is heated to 3300® K. 
and a pressure of oxygen of a few bars is admitted 
to the bulb, the rate of disappearance of the oxy- 
gen shows that about So per cent of all the oxygen 
molecules which strike the filament react with it 
to form WOs, which distils on to the bulb. Since 
there are three atoms of oxygen in the molecule 
of this comjpound and only two in the oxygen 
molecule, it is clear that at least one-half of the 
tungsten surface, even at this high temperature, 
be covered with oxygen in some form. 

The chemical effects of this adsorbed oxygen 
film are as striking as the effects on the electron 
emission. If a tungsten filament is heated to 
1500® K., or more, in pure, dry hydrogen at low 
pressure, the hydrogen is gradually dissociated 
into atoms and the atomic hydrogen is adsorbed 
by the glass walls of the vessel or reacts with any 
WO, which may previously have been distilled on 
to the bulb. The hydrogen pressure therefore 
gradually decreases. The effect is entirely pre- 
vented by minute traces of oxygen. Thus, if a 
mixture of oxygen and hydrogen be introduced 
into a bulb and the filament heated to isoq"", 
instead of the gases reacting to form : 
vapour, as they would, in contact with a |>latmum 
filament, the oxygen reacts gradually ; vrith the 
tungsten to form WO,. While tH^ m going on, 
the dissociation of the hydrogen "by the filament 
is entirely prevented, so that finally nearly pure 
hydrogen remams and the pressure remains con* 
stant i^er ten or fifteen minutes the pressure 
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of the oxygen decreases to such a point (a minute 
fraction of one bar) that it no longer is able to 
prevent the dissociation of the hydrogen. This, 
then begins suddenly to dissociate, and in a few 
minutes more all of the hydrogen has disappeared. 

The oxygen film on the tungsten surface thus 
consists of oxygen in a form which cannot react 
with hydrogen even at 1500°. It certainly does 
not behave like a layer of either tungsten oxide or 
of highly compressed oxygen gas. Its chemical 
properties have been completely modified by its 
adsorption on the tungsten. 

The function of the oxygen in preventing the 
dissociation of the hydrogen is clearly that of a 
catalytic poison. This effect of the oxygen on 
tungsten is observed with several other reactions. 
For example, methane is decomposed by tungsten, 
giving hydrogen, while the carbon is taken up 
by the tungsten filament, but if the methane is 
mixed with oxygen, it is not decomposed until ?l 11 
the oxygen has reacted with the tungsten to form 
WOs, and it is then decomposed as though no 
oxygen had been present. The same thing 
happens with ammonia, which, alone, is decom- 
posed easily by tungsten filament at 000"* K., 
but in presence of oxygen is not decomposed un- 
less the filament temperature is raised above about 
1300® K, 

If the electron emission is measured while a 
mixture of hydrogen and oxygen is in conta^ with 
the filament, it is found that the electron ehnis- 
sion increases suddenly at the same ihstanC that 
the dissociation of the hydrog^' begins. 

The remarkable stability of these oxygen films, 
as well as the change in the chemical 

properties oi the gives reason for believ- 

ing that the surface Is covered with individual 
oxygen atoms chemically combined with the 
underlying tungsteh atoms. This film cannot be 
regarded as consisting of an oxide of tungsten, 
nor as atomic oxygen, in the sense in which we 
think of free oxygen atoms. The oxygen atmns 
are probably held to the surface by four pairs of 
electrons, just as the oxygen atom is held to the 
cai1>on at^hi ip CO*. The oxygen atoms are thus 
chemically saturated, but the tungsten atoms are 
not :^turai:cd, so that diey are held by strong 
forces to the tungsten atoms that lie below them. 
This kind of structure is quite in accord with the 
conception of the structure of solids to which we 
are led by the work of the Braggs, on crj'stal 
structure. 

Work with other metals has shown that stable 
films of the kind have just been discussing 
are of very common occurrence. Oxygen forms 
a similar film on carbon, and carbon monoxide, 
hydrogen cyanogen, hydrogen sulphide, phos- 
phine, and arsine form stable films on platinum. 
It is probable that all substances that have a 
poisoning effect on catalytic surfaces form films 
of this kind, 

S^dence that these Stable Films are Mono^ 
molecular and that the Molecules tend to be 
Oriented on the Surface, — ^According to our 
present conceptions, atoms consist of electrons 
arranged in space about a positively charged 
nucleus. Whether we assume that the electrons 
are moving or not, it is certain that the electrons 
nearly completely surround the nucleus. In most 
molecules^ atoms share pairs of electrons (duplets) 
with each other. In any electrically neutral mole- 
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cule, the field of force must decrease in intensity 
wdth a very high power of the distance from the 
centre. Born has calculated that the electric 
force around a group of eight electrons, arranged 
at the corners of a cube and surrounding a nucleus 
having an equivalent charge, is inversely propor- 
tional to the tenth power of the distance from^ the 
nucleus. Debye, from an entirely different view- 
point, reaches the conclusion that the forc^ of 
attraction between molecules is inversely propor- 
tional to the eighth power of the distance between 
them From considerations of this kind, it can 
be shown that the eledtric force near tbe surface 
of an atom must decrease from a maximum value 
at the surface to a value one-half as great within 
a distance of about 0*3 x lo-® cm. In fact, ap 
analysis of Debye’s and other data shows that this 
force decreases in about the same way on receding 
from the surface of the atom, for molecules, of 
widely differing type. In other words, this dis- 
tance of 0*3X10-® is a nearly universal constant, 
and in this way we get a much better conception of 
actual conditions close to the surface of an atom 
than by assuming that the force decreases with 
the power of the distance. 

If magnetic forces exist within the atom it can 
be readily calculated that these forqes must de- 
crease even more rapidly as' tfee 
atom increases. ^ i ^ ^ ^ 

it must be said, tjierefofe, fhat our present con- 
ception of the structure of atoms and molecules, 
makes it impossible for us to conceive of any 
appreciable force ^which one atom or molecule 
can exert directly "on others at distances greater 
than two or three Angstrom units (10-® cm.). 
Where effects are transmitted to greater distances 
than these, it must be tbe result of a transmission 
through and by atoms or molecule^ of matter. 
In view* of the structure of atoms from positive 
and negative particles, it is clear that atoms 
should have the properties of a dielectric. Thus, 
if w'e have a chain of atoms linked together by 
duplets — as, for example, in the hydrocarbon 
chain of an organic compound — and we bring a 
positively charged body near one end of the 
chain, the electrons will be attracted and the 
nuclei repelled, so that a certain displacement of 
these particles with respect to one another will 
result. This effect is then transmitted with 
gradually decreasing intensity from atom to atom 
throughout the length of the chain,' resulting in 
an accumulation of positive charge at the opposite 
end of the -chain. The chemical evidence indi- 
cates clearly that effects of this kind are some- 
times transmitted relatively great distances. The 
many facts which have led some chemists to 
assume polar valences, such as directed valences 
in organic compounds, receive a simple explana- 
tion on the basis of these transmitted effects. 

In cases where atoms are not joined firmly to 
one another by the sharing of duplets, we should 
never expect the transmission of electric force to 
extend through more than about one atom. On 
this basis, we are led to deny the existence of 
thick, stable, adsorbed films of gas molecules 
such as those which were assumed in the Nemst 
and in the Bodenstem-Fink theory of hetero- 
geneous reactions. If, for example, a surface is 
covered with a layer of oxygen mole cule S;, then 
there should be little if any more tendency for 
other molecules to form a second layer than there 
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would be for these molecules to remain in the sur- 
face of liquid oxygen at the same temperature. 
Thus, only when we have nearly saturated 
vapours should we ever obtain films of gas mole- | 
cules which exceed monomolecular thickness. 

The general opinion among colloid chemists 
and others who have worked with adsorption 
effects, at least up to a few years ago, seems to 
have been that adsorbed films were usually of a 
thickness of 100 to 1000 A. According to the 
views we have reached here, such thick films can- 
not be regarded as the result of true adsorption, 
but can result only from condensation in capillary 
spaces in presence of nearly saturated vapours or 
are due to sorption or solution. For example, it 
can be shown that glass, just like glue, can sorb 
large quantities of water vapour, but this is a real 
penetration of the water molecules into the solid 
material and is not a strictly surface action. 

There is no good reason for believing that it 
is only at low pressures and high temperatures ; 
that adsorbed films are of monomolecular thick- 1 
ness. The effect of catalytic poisons (as studied 
for example, by Faraday), surface tension effects, 
the lubricating properties of thin oil films, pas- 
sivity phenomena in electrochemical actions, 
electrolytic overvoltage, &c., all point unmistak- 
ably to the existence at atmospheric pressure of 
stable films quite analogous to those observed in 
high vacuum and at high temperatures. 

Lord Rayleigh, in iSqg, on the basis of some 
beautiful experiments on surface tension, showed 
that the film of olive oil on water contaminated 
with this substance has a thickness of 10 A., and 
is therefore probably of monomolecular thick- 
ness. This work was later extended by Devaux, 
Labrouste, and others. These results were of 
particular interest to the writer, because of their 
important bearing on the question of the range of 
atomic and molecular forces and the structure of 
adsorbed films in general. 

Experimental results on the spreading of oils 
on water surfaces have completely confirmed the 
views outlined above. The only oils which spread 
on water are those w'hose molecules have active 
groups, such as the — COOH, — OH, &c , w^hich 
normally increase the solubility of a substance in 
water. The spreading therefore occurs because the 
active group has an affinity for water, while the 
hydrocarbon chain tends to remain in contact with 
other chains of the same kind. The molecules on 
the surface must, therefore be oriented , so that 
the actual surface consists of the hydrocarbon part 
of the molecules, while the active groups are all 
turned downward towards the surface of the 
water. It is evident that if we have a series if 
substances having the same active group, but 
different lengths of hydrocarbon chain, the num- 
ber of molecules per unit area in the oil film 
should remain about constant, while the length 
of the molecule in the vertical direction, ani 
therefore the thickness of the film, should in- 
crease in proportion to the length of the hydro- 
carbon chain. Numerous experiments have com- 
pletely verified these theoretical deductions 
(Langmuir, Met^ Ckem, E 7 tg,^ iqi6, ^xv., 46S; 
Jour. Amer. Chem. Soq,j iqiy, xxxix., 1848. A 
brief summarj^ was published in I'rans, Faraday 
Society ^ xv., i}. In this way it becomes 

possible to measure the lengths and cross-sectmns 
of the molecule of oil films on surfaces* artd to 
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prove conclusively that the films are nit only 
monomolecular, but that orientation of the mole- 
cules is a factor of vital importance in their 
formation. Very accurate measurements of the 
forces involved in the formation of these films 
and valuable additional information in regard to 
their structural changes have recently been ob- 
tained in England by N. K. Adam (Proc. Roy. 
Soc.j 1921, xcix., 336). 

Evidence that surface films are monomolecular 
and that the molecules are oriented is also ob- 
tained from surface tension data on pure liquids. 
AVhile the spreading of oil films on water depends 
upon the most active group in the molecule, the 
surface tension of a liquid — which is a measure 
of the potential energy of its surface — depends 
primarily on the least active group in the mole- 
cule, for the group with the lowest stray field of 
force will tend to form the actual surface layer, 
in order to make the potential energy a minimum. 
An analysis of practically all available published 
data on surface tension leads to a verification of 
this hypothesis. 

The interfacial surface tension between two 
liquids, such as water and mercur>% or water and 
oil, gives, as W. B. Hardy has shown, a measure 
of the energy changes involved in the formation 
of the interface. W. D. Harkins (Jour. Amer. 
Chem. Soc.j 1917, xxxix., 354, 541) has made 
numerous measurements of interfacial surface 
tensions which show that the work done in the 
formation of such interfaces is a measure of the 
activity of the most active part of the molecule, 
for the molecules become oriented at the inter- 
face. 

A fourth method of determining the thickness 
of surface films and proving that they are oriented 
m the surface, depends upon the use of Gibb’s 
thermodynamic equation, giving the total amount 
of material adsorbed in the surface of a solution 
in terms of the change in the surface tension of 
the solution as the concentration of the solute is 
altered. By measuring the surface tension of 
solutions at various concentrations it is thus pos- 
sible to determine the amount of material 
adsorbed per unit area. As the concentration is 
increased, the amount adsorbed increases and 
approaches a definite limit. The results show 
that in all such cases the maximum amount 
adsorbed corresponds to that in a monomolecular 
film. It is thus possible to determine the number 
of molecules adsorbed per unit area and thus find 
the cross-section of the molecules. The length is 
then obtained from the known volume of the film. 
This method is applicable to adsorbed films on 
liquids formed either from substances dissolved 
in the liquids, or from substances present as 
vapour above the liquid. When a solution has a 
low^er surface tension than the pure solvent, the 
surface has a monomolecular film of the dissolved 
substance, but where the solution has a higher 
surface tension than the solvent the surface of 
the solution consists of a monomolecular film 
containing nothing but pure solvent. 

Direct experiments have also been made hy, 
writer to ^ermine the maximum awrot |bf 
gases that can he adsorbed by plane 

f lass, mica, and platinum {Jour. AMer;, ^ &om. 

oe.j 1918, xl., At ordinal temiieiatures 

with pressures of, nitrogen, hydrogen, argon, car- 
bon dioxide, ^ to a few hmdred bars, at 



228 


Chemical Reactions on Sw faces 


rCHSMxcAL News 
L October 28, 1921 


least, there is no measurable adsorption by glass 
or mica — ^that is, less than i per cent of the sur- 
face is covered by a single layer of molecules. 
At the temperature of liquid air, however, and at 
pressures of the order of a hundred bars, the sur- 
faces become saturated by an adsorbed film which 
never exceeds one molecule in thickness. The 
evidence is that these films consist of molecules 
and that primary valences are not involved in 
their formation. The forces involved are un- 
questionably the result of the stray field of force 
around the molecule, and involve no radical 
rearrangement of the electrons. The forces are 
probably very much like those involved in the 
formation of substances containing water of 
crystallisation or ammonia of crystallisation. 

With a clean platinum surface which had been 
made catalytically active by bringing it into con- 
tact with a mixture of oxygen and hydrogen at 
low pressures, at a temperature of about 300° C., 
the adsorption phenomena were totally different 
from those observed with glass and mica, at least 
in the case of the gases hydrogen, oxygen,, and 
carbon monoxide. When small amounts of oxy- 
gen were allowed to come in contact with the 
platinum surface, the oxygen disappeared almost 
instantly, until the total amount adsorbed corre- 
sponded to a monomolecular or notonatomic film, 
and then no further amount of this gas could be 
adsorbed, even with a great increase in pressure. 
No trace of the oxygen could be pumped off by 
heating the platimm in the be^ vacuum to 360®. 

If the platinum in this condition was allowed to 
come in contact with hydrogen or carbon mon- 
oxide at low pressure, the oxygen film was re- 
moved and water vapour or carbon dioxide was 
produced, even at room temperature, and then 
an additional amount of hydrogen or carbon mon- 
oxide was adsorbed su^cient to produce a mono- 
molecuiar film of these substances. The ^arbon 
monoxide film could be very gradually pumped 
off at a temperature above 300®. No measurable 
amounts of nitrogen or carbon dioxide were ad- 
sorbed by the platinum at any time. 

These remarkably stable films os the platinum 
surface are of the same .type as the oxygen films 
adsorbed on tiingsfen surfaces. Primary valences 
are unquestionably involved in their formation. 
In the case of the carbon monoxide, the carbon 
atom must be directly attached to the platinum, 
while the oxygen is thus above the carbon. The 
carbon monoxide molecules — if we can so speak 
of them — are thus oriented on the surface, very 
much as the molecules in an oil film. The ex- 
periments with platinum give a direct proof that 
these stable films are of monomolecular thickness. 

The evidence for the existence of monomolecular 
films is thus by no means confined to experiments 
at low pressures for equally striking evidence 
furnished by the surface tension phenomena. 
The orientation of molecules in surface layers 
follows as a necessary result from the conclusion 
that the range of atomic and molecular forces is 
of the order of i A. The orientation in surface 
films is a phenomenon with which we must con- 
stantly reckon, just as we must consider structural 
relationships in the molecules of organic com- 
pounds, Of course, there are cases where the ad- 
sorbed film consists of single atoms, or of various 
symmetrical molecules, such as CH* or CCl^, 


where we do not need to consider orientation. 
But wherever different parts of the surface of a 
molecule may be assumed to have different pro- 
perties, we must take into account the probability 
of orientation in all adsorption phenomena and 
therefore in all catalytic actions on surfaces. 

Mechanisyn of Aisorftion . — We have discussed 
the structure of adsorbed films and the forces in- 
volved. Let us now consider the mechanism by 
which these films form on a surface or disappear 
from the surface. 

When the adsorbed film of carbon monoxide on 
platinum gradually disappears, on heating the 
metal to 300® in the highest vacuum, it is logical 
to look upon this as an evaporation process. 
When a filament of platinum, or tungsten, or 
other metal is heated to a sufficiently high tem- 
perature in vacuum the material evaporates. If 
the metal is placed in a uniformly heated en- 
closure, the evaporation from the surface — ^which 
we may consider continues unchanged — will be 
gradually offset by the return of atoms of metal 
from the vapour which accumulates in the space 
Finally, an equilibrium is reached in which the 
rate of condensation of the vapour is equal to the 
rate of evaporation. 

If we can assume that all the atoms of the 
vapour which strike the surface of the metal con- 
dense on the first collision, we may calculate the 
rate of condensation from the vapour pressure by 
means of the kinetic theory of gases. The formula 
usually given for the rate of effusion of gases 
through small openings can readily be put in the 
form 


where M is the molecular weight of the vapour, R 
is the gas constant, ^ is the ^ pressure of the 
vapour, and m is the rate at which the gas mole- 
cules strike against the surface, in grrns. of 
vapour per square centimetre per second. Ex- 
pressing f in bars, and placing R== 83 *i 5 X 10* ergs 
per degree, this reduces to 

« = 43 74 X 

This equation gives the rate at which the mole- 
cules of a vapour strike against the surface. If 
every molecule condenses, and if we have equi- 
librium, then the rate of evaporation must also be 
given by this equation, so that we obtain a direct 
relation between the vapour pressure of a sub- 
stance and its rate of evaporation in perfect 
vacuum. 

Experiments with many different metals have 
shown close agreement between the vapour pres- 
sures determined in this way from the rate of 
evaporation and the vapour pressures measured 
by processes which involve the formation of 
saturated vapours.^ Knudsen has made careful 
experiments of this kind with mercury vapour, 
while A. _S. Egerton {Phil. Mag,j 1917, xxxiii,, 33) 
has carried out work with cadmium and zinc. 
Their results indicate that every atom of vapour 
condenses 

Knudsen and R. W. Wood independently 
arrived at the conclusion that mercury or cad- 
mium atoms condensed on a glass surface only if 
this surface is cooled below a certain critical tem- 
perature. Below this temperature, practically 
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every atom is supposed to condense, while at tem- 
peratures materially above this critical point not 
one atom, out of thousands which strike the sur- 
face, condenses. This conclusion is not onlj' in- 
herently improbable in many ways, but_ it not 
capable of accounting for numerous experimental 
facts. Wood’s and Knudsen’s experiments are 
better explained by assuming that all the atoms of 
cadmium and mercury which strike a glass sur- 
face even at high temperature, condense on the 
surface, but that at temperatures above the “criti- 
cal temperature," the atoms re-evaporate before 
they have a chance to be struck by other atoms of 
the vapour. The writer has discussed this ques- 
tion in detail in a paper in the Physical Review^ 
iqib, viii., 149, and subsequently earned on ex- 
periments with cadmium vapour {Proc. Nat. 
Acad. Sci.j 1917, hi,, 14 1) which demonstrate con- 
clusively that cadmium atoms evaporate rapidly 
from a clean glass surface at room temperature 
There is no real reason for believing that cad- 
mium may not also evaporate from glass at tem- 
peratures only slightly above the critical tempera- 
ture of — Qo° C. cited by Wood. Since molten 
cadmium does not wet glass it is clear that the 
forces between a cadmium atom and a glass sur- 
face are much less than between cadmium atoms, 
and the rate of evaporation should therefore be 
much higher. 

In most cases of adsorption we are dealing with 
a solid surface having a strong field of force, or 
a high potential energy per unit area, while on 
this solid is condensed a substance whose mole- 
cules possess a *rather weak stray field of force. 
These are the conditions w’hen ordinary gases con- 
dense on cooled surfaces of glass or metals. The 
forces which might tend to hold a second layer 
of molecules are so weak that evaporation from 
the second layer occurs at a rate high compared 
with that from the first. Only with nearly satur- 
ated vapours, then, can a second layer form. 

With cadmium and mercur\’ vapours condensing 
on glass, however, we have a case in which the 
evaporation from the second layer takes place 
much more slowly than from the second layer. 
We see, therefore, that a kind of instability neces- 
sarily results. There is considerable difficulty in 
getting the first layer to form, because the atoms 
tend to evaporate before the others are able to 
condense on top of them or beside them. If the 
first layer ever does form, then the evaporation 
practically ceases and successive layers are then 
formed^ with ease. This view seems to give a 
clear picture of the mechanism of the formation 
of nuclei on which condensation occurs. The 
formation of frost crystals on a greasy window- 
pane, or Moser’s breath figures on glass, are illus- 
trations of effects of this kind 

We might suppose that when molecules of a 
gas strike a surface, only a certain fraction a con- 
dense on the surface, while the others are re- 
flected. Experimentally, however, it seems hard 
to find examples where a is appreciably different 
from unity. Soddy, Knudsen, and others have 
found, however, that in heat conduction from a 
solid surface to a gas at low pressure, the gas 
molecules which strike the surface do not always 
reach thermal equilibrium with the surface before 
leaving it.^ Knudsen has giveq the name “accom- 
modation ^ coefficient” to the fraction which ex- 
presses the actual heat conduction to that calcu- 


lated on the assumption of heat equilibrium. It 
is to be noted, however, that these coefficients are 
usually of the order of magnitude of o-S, and they 
are determined under conditions in which the rate 
of evaporation of the gas from the surface is un- 
usually high. We should probably, therefore, 
look upon these as rather exceptional cases, and, 
unless we have definite evidence to the contrary, 
should assume that the coefficient a is unit\". 

When gas molecules of any kind strike a sur- 
face, we should therefore not expect them to re- 
bound elastically, but rather expect them to con- 
dense. Adsorption is thus the result of the time 
lag between condensation and evaporation. In 
some cases the rate of evaporation is so lovr that 
evaporation practically never occurs. This is 
what happens, for example, when a catalyst is 
poisoned by sulphur or arsenic compounds. In 
other cases, the rate of Evaporation may be so high 
that the time that elapses between condensation 
and evaporation may be of the order of 10-^* 
seconds or even less. 

The M echanism of Chemical Reactions on Sur- 
faces . — The clean surface of a solid cr^^stalline 
body must consist of atoms or molecules arranged 
in a surface lattice, or kind of checkerboard. 
Non-crystalline bodies, such as glass, must have 
surfaces in which the atoms are probably not in 
regular lattices. We may also have surfaces 
which are porous, or consist of irregular fila- 
mentary projections and interlocking chains of 
atoms or molecules. In such cases the extent of 
the surface cannot be defined, except in a purely 
arbitrary manner. Most finely divided catalysts, 
such as platinum black, or activated charcoal, 
&c., must have structures of great complexity, and 
it is probable that the atoms are attached to each 
other in the form of branching chains so that there 
are hardly any groups of as little as three or four 
atoms which are as closely packed as they would 
be in the crystalline solid. In order to simplify 
our theoretical consideration of reactions on sur- 
faces, let us confine our attention mainly to re- 
actions on plane surfaces. If the principles in 
this case are well xmderstood, it should then be 
possible to extend the theory to the case of porous 
bodies. 

In general, we should look upon the surface of 
a catalyst as consisting of a checkerboard in which 
some of fhe spaces ar^ vacant, while others are 
filled witlx atoms or molecules. Some of these 
molecules, or atoms, may be so firmly attached 
that they do not evaporate at an appreciable rate. 
Others leave the surface from time to time, and 
the vacant spaces thus left are sooner or later 
filled by other molecules which strike the surface 
and condense. 

If we have a surface such as that of platinum, 
and we allow to come in contact with it a gas, 
which forms an adsorbed film that evaporates 
slowly, or not at all, the surface is no longer a 
platinum surface as far ^ as possible interaction 
with other gas molecules is concerned. The cata- 
lytic activity of the platinum has thus been lost, 
or ^ the catalyst has been poisoned. Arsenic^ 
sulphur, or phosphorus compounds have tMf 
effect, for jthe atoms pf these elements 
combine directly with ^ the atoms of the 
and do not evaporate at an ap|)recla&te' rate: 
Cyanogen and carbon" bnonoxide hav% Similar, 
but more transient effect on platinum, only as 
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long as these gases remain present m the gas 
phase does the poisoning influence persist. 

Faraday studied the eflect of various substances 
in poisoning the catalytic activity" of platinum on 
the reaction between oxygen and hydrogen By 
boiling platinum foil in concentrated sulphuric 
acid, and then washing with distilled water, it is 
brought into a condition where it brings about the 
combination of oxygen and hydrogen at rooin tem- 
perature. The presence of carbon dioxide did not 
retard this action, but a trace of carbon monoxide 
stopped the action entirely, although on placing 
the platinum in a mixture of fresh gas, free from 
monoxide, the reaction proceeded in a normal 
manner. Hydrogen sulphide, or arsine, not only | 
prevented the action while they were present, but 
produced a permanent alteration in the platinum, 
so that it was necessan-^ to boil it again in acid 
before it could be made active. The poisoning 
effect of oxygen on the catalytic activity of tung- 
sten at high temperature is of the transient kind 
produced by carbon monoxide^ on platinum. 

In the presence of a gas which has a poisoning 
effect on a catalyst, the reaction velocity depends 
on that fraction of the surface which is not 
covered by molecules of this gas. If the tempera- 
ture is high enough and the catalyst poison is of 
the kind that has a transient effect, the adsorbed 
molecules evaporate at a certain rate. If much 
of the gas is present, the vacant spaces thus pro- 
duced tend to be refilled by these molecules. The 
fraction of the surface which is in an active con- 
dition is thus directly proportional to the rate of 
evaporation of the film, and inversely propor- 
tional tp the partial pressure of the gas producing 
the poisoning effect. We are thus led to an 
understanding of the mechanism of the type of 
^ reaction which was explained by Bodenstein and 
* Fink by assuming adsorbed films having a thick- 
ness varying in proportion to the pressure of the 
gas. 

When gas molecules condense on a solid surface 
in such a way that they are held on the surface by 
primaiy^ valence forc-^, involving a rearrange- 
ment of their electrons, their chemical properties 
become completely modified. It is not surprising, 
therefore, that in some cases such adsorbed films 
should he extremely reactive, while in other cases 
they may be very inert to outside influences. Thus 
ox\:gen adsorbed on platinum reacts readily with 
hydrogen or carbon monoxide, while oxygen on 
tungsten, or carbon monoxide on platinum, show 
very* little tendency to react with gases brought 
into contact with their surfaces. The specific 
nature of the behaviour of these various films is 
quite consistent with the theor>" that the adsorp- 
tion depends on typical chemical action. In 
many eases, especially where we deal with adsorp- 
tion of large molecules, the orientation of the 
molecules on the surface is a factor of vital im- 
portance in determining the activity' of the surface 
towards reacting gases. 

The reaction which takes place at the surface 
of a catalyst may occur by interaction between 
molecules or atoms adsorbed in adjacent spaces 
on the surface, or it may occur between an ad- 
orbed film and the atoms of the underlying solid, 
or again, it may take place directly as a result of 
a collision between a gas molecule and an adsorb- 
ed molecule or atom on the surface. This third 
kind of action is perhaps indistinguishable from 


one in which the incident gas molecules condense 
on top of those already on the surface, and then 
react with them before they have a chance to 
evaporate. 

When a surface is covered by different kinds of 
adsorbed molecules distributed at random over the 
surface, we may expect in general that adsorbed 
molecules in adjacent spaces should be able to 
react with one another at a rate which is propor- 
tional to the chance that the given molecules shall 
lie in adjacent spaces. This kind of mechanism 
has been discussed at length by the writer in con- 
nection with a study of the dissociation of hydro- 
gen in contact with a tungsten filament (jour. 
Amer. Chem. Soc.^ 1916, xxxviii., 1145). When 
the hydrogen molecule strikes a tungsten surface 
at high temperature, at least 68 per cent of the 
molecules condense on the surface and are held 
there as individual atoms. After the action has 
proceeded for a time, the distribution of atomic 
hydrogen over the surface is given by the proba- 
bility laws. 

(To be continued). 


THE NEW INTERNATIONAL 
COMMISSION ON CHEMICAL ELEMENTS. 

Remarks by Prof BOHUSI-AV BRAUNER, Ph.D., 
Hon.D.Sc.(Manc.) 

The report of the meeting of the International 
Conference of Pure and Applied Chemistry, held 
at Brussels at the end of June, published in 
Nature of August 18 (p. 787), contains the follow- 
ing statement : 'Tt was felt that the exact deter- 
mination of atomic weights and their publication 
to several places of decimals has now lost a good 
deal of its scientific signification in view of the 
work of Dr. Aston and .others, and that exact 
atomic weights are now becoming factors of 
analytical calculation ranker than features of a 
chemical analysis .... The atomic weights — 
often representing merely the average mixture of 
isotopes — will be of practical rather than 
theoretical interest, &c.” 

The official report, which 1 obtained as a mem- 
ber of the new ‘‘International Commission on 
Chemical Elements” (consisting of two Honorary 
Presidents and seven Members) sounds a little 
differently. According to it. Sir William Pope 
remarked that “work of all kinds is modifying 
the fundamental notion .of the chemical element, 
and so the conjstitution (establishment) of the 
Table of Atomic A¥eights does not present the 
same interest as it presented at the epoch when 
atomic weights were regarded as absolute con- 
stants.” Therefore, a new Commission, with a 
larger programme (Table of Radioactive ele- 
ments, isotopes, and atomic masses) was proposed 
and really constituted. 

Every chemist will undoubtedly agree with Sir 
W. Pope, and will welcome his proposition and 
the formation of the new Commission. On the 
other hand, it does not seem possible for me to 
accept the principle, as ^ reported in Nature^ 
especially that “exact atomic weights are now be- 
coming factors of an analytical calculation rather 
than features of a chemical hypothesis.” 

I beg to remark that we know to-day two kinds 
of isotopes, which we may call A and ?. The 
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isotopes A are either radioactive elements (heads) 
or products of the same or different series of 
radioactive disintegration, Soddy’s isotopes. The 
isotopes B, J. J. Thomson’s and Aston’s isotopes, 
represent mixtures of extremely similar elements, 
which were formerly regarded as one individual 
element. 

The isotopes A descend from U or Th down to 
the isotopes of Tl, and the different series end in 
""’leads” of the atomic weights 206 and 208, but 
all isotopes representing one place do not neces- 
sarily occur together at the same time, e.g.j the 
7 or 8 isotopes of lead (Moseley’s atomic number 
82). 

The isotopes B, as far as we know, alixiays occur 
in nature together, and always in the same pro- 
portions, their mixture yielding always the same 
average combining weight. Dr. Aston has shown 
that they can be separated from their mixtures by 
buitabie electro-magnetic analysis and that their 
atomic masses are represented by integers (0=i6, 
which standard was recommended for the first 
time with success by the writer in CHEMICAL 
News, 1888, Ivhi., 307). They go to-day from 
H up to Cs. 

Dr. Aston has shown that, besides the mixtures 
of isotopes also fare elements exist. Their atomic 
masses are also integers, their atomic weights as 
determined by the most able human hands by 
means of the balance show in the majority small, 
but real deviations from integers. 

We know up to the present the following 
’•pure” elements: H= i-ooS, 'He=4’00, C=i2*oo5, 
N = 14*008, 0 = i6‘ooo..., F = 19*00, Na = 23*00, 

F *31*04, S~3?*o6j As*74*q 6, 1*126*92, Cs* 

132*81 { ?). These are their atomic weights^ 
which we must not confound with their atomic 
masses: 4, 12, 14, 16, 19, 23, 31, 32, 75, 127, 
and 133. 

As regards the question, what theoretical in- 
terest present our atomic weights, it must be ad- 
mitted that the original form of the Periodic Law, 
as given by Mendeldef in 1871 : “The properties 
of elements, etc,, are periodic functions of their 
atomic weights” had to be changed as soon as it 
was definitely proposed by the writer that the 
•’combining weight” of tellurium is higher than 
that of iodine, and, in fact, it was also pointed 
out that our tellurium cannot be a simple sub- 
stance of a homogeneous body, for, if such an 
element possessed the high atomic weight 
(Te* 127*6, 1 = 126*9) /"the Periodic Law would 
lose a great deal, if not all, of its authority’^ 
(Chem. Soc. Trans, ^ 1889, Iv., 706, 709). On the 
coi]gfT^ry, it was assumed that “tellurium with the 
combining weight of 127*6 is a true ‘gadolinium’ 
of the hydrogen sulphide group,”, i.e,^ an in- 
‘ separable mixture of very similar elements. I 
regret that Dr. Aston has not yet succeeded in* 
proving it. 

We also know to-day, that owing to the anoma- 
lies Te>I, Co>Ni, and A>K, as well as owing 
to the discovery of the isotopes and, as pointed 
out by the author alxj-ut the series of 13 rare-earth 
elements, from Pr= 140*9 up to Lu= 175*0, the 
properties, ,etc., of which are not periodic 
tions of their atomic weight (see Abe gg ’s 
,“%ndbuch III., i., pp. 171, 261, 275, 283, 304) 
the properties "of elenjertt^ * ^^d their compounds 
(excfpl those of the rare-earths) are functions of 
Moseley’s or atomic numbers* But I would beg 


to add that the original formulation of Men- 
deleef’s Periodic Law is not entirely invalid, and 
that the properties of the fure elements, i,c.^ of 
those which do not possess any isotopes, are still 
periodic functions of their atomic weights. It is 
true that since the discovery of isotopes, the con- 
stitution of the Table of Atomic Weights does not 
present the same interest as it presented at the 
epoch when atomic weights were regarded as ab- 
solute constants, but some of the numbers have 
gained a fresh theoretical interest, as I would like 
to prove. 

Our elementaiy* atoms are peculiar condensa- 
tions of hydrogen nuclei (protons or positive 
electrons) or helium nuclei, which are in^ their 
turn again condensation of hydrogen nuclei, and 
probably also of H5 nuclei and of electrons. 

.■\s regards the mechanical masses of the inner 
and the outer negative electrons in the atoms, it 
is a question whether they possess any mass at all, 
considering that their position in the atoms is 
rather stationary and under quite different 
conditions from those under which their electro- 
magnetic 7 nass was determined (i^e,^ from their 
rapid motion in cathode rays)* At least the fact, 
that Aston's atomic masses are integers, would 
rather show that the masses of electrons are 
negligible 

Now the question arises : why do we find with 
our chemical processes and the balance that the 
atomic weights of the pure elements C, N, P, S, 
are larger than their ato^nic masses j why those of 
As, I, and Cs are smaller and why those of He, 
O, F, Na, are exactly equal to their atomic 
masses y or^ in other words, ’ why is the hypothesis 
of Prout in its modern form valid for atomic 
masses but only in four out of twelve cases for 
the corresponding atomic weights? Another in- 
teresting question arises : why are Aston’s topes 
B, as far as we know, always mixed up in the 
same proportion? 

I do not think that, say only an American 
chemist might find the combining weight (average 
atomic weight) of chlorine 35*46 and of silver 
107*88, and that an Australian . may find from 
another material occurring in nature Cl =35*1, and 
Ag = 107*5, as some chemists seem to be afraid of. 

I might only remind them of the experiments of 
Harkins, who, after many troublesome processes 
effected only a slight separation of the isotopes of 
chlorine. And if such a difference should, be 
found one day, it will require the work and 
authority of an experienced chemist, who has 
formerly made reliable, exact atomic weight deter., 
minations to prove that such a great and sensa- 
tional discovery was really made. 

Readers of the Chemical News have undoubtedly 
perused the most interesting Presidential Address 
given by Sir T. E. Thorpe to the recent meeting 
of the British Association at Edinburgh, in which 
the modern vifws op atoms, &c., were discussed 
(Chemical News, Sept. 9 and 16, 1921). I am 
ver\^ glad &id the following pas- 

sage ; “The term ‘atomic weight’ has thus 
acquired fof the chtoist an altogether " 

much wider sighificmce. It has long beep recog- 
nised that it ms ^ far deeper hnpoife as a 
constant useful in chemical and 

further that he reco^oimends to with 

the highest attainable accuracy departures 

from the whole pipi^r rule*” 
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I quote those few words of an authority possess- 
ing gieat experience in qu.ebtijns regaraaig atomic 
w^eights, with great pleasure and satisfaction, for 
they show that my opposition to the views quoted 
at the beginning of this article is not unfounded. 

I beg to conclude with an historical reminiscence. 
J. S. Stas, who was originally an adherent of the 
hypothesis of Dr. Prout (1815), concluded from 
his own work, published in 1860-1865, that it is 
untenable because the atomic weight of the 1 1 ele- 
ments cannot be expressed by a whole number, 
and the atomic weight of chlorine, 01=35*457 
(0=i6) is far from being a multiple of i or 0*5 
or 0*25 as might be expected from the point of 
view* of Dumas^ modification of Front’s hypo- 
thesis. Stas declares the latter as “a pure 
illusion. 

A great contemporary of Stas, Charles de 
Marignac, another great authority in atomic 
weight determinations, has shown (“CEuvres 
Completes,” L, 1S60, 693*, II. , 1865, 281}, that 
it cannot be due to a mere chance that eight out 
of nine atomic weights determined by Stas diifer 
from whole numbers only by ±o*o68, instead of 
a^ut ±0*5, as expected by the calculus of proba- 
bility. Marignac points out that the fundamental 
principle which fed Prout to establish his 
law, the idea of the unity of matter^ is something 
higher than the search for the common division of 
the atomic weights, and he adds the following 
prophetic words (L, 701) : “Could we not suppose 
that the cause, unknown but probably different 
from the chemical and physical agencies, which 
has determined certain groupings of the atoms of 
the unique primordial matter in such a manner 
as to give birth to our simple chemical atoms, 
and to impress to oach of these groups a special 
character and particular properties, could at the 
same time exercise an influence upon the manner 
according to which these groups of atoms obey the 
law of universal attraaion, of sudi a kind that 
ike weight of each of them is not exactly the sum 
of the primordial atoms which constitute it ? 

A still more decided belief in the compound 
nature of our elements was expressed by Marignac 
in a public lecture given by him in Geneva in 
January, 1866, “Sur I’hyppthese de Punit^ de la 
matibre,” and published only recently by Ph. A. 
Guge in his Joztrn, Ckhn, J. 18, No. 3, 

October, 1920. 

Mendeldef, who never admitted that his Periodic 
System points to the unity of matter, expressed 
in spite of this in his classical paper on the 
Periodic Law {Ann. SufL, Bd. 8, 1871) a similar 
idea- Even if we admit that the matter of the 
“elempts is perfectly uniform (homogeneous), 
tb^re is no reason to assume that n-faris by weight 
of one element or of 7 /-atoms, in the case of a 
transmutation into the atom of another element 
wiU be n-times heavier than that of the first one. 
The law of the conservation of weight can be 
regarded as a special case of the conservation 
of energy* or of motions. The weight is probably 
caused by a peculiar motion of matter and there 
15 no reason to refuse the possibility of the con- 
version of these movements in the case of a form- 
ation of elementaiy* atoms into chemical energy 
or into another form of motion.’’ 

Both these great chemists have predicted what 
we accept to-day that 4XrooS+(2^ inner)-f2^ 
outer) ==4*00= He. I may be allowed to remark 


that whenever I tried to ask Mendelbef what wa'i 
his (then) opinion on this subject he invari- ^ 
ably evaded this topic, for until his death he held 
the view that elements are true “individuals” 
from (— ) eterniti* to { 4 -) eternity! 

Conclusion. 

I recommend the new International Commis- 
sion to adopt the following nomenclature : — 

(1) Atozmc Masses only for the whole numbers 
of the isotopes B, as determined 'physically by 
Dr. Aston’s method. 

(2) Atomic Weights. This term justified by its 
historical and wide-spread use should be applied 
for the numbers as obtained by chemical methods 
and by the use of the balance j no distinction being 
made between pure elements, mixtures of isotopes 
or single isotopes. 

Accordingly I beg to propose to call the Sub- 
Committee of the “International Commission on 
Chemical ^ Elements” a “Sub-Committee for 
A iomic Weights. ” 

Chemical Laboratory, 

Bohemian University, Prague. 

October i, 1921. 


VOLUMETRIC ESTIMATION 
OF MIXTURES OF PERMANGANATE, 
DICHROMATE, AND CHROMIC SALTS, 

ByNITYA GOPAL CHATTERJI, M.Sc. 

(i) Estimation of a Mixture of Permanganate 
and Dickromate. 

The method is an extension of the well-known 
method of Volhard for the volumetric estimation 
of manganese. It depends upon the fact that a 
solution of permanganate ‘can be easily^ and com- 
pletely removed as insoluble hydrated mangan- 
ese dioxide by the addition of a mixture of solu- 
tions of manganese sulphate and zinc sulphate 
Instead of zinc sulphate, a soluble salt of mag- 
nesium, calcium, or strontium can be used. We 
have reasons to believe that the action of these 
salts is primarily to coagulate the colloidal man- 
ganese dioxide formed by the interaction of per- 
manganate and manganese sulphate, though Vol- 
hard and others believe that the zinc sulphate or 
oxide forms an insoluble manganite. 

Procedure. — The mixture of peimanaganate and 
dichromate is first titrated against a standard 
solution of ferrous sulphate, the end point being 
easily marked by the appearance of a permanent 
dirty pink colour. From this the total iron 
equivalent of- the mature is obtained. Now 20 
or 25 cc. of the originar mixture is taken, and to 
It is added slowly a hot solution of manganese 
and zinc sulphates with constant shaking until the 
pinkish tinge of the permanganate is no longer 
visible. To ensure complete decomposition of the 
permanganate, a slight excess of the sulphate 
solution is added. Filter off the precipitate of 
hydrated manganese dioxide, wash thoroughly 
with hot water containing a little dilute sulphuric 
acid, and make up the filtrate and washings to 
a known volume. Find out the strength of the 
dichromate solution cdntained in the filtrate by 
direct titration with standard ferrous sulphate 
solution. 
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{2) Estimation of Mixtures of {a) Dichromate 

aytd Chromic Saltj and {b) Permanganate and 
Chromic Salt. 

The estimation of these mixtures depends upon 
the fact that a solution of a chromic salt is com- 
pletely oxidised to dichromate by heating an 
acidulated solution of it with hydrated mangan- 
ese dioxide prepared in a special manner. 

Prefaration of the Hydrated Manganese 
Dioxide. — A solution of pure manganese sulphate 
is placed in a large porcelain dish and a few 
gnns. of potassium or sodium nitrate are added 
to it and the mixture heated. Drop by drop a 
solution of potassium permanganate is added, and 
the mixture is vigorously stirred. The addition 
of the permanganate is continued till there is a 
very slight excess of it The precipitate is filtered 
and washed free from electrolytes with hot water. 
The substance is then dried at 40-45° C., and 
kept in a stoppered bottle. It is of a dark-brown 
colour. 

Procedure. — (a) Permayiganate ajid Chromic 
Salt. — Take 20 or 25 cc. of the mixed solution, 
add to it about a grm. of the manganese dioxide 
and a few drops of dilute sulphuric acid, and boil 
for two or three minutes. Filter, wash, and make 
up the filtrate to a known volume together with 
the washings. Find out the strength of the 
filtrate by titrating a standard solution of ferrous 
sulphate. This gives the iron equivalent of the 
mixed solution. Take another quantity of 20 or 
25 cc, of the mixed solution, heat and add slowly 
a mixture of manganese and zinc sulphates with 
constant shaking till the colour of the permangan- 
ate is no longer visible. Add a slight excess of 
the sulphate solutions, about half a grm. of hy- 
drated manganese dioxide, and boil for a few 
minutes. Filter and wash, and make up the 
filtrate and washings to a known volume. 
(Usually the manganese dioxide precipitated by 
the decomposition of the permanganate is found 
to be sufficient for the oxidation of the chromic 
salt, but it is better to add an excess of the 
oxidising agent.) Find the strength of the filtrate 
by titrating against a standard ferrous .sulphate 
solution. This gives the iron equivalent of the 
chromic salt solution, and the difference between 
the first and second titrations gives the strength 
of the permanganate solution. 

(^) Dichromate and Chromic Salt. — The amount 
of the dichromate is first determined by titration 
against a standard ferrous sulphate solution. A 
known quantity of the mixed solution is then 
oxidised by hydrated manganese dioxide, filtered 
and washed, and the strength of the filtrate deter- 
mined in the usual manner. This gives the total 
amount of the dichromate and chromic salt, and 
hence the difference between the second and the 
first titrations gives the amount of the chromic 
salt. 

The method seems capable of being appli^ for 
the determination of chromium and manganese in 
steel, to investigate which experiments are being 
carried on. 

Beseaareb Departzobent, 

Govemmecit Technological Institute, 

Cawnpore (India). ; 

Septembers^ 1921* 


THE SOLUBILITY OF PHTHALIC ACID 
IN WATER AND SODIUM SULPHATE 
SOLUTIONS. 

By L. McMASTER, E. BENDER and E WEIL. 

The purpose in undertaking this work^ was to 
determine the solubility of phthalic acid in water 
and in sodium sulphate solutions of different con- 
centrations at different temperatures, because the 
literature records but few facts concerning the 
solubility of phthalic acid. Vaubel {/. ^rakt. 
Chem.j 1895, (2), lii.j 72; 1899, lix,, 30) gives the 
solubility of phthalic acid in water at 14° as 0*54 
grm. per 100 grm. of solution. Graebe (Ann.^ 
1887, ccxxxviii., 321) gives its solubility at 99° as 
18 grm. per 100 grm, of solution. In the prepara- 
tion of phthalic acid it is often set free by treating 
its sodium salt with sulphuric acid and it was 
for this reason that its solubility was determined 
in sodium sulphate solutions. These solutions 
were made up to be 10 and 15 per cent by weight. 

The purity of the phthalic acid used was from 
99*95 per cent, with 0*02 per cent ash, to 100 per 
cent. No attempt was made to purify the acid 
further. It was supplied by the Monsanto 
Chemical Works Pure anhydrous sodium sul- 
phate was used. All solutions were prepared 
with water from which the carbon dioxide had 
been removed. 

Experimental. 

The method followed was somewhat similar to 
that of Walton and Judd {Jour. Amer. Chem. 
Soc.y iQii, xxxiii., 1036). The acid was put into 
175x55 mm. heavy- wall glass tubes with the 
water or sodium sulphate solutions, and agitated 
until equilibrium was attained. The tubes were 
immersed in a constant temperature water-bath, 
which was controlled by a mercury-column regu- 
^S</cr/o/\f 
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lator. At 25® a standardized thermometer reading 
from the —10® to +32° and graduated in 0-02® 
was used. For the higher temperatures a ther- 
mometer reading from ~io® to +100° and gradu- 
ated in 0*1® was used. The bath was kept con- 
stant to ±0*02®. 

When equilibrium was reached the undissolved 
acid was allowed to settle and the saturated solu- 
tion was drawn through an asbestos filter into a 
weighing tube (Fig. i). Above 55° the solution 
was blown over into the weighing tube to prevent 
vaporisation under the reduced pressure. The 
delivery tube was steam- jacketed to prevent cr^^s- 
tallisation of the acid in the tube (Fig. 2). 



The weighing tubes containing the solutions 
were allowed ample time to come to room tem- 
perature before being weighed. The saturated 
solution was then carefully washed into beakers 
and titrated against standard sodium hydroxide 
solution, using phenolphthalein as an indicator. 

The necessary time for the equilibrium was 
arrived at by taking samples every hour A num- 
ber of determinations showed that six hours at 
least was required for equilibrium to be estab- 
lished betw’een the solid and its solutions. The 
results in each case recorded below are the aver- 
age of several obtained by approaching the equi- 
librium both from undersaturation and from 
supersaturation. Considerable difficulty was ex- 
perienced in getting the sodium sulphate solutions 
to yield concordant results. 

It will noticed that the solubility of the 
phthalic acid decreases with increased concentra- 
tion of the sodium sulphate. More marked diver- 
gence of the solubility is noticed between the 10 
per cent and the 15 per cent salt solutions than 
between the water and the 10 per cent solutions. 
There is also great increase in solubility of the 
add with rise in temperature. These facts can 
readily be seen by referring to Fig. 3. 





Grms, af Pktkalic Acid fer loo of the 


Saturated SolyHon. 

Temp. 


X ■ 

Water 

10% Na2S04 

15% NaaSO, 

25 

07014 

0*6440 

0 5272 

35 

roi25 

0*9338 

0*7575 

45 

V446 

1*341 

I *080 

55 

2* 168 

1*858 

1*630 

65 

3*246 

3 *oi 8 

2 455 

75 

4*926 

4*373 

3*748 

85 

7*687 

6*461 

5*533 


— Journal of the American Chemical Society ^ vol 
xliii.. No 5, May, rgzi. 


NOTES. 


‘Tnfra-Red Spectra of Isotopes.” — By F. W. 
Loomis. — Separation of the Infra-red Absorption 
Doublets of HCl and HBr due to Isotopes; theory. 
— If these bands are produced by the vibration of 
the nuclei along the line of centres of the mole- 
cules, the author shows that the frequencies 
should be approximately proportional to the 
square root of ; hence the band 

lines due to HCF® and HCF' should differ by 
I / 1330, and those due to HBri* and HBr®* should 
differ by 1/647S. In the case of the HCl band at 
Inies found doublets whose components 
agree in separation and lelative intensity with the 
theoretical results. In other cases the computed 
separations are less than the resolving power so 
far used. — Abstract from the Astrophysical 
Journal j Novemberj 1020, lii., 243-56. 

The Excitation of Light by Cathode Rays in 
Air. — By Gordon S. Fulcher. — Light Excited by 
Cathode Bays in Air. — A beam of cathode rays, 
after passing through a hole in the anode of the 
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discharge tube in which the rays were produced, 
was placed at the focus of the collimating lens of 
a spectrograph, and the intensity of ike ?iitrogen 
bands excited was .determined for various dis- 
charge potentials and for various distances apart 
of the electrodes. The results show that, unlike 
canal rays, cathode rays in passing through nitro- 
gen excite less light per collision the greater their 
energy, at least for the range of speeds corre- 
spanduig to from 1500 to 3500 volts. Since the 
rays used were not homogeneous, the exact law of 
variation cannot be determined from the data ob- 
tained, but the results indicate that the light per 
collision varies inversely as a power of the speed 
somewhat less than the second; and it is pointed 
out that if, as is quite possible, the light intensity 
per collision varies with the speed in the same 
way as the chance of ionisation per collision, then 
the light intensity per ionising collision is inde- 
pendent of the speed. — Abstract from the Astro- 
fkysical Journal^ December, 1920, lii., 278-85. 
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LaiBst PatefU AppHcfUions, 

2657i~Briggs, P, R.— Manufacture of sulphate of ammonia 
October 7. 

26324— British Dye-stuffs Corporation, Ltd.— Manufacture of dye- 
stuffs of the triarylmetlkne series. October 5. 

2j^55-~Forwood, O. F.— Treatment of hydrocarbons October 7. 

2^7 — Imray, O. Y. — Manufacture of optically-active aromatic amino 
idddtKHs. r October 4. 

26?ti4— Levin, L H.— Eiectrolyrio cells for generating oxi>gen and 
hydrogem^ October 4. 

26$8i— wulfing, J. A.— Water-soluble cojttpounds of diethyl- 
barl^uric aedd and its bomologues, and manufacture of same. 


Specifications published this Week. 

146234 — Koishorn, E. — Process for the manufacture of salts of com- 
pounds of lactic acid with tannic or gallic acids. 

169513 — Pratt, W. B. — Sulphur terpene compounds 

14771 1 — Venen ChemischerFabriKen— Manufacture of hydro-fluoric 
acid from natural fluondes 

1^539 — Dempster, Ltd , R & J., Knight, H. S , and Siddall, F. J — 
Combined generating and heating plant adapted to the 
manufacture of hydrogen. 

169536 — British Cellulose and Manufacturing Co. Ltd., Badder, W , 
and Nightingale, D A. — Manufacture of alkyl amines. 


Abstract Published this Week. 

Distilling Ammoniacal Liquor . — Patent No. 167719. — Messrs. 
Holmes & Co. Ltd., of Whitehouse Ironworks, Huddersfield, and 
Wyld, W., of West View, The Avenue, Roimdhay, Leeds, have 
patented an improved process of distilling ammoniacal liquor, a 
suitable apparatus for which is illustrated in the accompanying 
drawing. The heated liquor is spra3red in succession into two or 



more evaporating chambers i, 2, the pressure in the first chamber 
being utilized io effect the spraying into the second. The hquor 
may be passed through an intermediate chamber r, in which it is 
mixed with a reagent to liberate fixed ammonia. The chambers 1. 2, 
are heated by flue gases circulating in jackets, f. The ammoniacal 
liquor IS preheated by passage through tubes, A, in the Jackets. 
Connecting pipes «, u\ serve to pass the gases generated during 
the heating of the liquor in the tubes, fe, to the collecting main, r, 
which leads to a saturator for the formation of ammonium sulphate. 
If pure ammonia is to be separated, the first evaporating chamoer is 
surmounted by a column up which the vapours pass, and dovm 
which a portion of cold ammoniacal licuor flows and removes 
ammonia from the vapours. The liquor falls through the perforated 
top of the spraying chamber. The liquor from the base of the cham- 
ber is pass^ through a vessel, s, and then in succession through 
spraying chambers from which ammonia gas is withdrawn. 


Copper, Nickel, Sodium Salts . — Patent No. 168097. — Mr. E. E. 
Naef, ot 16, Loughborough Road, West Bridgford, Nottingham, has 
patented a new process of treating finely divided copper-nickel 
matte. A mixture of copper and nickel sulphides is heated with 
powdered caustic soda or with a mixture of caustic soda and sodium 
carbonate, common salt, sodium sulphide, sodium sulphate, or lime, 
and with or without the addition of a small proportion of powdered 
coal. The operation may be perfoigmed in an open or closed vessel, 
or in a rarefied or inert atmoj^here, or m hydrogen. Sulphides, 
hydrosulphides and thiosulphates of sodium are formed and metallic 
copper and nickel are precauitated. Lime, with or without the 
addition of other salts, mav be used instead of caustic so<^, the 
temperature required being higher than in the case of caustic so^. 
Ihe molten salts may be poured off, or the whole mass may be 
treated with water to dissolve the salts. The mixture of metaJi5,.n}2iy 
be soparated by a carbonyl process, or it may be treated 'trith suL 
phuric acic for the formatKm tff nickel sulphate, thq Irodife^paved 
copper being refined electtdly|lcally or converted hito ox|de and 
th^ce Into sulphate. 

Messrs. Raj^ir obtain printed copies tff the 

pubb^ied forward ost post free for the oMcial 
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CHEMICAL REACTIONS ON SURFACES.* 

By IRVING LANGMUIR. 

(Concluded from p 230) 

If is the fraction of the surface covered by this 
atomic hydrogen, then the chance that any given 
elementary space on the surface shall contain a 
hydrogen atom is ^1. The hydrogen atoms have 
a very strong field of force, since they are un- 
saturated chemically (for the electrons are not 
arranged in duplets). These atoms, therefore, 
have a relatively low rate of evaporation from the 
surface. Two atoms in adjacent spaces on the 
surface, houever, ma}^ react with one another to 
foim a hydrogen molecule. This is chemically 
saturated, and has therefore a weak field of force, 
so that It evaporates rapidly from the surface. 
The rate of evaporation of molecular hydrogen is 
thus proportional to its rate of formation from 
the atomic hydrogen, and this, in turn, is 
proportional to for the chance that two 
atoms shall lie in adjacent spaces is proportional 
to the square of the chance that an atom shall be 
in an\ given space. This statement of the 
problem lends itself readily to mathematical j 
treatment, and the equations that were obtained 
for the dependence of the reaction velocity on the 
temperature and pressure are m full accord with 
experimental facts over a temperature range from 
1500* K. to 3500° K. and pressures from ro bars 
up to atmospheric pressure. 

It is probable that the decomposition of am- 
monia, and also the formation of ammonia in con- 
tact with solid catalysts, depends upon similar 
interaction between adjacent adsorbed atoms. 
Reactions of this sort should be extremely sensi- 
tive to the actual distances between, and the 
arrangement of the atoms in the surface of the 
catalyst. If these atoms are a little too far apart, 
or if their electrons are not sufficiently mobile to 
permit of the electron rearrangement involved in 
surface reactions, the reaction will be much re- 
tarded. It IS the opinion of the writer that these 
differences in the geometrical arrangement of the 
surface of the atoms is responsible for the “acti- 
vation” of catalysts which is brought about by the 
action that takes place upon them. For example, 
if a plane surface of platinum be heated for the 
first time in a mixture of hydrogen and oxygen, 
the temperature has to be raised quite high before 
the reaction begins. When the reaction has 
occurred, however, even in gases at very low pres- 
sures, $0 that no appreciable heating effect takes 
place, the catalyst becomes modified and the re- 
action then proceeds, even at room temperature. 
In many cases, such effects are due to catalytic 
poisons, but there is good evidence that the effect 
is frequently caused by changes in the structure 
t)f the surface itself, brought about by the re- 
action. This is particularly noticeable in the 
ratal y tic oxidation of ammonia in contact with 
platinum wire After the wire has been used, the 
surface beCopies very rough,. and gradually a dis- 
integration of the wire occurs, because of the sur- 

♦ A Paper rea^d before thfe’Fapuday Society ^ ^ 
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face changes taking place. The catalytic activity 
of the wire is very low when first used, but be- 
comes much greater after it has become activated 
by the reaction itself. 

The changes that occur in the surface of the 
platinum under these conditions seem to be 
exactly similar to those that are caused by rapid 
fluctuation of temperature. When tantalum fila 
ments, or certain improperly made tungsten fila- 
ments, are run in lamps on alternating current, 
the wire shows a tendency to “offset,” but this 
effect is entirely absent if the wire is heated to 
the same temperature by continuous current. This 
offsetting consists of a slipping of the crystals of 
the metal along the boundary planes. In extreme 
cases it leads to a nearly complete disintegration 
of the structure of the metal. Experiments show 
that this effect is directly dependent upon the 
rapidity of temperature fluctuation. Anything 
that increases the rapidity of temperature fluctua- 
tion, such as the introduction of hydrogen into 
the bulb, increases the rate at which offsetting 
occurs, so that it is possible in a few minutes to 
produce as much offsetting as would otherwise 
occur during hundreds of hours. ^ Under these 
extreme conditions, the rate of cooling of the fila- 
ment is of the order of a million degrees per 
second. 

If a Coolidge X-ray tube is operated exclusively 
with direct current, even during manufacture, the 
surface of the target retains its high polish, even 
after long use. A few minutos’ running with 
alternating current roughens the surface of the 
target, and it is well known that the focal spot in 
the target assumes an appearance which is quite 
analogous to that of the platinum surface used as 
a catalyst for the oxidation of ammonia. It is 
highly probable that the cause is the same in both 
cases, namely, sudden fluctuations in temi>erature 
between adjacent atoms in the material. 

In a surface of crystalline platinum, where the 
atoms are presumably arranged in a definite sur- 
face lattice, the distances between adsorbed atoms 
which occupy adjacent spaces is probably a nearly 
fixed quantity, and in general it is unlikely that 
this fortuitous spacing is the best adapted to the* 
interaction betw^een the adsorbed molecules. 
When the surface atoms have been pushed around 
and made to assume new positions, arranged more 
or less at random, the distances between adjacent 
adsorbed molecules vary over a wide range, and 
some of these distances will be exactly right for 
the reaction to occur at the highest possible speed. 
The surface thus becomes composite, and there is 
then a relatively small fraction of the surface^ at 
which the reaction occurs with extreme rapidity, 
while over the larger part of the surface it takes 
place at a very slow rate. 

When a surface has become so roughened that 
il is porous, the effective surface area increases, 
and the number of favourable locations for the 
reaction to occur may become much greater. 

There is good evidence, however, that the acti- 
vation is not merely due to an increase in the sur- 
face, for a surface which becomes activated fat 
one reactio«n may not become activated for another 
reaction. For example, a plane surface of 
platinum, by , a single ^^reatment in ^ a hydrogen 
oxygen mixture at . kiw pressure, can h^-ve its 
activity so nuK^hM^reas^d that the temperature at 
J lowered from 150*" C. 
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to room temperature, but this increase in activity 
for the hydrogen oxygen reaction is not accom- 
panied by any change in the reaction velocity 
observed m the reaction between the carbon mon- 
oxide and oxygen. 

The experimental evidence seems to indicate 
that the reaction that occurs between oxygen and 
hydrogen on the platinum results from interaction 
between adjacent adsorbed atoms, while the re- 
action between carbon monoxide and oxygen takes 
place between oxygen atoms adsorbed on the sur- 
face and carbon monoxide molecules from the 
gas phase which strike them. This diiference in 
mechanism probably accounts for the different 
sensitiveness to surface conditions. It would also 
suggest that the energy imparted to the individual 
platinum atoms as a result of the reaction may be 
much less in the carbon monoxide reaction than 
in the hydrogen reaction. If this is so, the mon- 
oxide reaction should produce little change in the 
surface, and thus should not activate the catalyst 
for the hydrogen reaction. 

The experimental evidence with carbon mon- 
oxide and oxygen on platinum (described in detail 
in another paper presented at this meeting), 
proves that nearly, but not quite all of the re- 
action between these gases occurs during collision 
of carbon monoxide molecules with the oxygen 
covered surface. In reactions of this kind, which 
occur as the result of collisions, we may expect 
that in some cases the exposure of the “flanks” 
of an adsorbed fllm to attack by colliding mole- 
cules may render them much more susceptible to 
chemical action. For example, it is conceivable — 
although in this particular case there is no experi- 
mental evidence for it — that, if the whole surface 
of platinum were covered by oxygen atoms, inci- 
dent carbon monoxide molecules should be unable 
to react, w'hile if only a certain limited portion of 
the surface were covered^ with oxygen, the mon- 
oxide molecules striking the oxygen atoms close 
to the place where they are attached to the 
platinum, might be able to react. In this case 
the oxygen film would be removed progressively 
from its bounding edge inward. It seems quite 
possible that this kind of action may be involved 
in some of the passivity- phenomena observed with 
iron in electrochemical action, and may be also 
effective in causing the sudden beginning of the 
dissociation of hydrogen by a tungsten filament 
after small traces of oxygen have been consumed 
by the filament. 

If we consider catalytic surface reactions with 
more or less complicated organic molecules, we 
should naturally expect that the orientation of the 
molecules and steric hindrance effects should be- 
come more important as factors in the mechanism 
of the reaction. For example, when ethyl acetate 
is heated with different solid catalysts, it may 
give — 

A. CH,COaH + C,H, 

B. CH^CH^CH^+CO, 

C . C H,CO C H, 4 - C O3 + CsH.OH + C,H^. 

In all these cases, the — COO — group is un- 
questionably directly attached to the surface, 
while the rest of the hydrocarbon chain is located 
above this group. It is probable that the 
— COO — group is attached to the surface by 
primary valences, so that the bonds between these 
atoms <^sappear when the substance is adsorbed. 
Depending upon the different manners in which 


interaction between atoms and evaporation may 
occur, the resulting products differ. Reaction A 
involves only a shift in the position of a hydrogen 
nucleus, to allow the products to evaporate separ- 
ately. In reaction B it is only necessary for a 
few' electrons to shift their positions. Reaction C 
involves intei action betiveen two molecules which 
must be adsorbed in adjacent positions in definite 
geometrical relations to one another. 

Reactions at Boundaries of Phases . — Faraday 
observed that a perfect crystal of sodium carbon- 
at eor sodium sulphate (“Experimental Re- 
searches,” Everyman's Library Edition, p. loq) 
refuses to effloresce until the surface is scratched 
or broken, and that the efflorescence then spreads 
from the injured place Similar phenomena have 
been observed with copper sulphate and other cry- 
stals. In all such cases it is necessary to assume 
that the reaction (dehydration) takes flace only at 
the boundary beiwee^i two phases. Careful 
analysis (Langmuir, Jour. kmer. Chem. Soc., 
iqi6, xxxviii., 2263-2267) shows that wherever we 
have to deal, according to the Phase Rule, with 
separate phases of constant composition, the re- 
action occurs only at the boundaries of phases. 
Thus in the dissociation of calcium carbonate by 
heat, the carbon dioxide is produced only at the 
boundary between the calcium carbonate and the 
calcium oxide phases. 

Dr. H. S. Taylor recently described experiments 
on the preparation of copper and copper oxide 
catalysts (Rochester Meeting, Amer. Chem Soc., 
April, 1921) in which he found that there was a 
long “period of induction” in the reduction of 
heated cupric oxide by hydrogen. All the 
phenomena that he observed in connection with 
this reaction are in accord with the view that this 
is another case in which the reaction occurs only 
at' the junction between phases. In conventional 
nomenclature %ve may say that we have here an 
example of autocatalysis, the metallic copper 
accelerating the reaction. It seems much more 
profitable, however, to analyse the phenomena 
in terms of the probable mechanism. 

The oxygen atoms in copper oxide are 
thoroughly saturated chemically, which means 
in this case that they have taken up two electrons 
from the copper atoms and have thus completed 
their octets, and leave the copper in the form of 
ions. Thus there is no reason for expecting a 
strong tendency to react with hydrogen at moder- 
ate temperatures. In view of Taylor’s experi- 
ments, we conclude that the oxygen ions in cupric 
oxide are in fact^ very inert towards molecular 
hydrogen. Let us assume that, owing to some 
local imperfection in the space lattice of the atoms 
of the copper oxide, an ion of copper has taken 
up electrons apd has formed a neutral atom. It 
is to be expected that such an atom should behave 
towards hydrogen molecules like metallic copper 
or other metallic substances. We have already 
seen that hydrogen molecules are adsorbed by 
platinum and by tungsten (and therefore probably 
bv other metals) in the form of atoms. This 
action is presumably caused by the attraction of 
the “free” electrons of the metal upon the hydro- 
gen nuclei. The hydrogen adsorbed by the copper 
in atomic condition can then react with the oxygen 
ions merely by th« shifting of the hydrogen nuclei 
from the copper 'ktoms to the oxygen ions, the 
electrons being transferred to another copper 
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atom Each hydrogen molecule^ thus supplies 
two electrons and is capable of converting and 
adjacent copper ion into a neutral atom. By such 
a mechanism it is clear that the reaction could 
proceed only at the junction between the phases. 


THE 

PREPARATION OF PURE PLATINUM.* 

By EDWARD WICKERS. 

TiiL Bureau of Standards has been working for 
some time on the preparation of the several 
platinum metals in a high degree of purity. In 
the course of the work on platinum in particular, 
some observations have been made which are of 
interest inasmuch as so-called pure platinum is in 
constant use in the collection of scientihc data 
and in the contiol of industiial operations. 
Familiar applications are the use of the platinum 
resistance thermometer and the rare-metals 
thermocouple. 

Since the chemical methods of detecting small 
quantities of impurities in platinum are not, in 
most cases, of proved leliability, it was decided 
to continue puiihcation until the spark spectrum 
of the platinum should be as neatly as possible 
free from the lines of any foreign metal. It was 
found that repeated precipitation of ammonium 
chloroplatuiate would yield metal of the desired 
purity. The platinum hereinafter described "was 
obtained by four such precipitations, starting with 
materiai which contained significant amounts of 
paiiadium, rhodium, and iridium, as well as con- 
siderable iron, tin, and other base metals. These 
results are given because the impression has been 
more or less prevalent that pure or “thermo- 
element'’ platinum could not be prepared by this 
simple and economical method. The experience 
of Archibald (Froc, Roy, Soc. Bdmbitrgkj 1909, 
.Kxix., 721), as well as others, in thus preparing 
platinum of any desired purity has not been sufii- 
1 lent to dispel the idea that some more compli- 
cated and tedious process is required. 

Each precipitate of ammonium chloropiatinate 
was drained from the mother liquor in a Biichner 
funnel, then washed by stirring up the salt with a 
considerable volume of a 15 to 20 per cent solu- 
tion of ammonium chloride, and again drained 
as before. This washing ivas always done twrice, 
and sometimes three times. The washed precipi- 
tate was dried, ignited to platinum sponge in an 
el^rically-heated mufiie furnace, and redissolved 
by aqua regia. ^ The solution was evaporated 
several times with hydrochloric acid in order to 
remove nitric acid, before the next precipitation. 
The amount of platinum left in the mother liquor 
from the precipitation was usually not in excess 
of I per cent of the platinum in the precipitate. 

The final precipitate of ammonium chloro- 
platinate ivas ignited to sponge in a ixjrcelain 
dish over a gas flame. The dish was covered with 
a silica plate and a stream of hydrogen run in to 
facilitate the decomposition, and incident^dly to 
prevent the slight loss of platinum which 
panies the ignition of ammonium chloropiatinate 
in the air. 

In addition to the si>etrosopic tests, the therm o- 

* Bc^bHsbedby ^ tbe Director tbe Bureaa ol 
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electric method of comparison was used. (The 
e.m.£. developed at a hot junction between tvve 
dissimilar metals has long been made use of ir 
the study of the platinum group. White (Phys. 
Rev,, 1906, xxin., 449) employed the thermo- 
electric method to examine thermo-element wires 
for inhomogeneity and contamination during use. 
Burgess and Sale, and Burgess and Waltenberg 
{Bur. Standards ^ci. Papers 254 and 280) applied 
the method to the study of the composition of 
platinum w'are. Most alloys of platinum with 
other platinum metals or the base metals which 
are present as impurities give a positive e,m.f. 
against platinum itself. Thus an alloy of 
platinum wdth i per cent of rhodium gives about 
2450 microvolts at 1200*^, positive to platinum.) 
The least positive sample of Heraeus wire in the 
possession of the Bureau w*as used as a standard 
and w’ill be designated in the subsequent para- 
graphs as “A,” 

The samples to be tested w ere prepared by melt- 
ing the sponge on a piece of lime in the oxy- 
hydrogen flame The buttons w'ere cleaned with 
hydrochloric acid and rolled into a thin strip ivith 
a small pair of flat rolls. There was apparently 
no perceptible contamination with iron in this 
process, although, as a precautionary' measure, 
the strips were usually digested with hjdrochioric 
acid. 

The first samples prepared in this manner, 
although spectroscopically free from any trace of 
other platinum metals, invariably gave a consider- 
able positive e.m.f. against “A.” It was noted, 
however, that the spectrograms of these metals 
always showed the presence of calcium, and 
sometimes of magnesium. 

Subsequent samples were prepared in the same 
way, except that the precaution was taken to use 
an oxy-hydrogen flame in which oxygen was in 
considerable excess, as suggested by Mr. Fairchild 
of this Bureau. Strips of platinum were> then ob- 
tained ivihch showed a negative e.m.f, against 
“A,” varying from 2 to 38 microvolts at about 
1200°. ' Upon direct comparison of several of oui 
samples, together with “A,” in the spark spec- 
trum, the samples were found to be identical in all 
respects except for the presence of calcium and 
a trace of magnesium The variation in the in- 
tensity of the calcium lines was found to be 
roughly parallel to the variation in the e.m.f., the 
most negative sample showing only a very siighi 
trace of calcium. This sample will be known as 
“K.” A thermo-electric comparison wras ther 
made between “A” and three additional samples 
of Heraeus wire, as well as a sample of themo- 
element wire made by an American manufacturer. 
The iast-n^ed gave 10 microvolts, two of the 
Heraeus wires 40 microvolts, and the third 17c 
microvolts at 1200°, all positive to “A.” Th« 
Heraeus samples were compared spectroscopicalh 
and again showed various amounts of calciun 
while the most positive one also showed the pre 
sence of rhodium. None of the specimens a1 
lilatinum here mentioned had been used pre; 
viousiy, and ail were carefully cleaned to remove 
any superficial impurity before the spectyo^copi< 
examination. 

Similar variations are shown by the severa 
samples of Heraeus wjpe employed m the thermo 
couples used^^AM»®e®trches of I>ay and Sosmai 
191I5 457) on the ga; 
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thermometer. The greatest difference ib about 
185 microvolts at 1500''. These wires were per- 
sonally obtained by Dr Day from W, C. Heraeus, 
and were believed to represent the purest platinm 
obtainable. 

Through the courtesy of Dr. Day, a comparison 
was made by Dr. W, P. White, of the Geo- 
physical Laboratory, between the least positive 
of these samples (hereinafter designated as “B”) 
and sample “A.” “B” registered 18 microvolts. 

Later a direct comparison was made by 
us between “B” and our sample ‘^K,” the 
latter giving 21 microvolts negative at 1200®. 
On spectroscopic examination, the H and 
K calcium lines were found to be visible 
in K, and present with two or three times 
as great intensity in B. The magnesium line of 
wave length 2852*13 A® was faintly visible in both 
spectrograms. 

From the fa^t that no- differences were found in 
the spectrograms other than those mentioned with 
respect to calcium and magnesium, it is believed 
that a negative e.m.f. as obtained indicates higher 
purity and is not caused by the presence of some 
contaminating substance whose combination uith 
platinum is negative to platinum itself. 

It was also observed that the samples uhich 
contained the least calcium were remaikablj soft, 
did not wet the lime as they were fused, and 
showed no perceptible recalescence on cooling 
Those samples which contained somewhat greater 
amounts of calcium were observed to wet the lime 
^diuring fusion and showed a marked recalescence. 
A button which was properly melted but subjected 
to a momentary flash of a reducing flame imme- 
diately wetted the lime, showed recalescence on 
cooling, and gave an e.m.f. of go microvolts at 
1200® positive to a duplicate sample, which was 
fused only in the oxidising flame. Strips of 
platinum containing appreciable amounts of cal- 
cium were found to show the characteristic cal- 
cium flame when brought to the melting point in 
an oxy-gas flame. Calcium was readily detected 
in “A” by this means. 

The physical properties of the lime, and pos- 
sibly its purity, seem to affect the purity of the 
platinum melted on it to a slight extent, but the 
pncipal factor is clearly the nature of the flame 
used. The data obtained seem to justify the con- 
clusion that the calcium oxide undergoes some re- 
duction if insufficient oxygen is used in the flame, 
and that the platinum takes up calcium and not 
calcium oxide. This was substantiated by melt- 
ing nearly 200 grms, of platinm in an Ajax- 
Northrup induction furnace, using a tall porce- 
lain .crucible lined with powdered calcium oxide 
tamped around a mandrel. Under these con- 
ditions there is no possible source of reduction of 
the lime unless it should be by the platinum itself. 
The ingot wbich was obtained gave 5 microvolts 
negative to a* satifactor\ sample prepared from 
the same sponge by melting in the oxy-hydrogen 
flame. 

A few experiments were conducted to determine 
the suitability of crucibles made from magnesium 
oxide with a small amount of magnesium fluoride 
as a binder. A sample of platinum was melted 
in such a crucible surrounded by a graphite shell 
to act as a conducting crucible in an Ajax- 
Northrup induction furnace. The platinum was 
held at a temperature considerably above the 


melting point for about 15 minutes. The result- 
ing button was extremely hard and brittle, and 
analysis showed a magnesium content of 3*0 per 
cent. A piece of foil similarly melted but held 
at about 1800° for three or four minutes showed 
a gain in weight equivalent to 0*33 per cent mag- 
nesium, assuming loss of platinum by volatilisa- 
tion in this period to be neglible. This button 
was hard but could be rolled cold, and the result- 
ing strip gave about 3000 microvolts positive to 
standard platinum at 1200°. Heating for several 
hours in the air caused the platinum to be coated 
with a greyish film, which was removed by borax 
applied to the strips during the heating. ^ The 
e.m.f. w^as now considerably lower, indicating 
that a portion of the magnesium had been lost. 
As it was thought that the contamination of the 
platinum with magnesium might be due to the 
reduction of the oxide by the graphite, another 
sample of platinum w'as melted in such a crucible, 
but with substitution of a tungsten shell for the 
graphite. The resulting platinum button was 
again very hard and could not be rolled, and 
evidently contained considerable magnesium. 
A sample melted in a magnesia crucible m wbich 
no magnesium fluoride was used w*as also very 
hard. Although the tungsten could have caused 
a reduction of the magnesia, it is probable that 
the real explanation lies in the dissociation of 
magnesium oxide, whcih Tiede and Birnbrauer 
(Z. anorg, Chem,^ 1914, Ixxxvii., 129) observed as 
taking place rapidly at 1900®. A button of 
platinum melted on a cupel moulded from pow- 
dered magnesium oxide without a binder, by 
means of the oxy-hydrogen flame, ivas very soft, 
and registered 14 microvolts negative at 1200° to 
the Bureau’s standard Heraeus wire. Under these 
conditions the magnesia evidently does not reach 
the temperature required for dissociation. 

A passing reference to the alloying of platinum 
and calcium is made by Moissan (BuLL soc, chim.j 
£3], 1902, xxvn., 66s), who observed that 

platinum, heated to boiling in the presence of 
hme by means of the electric arc, contained 2*54 
to 3*01 per cent calcium. Tarugi (Gass, chtm, 
itaLj 1899, xxix., i, 512) states that he obtained a 
platinum alloy with calcium by means of the re- 
action between a iDlatinum salt and calcium car- 
bide. Hodgkiuson, Waring, and Desbo rough 
(Chemical News, 1899, Ixxx , 185) obtained an 
alloy of the approximate composition PtMgj by 
passing magnesium vapours over platinum foil. In 
this connection the observation made some years 
ago by H. C. P. Weber (“Report of Committee on 
Quality of Platinum Laboratory Utensils,” /. Ind, 
Eng. Cheni.^ iQii, ilk, 688), of this Bureau is 
recalled. He found that certain pieces of plati- 
num ware were alkaline to litmus after strong 
ignition. In one case at least Hillebrand ob- 
tained a definite qualitative test for calcium frern 
the surface of an ignited crucible, and the in- 
ference was made that the calcium originated 
in the lime crucibles used for melting platinum, 
or in the lime salts used for polishing the finished 
w^are. It is to be noted that while the present , 
work indicates the presence of calcium as Theta! 
in the platinum, it would also be quite possible 
for ingots of platinum to enclose mechanically 
particles of calcium oxide, which might appea* 
in the finished ware. It is clear from this that 
under favourable conditions the amount of cal- 
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cium taken up by platinum may be ver\^ signifi- 
cant, the more so when it is considered that the 
calcium will be gradually brought to the surfacr 
and removed and the properties of the platinuiu 
will therefore not remain constant 

It has been mentioned that the purest samples 
of platinum thus far prepared still show the pre- 
sence of calcium spectroscopically. The calcium 
content of this platinum is undoubtedly very 
small, the^ intensity of the H and K lines in 
Sample '"K” indicating an amount which is prob- 
ably not in excess of o’oooi per cent. An attempt 
will be made not only to determine the amount of 
calcium as ^ definitely as possible, but also to 
approach still more closely the goal of absolute 
purity. It is proposed to make a study of the 
suitability of other refractories, such as thoria 
and zirconia, for melting pure platinum, and also 
to determine the optimum conditions for melting 
platinum on lime, inasmuch as this substance 
commends itself so highly because of its cheap- 
ness and availability. 

It is further planned to make use of the tem- 
perature coefficient of resistance as an index of 
the purity of the various samples. This would 
furnish an experimentally determined quantity 
peculiar to the material examined and indepen- 
dent of any arbitrary standard of comparison such 
as must be used in the thermo-electric method. 
Such determinations would be of great value in 
the^ subsequent standardisation of new material. 
This method has the added advantage that the 
values obtained are capable of variation in one 
direction only, so far as is known, while the e.m.f. 
of a given sample may be positive or negative to 
absolutely pure platinum, depending upon the 
nature of the impurity. 

Acknowledgments are made to Mr. F. W, 
Smither, under whose supervision the chemical 
work on platinum is conducted, and to the other 
members of the Bureau staff who assisted in this 
work, in particular Dr. W. F. Meggers, Mr C. 
O. Fairchild, and Mr. Louis Jordan. 


TRAINING 

FOR FOREIGN EXPLORATION.* 

By H. FOSTER BAIN, 

Director United States Bureau of Mines. 

Mining engineering occupies a borderland. In 
common with other branches of engineering it is 
an ‘^art and science by which the mechanical pro- ^ 
perties of matter are made useful to man in struc- : 
tures and machines’* — ^but with a difference. The ^ 
civil engineer digs a hole to put something in it, 
a foundation perhaps. The mining engineer digs ' 
a hole to get something out of it, the ore. If he , 
puts anything into the hole, timbers to support j 
the excavation perhaps, he does it grudgingly, 
and always with a view to the utmost economy of 
material. He cannot, as can his fellow pro- 
fessional, build with an eye to the long future. , 
He must always face the fact that his main object ' 
is to get things out of holes, and that when ue has 
got out of a hole all that nature had put in Jt, 
neither the hole nor the plant used in the work i 

* Forty-eigEtli Ann u al Commencement Address, delivered on April ' 
iMi, and reprint^ from the Bulletin of tho School of Mines and i 
Metallurgy, University of Missouri, June, igai, No. 3, vol, ^ ^ 


has any further value. There is but a modicum 
of salvage upon which he may count. In many 
particulars his work shows analogies to that of a 
contractor, and the same logic that leads a con- 
tractor to low first-cost installations is good 
\rithin reason, for the mining engineer. He does 
his work and moves on, and there is probablv no 
profession calling for equal skill and learuLig in 
which the members wander more. Always they 
are seeking or extracting or utilising materials 
forming part of the crust of the earth, and usually 
are doing it under conditions or with equipment 
that is at least suggestive of being temporary. 
The mining engineer must improvise, and he must 
be versatile. Of him it may be written as Kiphng 
has of the marine : 

“For there isn’t a job on the top o’ the earth the 
beggar don’t know nor do. 

You can leave 'im at night on a bald man’s 'ead 
to paddle ’is own canoe . 

’E’s a sort of a blooming cosmopolouse— soldier 
and sailor too.” 

To the lore of the geologist he adds the skill 
of the engineer and the science of the metallur- 
gist. Always and every-where an eclectic he 
adapts means to the end. Clearlv where there are 
such vari^ duties and opportunities room for 
specialisation exists, and this is, indeed, the fact. 

Mining engineers, employing that term in the 
broad general sense in which it has common 
usage, are called upon for three sorts of work ; 
(a) geological; (d) mining proper; and (c) metal- 
lurgical. No one man may be expected to be 
competent in all three, and each branch is really 
a profession within a profession, but a man who 
stays long and achieves success in mining en- 
gineering must know something of all three, and 
young men who leave the schools, regardless of 
the point of the triangle at which they begin, 
seem in practice liable to end at either of the 
other. Each of the three has applications outside 
mining or verges over into other fields. Thus the 
border line between metallurgy and chemical in- 
dustry is shadowy, the ties between mining en- 
gineering proper and civil engineering are many 
and close, and geology is a broad science which 
touches many fields aside from those related to 
ores and minable minerals. It is, however, the 
light ^ that geology throws on the genesis and 
especially the occurrence of ores and minerals 
tha^ interests the miner, and it is in finding 
minerals and guiding development that it is of 
most direct benefit to him. This work is funda- 
mental to mining And it is the work of the ex- 
ploration engineer. It may be of interest to in- 
quire as to the probable future demand for his 
services and the training necessary to qualify him 
for service. Since mines are wasting assets, the 
very' life of the mining industry is dependent upon 
the continual finding of new mines, new ore 
bodies, and new reserves. When this stops, 
mining will stop, though the death may be a 
lingering one. Whatever may be true as to a 
particular type of mining, or mining in a particu- 
lar locality, it must further be clear that so long 
as man persists on this earth he will have use and 
need for some portion^ of its crust, and that, 
therefore, mining in some form will continue. 
Each individual minei be it ever so long lived, 
is eventually worked' out and becomes worthless, 
and oth^jii<>p^*f*TOst be found to take its place. 

changes and minerals or metals 
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eagerly sought by one people or one generation 
are less important to those 'vvho come later, some- 
times because their wants are supplied from a 
different source. In the early settlement of the 
Mississippi Valley, local salt supplies were so im- 
portant that salt lands were generally set aside as 
being of particular value. Now these local 
supplies are of ==0 little importance that they are 
generally not worked. Nevertheless the salt in- 
dustry i"s many-fold larger and more important 
than was contemplated by our grandfathers. The 
human need for salt is as great as ever, and with 
increasing population more salt, and hence more 
salt mines have been needed. 

As there comes to be more people in the world 
there will be more need of mineral products, and 
disregarding the substitution of one for another, 
the minimum rate of increase in output for the 
minerals as a whole may be safely taken as that 
of increase of population. 

There is an additional factor that lends assur- j 
ance to the future of mining As ^ civilisation I 
spreads and industrialisation becomes increasingly 
intensive, the per capita consumption of minerals 
increases. Man comes more and more to depend 
upon energy taken from the earth to supplement 
his own labour. The brilliant civilisation of the 
Greeks was based upon slave labour. It is "worth 
remembering that in the golden age, which the 
classicists so love to recall, the mines of Larium, 
worked by slaves, were so productive that each 
citizen of Athens received a dividend in place of 
an annual tax notice. Naturally they had time to 
sit around in the sunshine and talk philosophy. 
The people of our times will not tolerate slavery'. 
We have found a better way in that we harness to 
our use the energy of falling water and of fuels 
and so are each served by invisible, non-consum- 
ing genie of the earth. The peoples who make 
the most use of earth materials and forces are the 
peoples who work the shortest number of hours, 
produce the most goods, and have the most to 
divide among themselves. There are great differ- 
ences between the peoples of various countries 
and centuries in this particular. Probably the 
civilized man, on the average, eats little if any 
more food than his ancestors did, but he does 
burn more coal and uses more metals. Even 
among the various peoples of the present there 
are differences. The Chinese use about one- 
twentieth of a ton of coal per capita per andum. 
Americans use approximately six tons, and other 
lieopte use various amounts between. Generally 
spewing, the world is learning to use more and 
, mom ooal and so to substitute the mechanical 
feu. hum^ lalwOT'- The pre-war 
per capita cor^umpdion ot copper in the United 
States was d to yik, and for France about ilb. 
In Russia it is much hot nothing can be more 
certain that that throughi a term of years the 
peoples of other countnes are going to approxi- 
mate more closely ro American standards of con- 
sumption. The United States is by no means 
the only countiy' where modern plumbing is 
appreciated, and as the cult of the bath-tub 
spreads around the world the consumption of 
the metals uill grow. This demand can only be 
supplied by re-use of old metal or by malting 
addition to the world's stock. Mineral wealth, 
fortunately, is not necessarily consumed in use. 
There is wastage, but there is also salvage, and 


large amounts of old metal are continually re- 
turning to use, so much so that important metal- 
lurgical processes, such as making open-hearth 
steel and cement copper are based upon supplies 
of scrap metal. 

The existing stocks of the various metals repre- 
sent accumulations of all the centuries that have 
gone before, though very much the larger part 
has been won within the last hundred years. 
There have been times in the past when but little 
was added to the stock, and there have been 
peoples who merely captured in war and used the 
metals mined by others. This was true of the 
Tartar dynasties in China. The peoples who 
ceased to mine ceased to progress in civilisation, 
and the great civilisations of the past were those 
in "which the people laid under tribute more and 
more of the earth. 

As yet no peoples are known who have accumu- 
lated a sufficient stock of metals to supply them- 
selves by remelting, and at the same time to make 
progress in civilisation Having regard to the 
many activities that lead to wastage it seems im- 
probable that any active people udll ^ reach the 
stage where they will not require periodic addi- 
tions to their stock of metals. In the opinion of 
economists, also, no active people have yet 
reached a point of saturation as regards even 
steel, the most common of our metallic alloys. 
It seems, therefore, safe to assume that demand 
for minerals wull continue to increase. 

T"wo methods of meeting this increasing de- 
mand are known. By improvements in tech- 
nology and financing it will be possible to lower 
the limit of metal content which separates ore 
from waste and so increase the reserves in known 
deposits or make into ore deposits what are now 
mere mineral segregations. This is a fruitful 
field and calls for application of the highest type 
of skill and genius in our profession. It is one 
in which remarkable results have been achieved. 
Working i per cent copper ores means handling 
2ooolb. of material to recover less than 2 olb. of 
capper, for even the best practice involves losses. 
It is only possible to dO' this by application of ex- 
cellent technology and remarkable powers of 
organisation and financing. In producing helium 
from natural gas a raw material containing less 
than I per cent is used, and the technology in- 
volves incursions into low temperatures and high 
pressures not previously applied on any large 
scale outside physical laboratories. 

A second way to meet the future demand for 
mineral products is to discover new deposits either 
of types made profitable by the improvements of 
process and business organisation just mentioned, 
of types long known, or of new types. Fortun- 
ately there are opportunities of finding all three, 
and in all this work exploration enters. The 
search for “porphyry coppers” has been a wide one. 
Beginning in the United States, it has long since 
spread into foreign fields. It has led men into 
many of the odd corners of the earth, and there 
are regions yet to be explored. In condudiog 
this "work, knowledge of the widest charaelei; -is 
desirable. When Mr. C, G. Gunther began his 
search in Mediterranean countries, which has re- 
sulted in the development of an American mine of 
promise on the Island of Cypress, the first step 
was a reading of the classics. The Romans and 
earlier rulers of the region had sources of copper 
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which, while small as judged by present American 
standards, might, it was thought, well point the 
way 10 a source for modem production. It will 
be recalled that the Utah, Chino, Ray, Nevada 
Consolidated, and other of our modern enter- 
prises built on older small-scale undertakings. 
Mr. Seeley Mudd, the eminent mining engineer, 
who studied in a Missouri school and began his 
professional career in a [Missouri copper mine, 
had the vision of applying in the Mediterranean 
region the knowledge which had grown out of 
American experience. He and his associates 
found in Mr Gunther an excellent, enthusiastic 
agent. The work began, as I have intimated, 
with a careful review of the classics, and was 
followed by field studies first in North Africa and 
later in Asia Minor, where old mines offering 
promise of profit under modern methods were 
found. I cite this instance to enforce the obser- 
vation that no knowledge comes amiss to an ex- 
ploring engineer. I hope it will not be construed 
into an argument for making Greek and Latin 
required courses in mining schools, but it does 
show that wdde learning is of real value to a 
mining man who proposes to do more than con- 
duct a local and minor oj era! ion. As for Greek 
and Latin, mining men as well as others who can 
Avithout undue sacrifice of time become acquainted 
with them will gain by doing so. It is well, 
though, to preserve a sense of proportion, and 
mere knowledge of foreign languages, ancient or 
modern, hardly qualifies one to assume responsi- 
bility as operator or advisor in mining. Indeed, 
a surprising amount of work can be done through 
interpreters, since to a good geologist the rocks 
speak direct, and a competent miner or metallur- 
gist can piece together the story of old works and 
furnaces from scattered remains, drawing deduc- 
tions as surely as does the vertebrate palaeontolo- 
gist from a few bones. Get all the knowledge of 
modern languages that circumstances permit. 
Some have a facility in this which carries them 
far, but remember that it is but a means to an end. 
In the course of a recent professional trip lasting 
some twenty months, business took me into coun- 
tries and regions where eleven distinct lan^ages 
or dialects were used, so distinct that for each 
interpreters were necessary. If I had stopped to 
learn each language before transacting business, 
I would never have found time to do the work 
for which I was sent. Such experiences are not 
unusual in these modern days of wide travel. It 
is helpful, but not necessar\', to know modern 
languages Even when no interpreter is avail- 
able, a few simple words will carry you sur- 
prisingly far. It is not only that they are useful 
in themselves, but they help to establish friendly 
relations. People generally take it as an effort 
to good understanding that you have tried to be- 
come qualified to talk to them in their own 
tongue, and Avords ip any language carry an 
accumulation of associations Avhich is left behind 
in translating. You must, hoAA^ever, depend 
largely on yourself. Use your eyes and your feet. 
Get out into the field and observe. Leave, if you 
must, puzzling questions as to labour supply, laws 
and regulations, until you can get a competent 
interpreter, but for the facts as to character and 
extent of the deposit you wish to see depend on 
your own powers and energy. 


I am speaking now of language study as a 
means. Language and the whole group of so- 
called cultural studies have another use, one not 
to be overlooked. If you purpose to be an ex- 
ploration engineer, you will spend much time 
aAA’ay from home, often under uncongenial sur- 
roundings. I once asked a young man returning 
from an outpost in West Africa what he con- 
sidered most important for one^ to have before 
going into such AA'ork. I was a bit suriDnsed \A'hen 
he answered, “a college education.” Experience 
had taught him that a well-stored mind is the 
best companion, not only in solitude, but of a 
man surrounded by primitive and brutalising con- 
ditions 10 Avhich he does not wish to succumb. 
It has been my experience to note young men of 
good antecedents who have dissipated and become 
mere brutes AA*hen left alone amon^ savage or 
nearly savage people for lack of mental reserves 
Mental balance and mental resources are of 
IDecuIiar value as stabilisers under such conditions. 

Search for '']>orphAT:y coppers” and similar de- 
posits AA'iH almost ceitainly carry you into regions 
of ancient mining. It is well to be on your guard 
neither to underestimate or overestimate the older 
civilisations The ancient miners did many 
things Avell. They are apt to have exhausted the 
bonanzas doAvn to the water level, and high-grade 
ore in old workings is rare. Their costs Avere low 
since the mines were operated mainly by slave 
labour. It does not follow that because others 
Avorked a mine for centuries, or even because it 
yielded considerable aggregate of metal, it can 
profitably be^ exploited under modern conditions. 
With primitive tools the ancients accomplished 
wonders. There is, however, one assumption 
that it is usually safe to make — they did not work 
far below permanent underground water-level, 
since no amount of human labour quite accom- 
plishes the AAwk of modern pumps. 

Just as we must remember that^ price relations 
of labour and metal were in ancient times very 
different from those of to-day, so Ave should bear 
in mind that in the past people were satisfied with 
amounts of metal that AA’ould be considered in- 
significant now. Mr. E. C. Eckel has pointed 
out that at the time of the discovetA' of America, 
the total amount of gold accumulated in Europe 
in all forms was worth less than $100,000,000, and 
that up to the^ American Revolution the iron 
made annually in this country was but 15,000 to 
25,000 tons Even at that it was equal to the 
output of England. Many deposits which would 
satisfy such demands are of no importance what- 
ever under modem conditions of business and 
technology. Whole groups, therefore, of ancient 
workings may be passed in review quickly once 
you are satisfied as to their type and average 
extent 

Finding deposits suitable for large mining 
enterprises is^ however, not the whole of the work 
of an exploring engineer. He may be employed 
to look up sources of some mineral which does 
not occur in large bodies, such as tungsten or 
vanadium. In such cases little bodies must be 
regarded as jealously as are large ones of 
metals. A due sense of ^ proportion is - bi Mgh 
value to him, and an intimate kiiowJec|ge of the 
mode of occurrenoe^^psP the mimed, he! is seeking 
to find Js^^|gjt#»4afe6eiitial. ^ Placer gold has a 
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natural habitat, and there are characteristic differ- 1 this particular work of finding ore is needed more 


ences in types of deposits which may be correlated 
with the character of the country' rocks, the extent 
of their metamorphism, the presence or absence 
of intrusives, the character of the latter, the 
physiographic history' of the region and similar 
geological features. Much is known now of 
metaliogenic provinces, and something of paleo- 
geography. All this and more is useful to one 
engaged in finding ore. 

In estimating the value of professional know- 
ledge necessary' for success as an exploring 
mining engineer, I would, therefore, place a good 
working knowledge of geol-o^' first. This should 
extend not only to the technic, but to the sources 
of information and to current knowledge of the 
geology of the region to be explored. A metal- 
lurgist or a mining engineer engaged in operation 
of properties does not need so comprehensive an 
understanding of geology. It is sufficient if he 
knows the general scope of the science and the 
particular ways it may be applied to problems he 
must face It is by no means necessary that he 
should be versed in its technic, since there will 
always be ■within reach men skilled in the art who 
may be called to his assistance- What he should 
know is when a geologist can be helpful and how 
to use him in his work. It would be better for 
such men to concentrate their time and energy 
upon acquiring a complete mastery of their own 
work rather than an amateur ^and probably mis- 
leading knowledge of geology. 

In the case of the exploring engineer the case is 
different. His prime function is to find ores, and 
to do this he must know ore bodies and the laws 
which govern their occurrence. These laws are 
imperfectly understood, ; much regarding them 
remains to be learned, and to resolve these doubts 
calls for the most complete knowledge obtainable 
concerning the principles of geolo'gy, the history 
of the eanh, and the technic of making geolo- 
gical studies. It is therefore important that the 
exploring engineer should be first of all a well- 
trained geologist, one capable of observing, re- 
cording, weighing, and judging the numerous 
f^s of which account must be taken in making 
his determinations. 

Much observation has convinced me, though as 
to this there are differences of opinion, that it is 
better if he learn his geology first as a scientific 
study. There is a high value in the detached 
point of view of the man who loves science for 
Its own sake and counts truth as most important. 
Men so trained have usually more vision. They 
have a wider knowledge of the literature of the 
subject and of the work of others. They are less 
eager to accumulate only the facts of immediate 
importance and so have more facts and more 
theory upon which to fall back when in difficulty. 
They do their work better because they look over 
the whole problem first, Not infrequently they 
make large savings by eliminating unprofitable 
work through preliminan’ study of literature. 
F or all these reasons I would recommend the man 
who purposes to devote his time to exploration to 
study geology* first and to study it as though he 
expected to be a professional geologist. 

This, however, is not alone enough. It re- 
quires but little knowledge of the field to recog- 
nise that many serious mistakes have been made 
through relying on the advice of geologists. For 


than the usual equipment of a good geologist 
The latter is rarely versed in economics, and this 
IS almost equally essential. Too many geologists 
have no adequate understanding of the relative 
importance of things from the miner's point of 
view. Not being trained in assuming financial 
responsibility for mistakes, they are cheerfully 
optimistic when to be unduly so invites failure. 
Their first tendency is to general advice, and all 
too promptly they will sketch out plans for 
development that call for millions when perhaps 
thousands alone are available. The geologist, 
therefore, needs further training before he is pro- 
perly prepared to advise regarding mining 
development- As a geologist he is what one may 
call semi-finished material, though, I would have 
you understand, most excellent material for 
further manufacture. 

When the prospective exploring engineer has 
completed his scientific studies he needs help and 
criticism from his fellows, the mining engineer 
and the metallurgist. It is not necessary* that he 
should become equally learned in their branches 
of the profession, but it is essential that he have 
a clear conception of the scope, character, and 
limitations of their work. It is his business to 
find the ore which the mining engineer shall mine 
and the metallurgist treat Clearly no one will 
be profited by his finding and mapping metal- 
liferous segregations which cannot be mined or 
are not amenable to treatment. It may be highly 
interesting and of great scientific import to map 
such bodies of mineral, but that is the function 
among others of the geologists of official surveys. 
The exploration engineer must work to find some- 
thing out of which a profit may be made or he has 
not found ore. Clearly he must know, at least in 
general terms, the limits of cost which separate 
ore from rock, and he must have some well- 
defined ideas of the technical difficulties to be 
overcome in mining each particular deposit, and 
of the methods lifely to be applied. It is not 
necessary' that he should be able to make the 
application. That calls for skill of another 
character, but he must know, and know surely, 
that some one of several methods, perhaps, may 
be applied, and must be able to approximate the 
cost. It is useless to find and drill placer ground 
where the boulders are too large and numerous, 
or the bottom too hard or pinnacled to permit 
dredging, while the supply of water, of storage 
space, or the grade prevents hydraulicking or 
sluicing. There are dry placers, it is true, but 
if the exploration engineer finds conditions so un- 
favourable he would do well to defer drilling 
until after taking expert advice as to methods 
and costs of dry washing It is also useless to 
spend money on a careful examination of a placer 
property unless there is reason to anticipate that 
the gravel will yield as much or more than the 
cost of working elsewhere under similar condi- 
tions. To determine this, one must know what 
constitutes similar conditions and what usual 
and unusual costs are. It is no part of the ordi- 
nary' training of the geologist to accumulate such 
data, and if he is to succeed in exploration he 
paust draw on the experience of the engineer for 
it, either by serving an apprenticeship under him, 
or having always a competent engineer as an 
associate. The latter is not always feasible, and 
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It is greatly to the benefit of his future if the 
geologist will seive fof a time as helper to a good 
engineer m operating or examination work. It 
will help him to get into the habit of quantitative 
tliinking, and he will learn much of the law of 
averages. For one thing, engineering methods 
of sampling are on a much sounder basis than 
are those of the geologist. It is one of the minor 
tragedies of scientific work that so much high 
thinking is done over non-representative samples. 
Geologists generally have the same naive confi- 
dence as has the prospector and promoter in their 
ability to take a “grab’’ sample which will be 
representative, and this is a common source of 
error and disappointment. 

Having said so much in disparagement of the 
profession which I have long loved, let me add 
that in the study of placers there is no knowledge 
that entirely compensates for lack of clear con- 
ceptions of geologic history’ and skill in geologic 
interpretation. Placers are the products of rivers 
or beach action. Their accumulation is an inci- 
dent in river, lake, or marine history', and may 
be closely correlated with the physiographic his- 
tory of a region. There are definite places at 
which they may be expected to occur, and others 
at which it is useless to seek them. Frequently 
they relate back to ancient rivers and to physio- 
graphic stages in the past whose marks, obscured 
by later changes, may be picked up only by the 
skilled eye, and of which the evidence may be 
correlated only by an active, w^ell-trained brain. 
To indicate the need of supplementary training 
and experience is not to discredit w'hat is sound 
and useful in that already given to geologists. 
While I have drawn my illustration from the 
field of placer mining, a similar argument may 
be made in the case of lode mining, w’here struc- 
ture, secondaiT enrichment, and other phases of 
geology are equally important, but where also it 
is nepessary to know in outline of raining methods, 
especially of the critical limits, both technical 
and financial, of their application. The situation 
is the same in exploration for gas and oil except 
that petroleum teclinology, being newer, is not as 
yet w'ell formulated, and the financial limits are 
more elastic. The rew’ards of success in oil and 
gas production are so much larger in proportion 
to the immediate investment, and the returns are 
so much more prompt, that it is not possible to 
estimate probable costs as closely as in other 
forms of mining. 

Consideration of costs leads one into the larger 
field of economics, a popular branch of learning 
just at present. Aside, however, from this new 
general interest in what was once called “the 
dismal science,” and belief in its applicability to 
present-day problems, thep are permanent 
reasons for the exploring engineer acquiring more 
than a slight acquaintance with economics. 

(To be continued). 


DICTIONARY OF APPLIED PHYSICS. 

A “Dictionary of Applied Physics,” an important 
work which Messrs. Macmillan have arranged to 
publish under the Editorship of Sir Richard 
Glazebrook, is now in an advanced stage of pre- 
paration. 


245 


The w’ork, which is elaborately illustrated, will 
appear in five large octavo volumes, containing 
some 600 to 700 pages each, dealing respectively 
with : — 

I. Mechanics — Engineering and Heat. II. 
Electricity. III. Metrology, Meteorology and 
Measuring Appliances. IV. Metallurgy and 
Aeronautics. V. Optics, Sound and Radiology. 

The Editor has been fortunate in securing the 
assistance of a distinguished body of Contributors, 
and it is hoped that Vol. I. w’lll be published in 
the early part ot 1922. It will contain articles on 
Thermodynamics, the Theory* of the Steam 
Engine, the Liquefaction ot Gases and Refrigera- 
tion, b}' Sir Alfred Ewing. Sir Charles Parsons 
and Professor Stoney, wdth the assistance of their 
respective staffs, have w'ritten on the Steam Tur- 
bine; Sir Dugald Clerk and Mr. Burls on the 
Internal Combustion Engine; Professor Dalby 
on the Balancing of Engines ; and Dr. E. H. 
Griffiths on the Mechanical Equivalent- The 
Editor IS indebted to- Dr. Horace Lamb for 
several articles on mathematical questions con- 
nected with the subject of the volume. Dr. 
Stanton has contiibuted an article on Friction, 
Mr \V. B. Hardy writes on Lubrication, and Mr. 
G. S. Baker on Ship Resistance. Mr. Jakeman, 
Mr. Batson, Mr. Hyde, and other members of 
the staff of the National Physical Laboratory 
have written on Manometers, the Determination of 
the Elastic Constants of Materials, Dynamo- 
meters and similar subjects. Mr. Southwell writes 
on the Theory of Elasticity, and Mr. Landon on 
the application of that theory to Structures. 
Professor Fulton treats of Hydraulics, and Pro- 
fessor Bulleid of the Kinematics of Machinery. 

In the Heat Section, Messrs. Day and Sesman 
have discussed the Experimental Realisation of 
the Absolute Scale of Temperature; and Dr, 
Coblentz, of the U.S. Bureau of Standards, has 
contributed an important article on the Experi- 
mental Verification of the Laws of Radiation. 
Some account of Radiation Theory, with a short 
Article on the Quantum, is due to Mr. Charles 
Darwin; while Mr. Whetham has written on 
the Phase Rule. Articles on Calorimetry in its 
various branches and on Pyrometry have been 
contributed by Mr. Ezer Griffiths; Professor Por- 
ter has written on Thermal Expansion ; Mr. 
Schofield on the Conduction and Convection of 
Heat; and Mr. Higgins on Thermometry, Vis- 
cometry and Flash Point Determination. 

F rom the -above particulars it will be seen that 
success has attended the Editor’s efforts to secure, 
in each important subject, an Article from a 
recognised authority, and this same plan has been 
followed with equal success in the other volumes, 
which will appear at short intervals after the 
fitst. 


PROCEEDINGS OF SOCIETIES. 


SOCIETY OF GLASS TECHNOLOGY. 


The opening meeting of the Sesskm 19^1-22 was 
held in the Applied ^Science Department, The 
University, Sheiffiel^^on Wednesday, October 19, 
IQ2I, M. W. Travers, F.R.S., 
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111 tile Chair. The following papers were read 
and discussed : — 

"'The Coni'paraiive Compositions of Pot Clays 
from the Stourbridge District during the last 50 
years” By G. V. Evers. 

""The Properties of Lime-M agiiesia {Dolomite- 
Lime) Glasses and their Commercial Application” 
By Violet Dimblebv, B.Sc., S. English, M Sc. 
F. \V. Hodkin, B.Sc., and Prof. W. E S. 

Turner. 


NOTES. 


British Developments in Nitrogen Fixation. 
— The synthetic ammonia factor\' at Biliingham, 
designed to manufacture about 60,000 tons of am- 
monium nitrate annually for war purposes, was 
commenced by the Ministry of Munitions early in 
ipi8, but at the time of the Armistice was only 
very little advanced. It has since been taken over 
from the Government by Messrs. Brunner, Mond, 
& Co. Ltd., and is being re-designed to manu- 
facture peace products, chiefly fertilisers. The 
subsidiary company they have promoted, Synthetic 
Ammonia & Nitrates, Ltd., will have a capital 
of £5,000,000, is at present concentrating upon 
designs for an initial plant to produce 25 tons of 
ammonia per day, about 6,000 to 7,000 tons of 
nitrogen annually. Their works are, however, 
being laid out so that this small i^ecleus in^ai- 
lation may be quidcly enlarged to 100 tons per 
day, and afterwards to a maximum capacity of 
300 tons per day, or j^sout 80,000 tons of nitrogen 
annually. The original Government site of 260 
acres is being increased to about 1000 acres in ail, 
and two ship berths on the River Tees have been 
acqiittod. This increased accommodation has 
been found necessary m order to give ample room 
lor the development of the whole scheme, which 
includes the manufacture of a number of by- 
products. There is also to be an oxidation plant 
of a capacity of 10,000 to 12,000 tons of nitric 
acid annually. A British company, Cumberland 
Coal Power & Chemicals, Ltd., has also been 
formed to erect works in England to operate the 
Claude process for the manufacture of synthetic 
ammonia. Information to hand states .that a full- 
size commercial ammonia unit, working at 1000 
atmospheres, is now running satisfactorily in 
France, producing at the rate of 5 tons of am- 
monia per day. The British Cyanides Company 
are continuing at Birmingham their large-scale 
experiments on fixation of nitrogen by the barium 
processj employing fuel-heated furnaces. Though 
these experiments have been partially successful, 
final qondusioBs as to the ultimate possibilities of 
the proems have not yet been reached. The works 
works erected at Dagenham by the Nitrogen Pro- 
duct Company to manufacture ammonium nitrate 
ummg the war period from cyanamide by the 
Oswald process are now closed. — F rom the 
Nitrogen Products Committee, 
Ministry of Munitions. 

The Vacuum Hot-Spark Spectrum of Zinc in 
THE Extreme Ultra-Violet REGiON.^By R. A. 
Sawy^er. — Hot-Spark Vacuum Spectrograph for 
Extrefiie L Itra-Violet . — After reviewing briefly 
the work of Schumann and Lyman, the author 


des ribes the apparatus by w’iuch spectra extend- 
ing to less than 300 A were obtained. As source 
of light, a condensed spark was used which, it 
has been found, can be passed betw^een electrcKlas 
a millimetre or less apart if sufficiently high 
potentials are applied, even in extreme vacuum. 
This source and a specially ruled, short focus, 
concave grating and the slit and the plate-holder, 
each provided with the necessary adjustments, 
were mounted inside a brass tube, a meter long by 
15 cm. in diameter, which ivas kept evacuated by 
a diffusion pump. On account of the gas given 
off by the electrodes, a senes of sparks lasting 5 
seconds could be allo\ved only every 5 minutes or 
so, but 20 to 30 minutes^ total exposure was suffi- 
cient as a rule. After precautions were taken to 
minimize the corrosion of the grating by active 
gases and also fogging due to stray light and 
gaseous discharge, highly satisfactory results were 
obtained. V Itra-V lotet Spectrum of Zinc ^ 2200 to 
316 A — The w^ave-lengths of about 100 new lines 
probably due to zinc, 80 of which are below 1400 
A, are given in Table L, accurate to about 0-5 A. 
See Plate X for spectrogram. — Abstract from 
the Asiropkysical Journal^ December, 1920, hi., 
286-300. 

TjEiE Chemical Industry in Hungary.— The re- 
port upon the Hungarian chemical industry, read 
at a meeting of the National Society of Hungarian 
Chemical Products’ Manufaclurer^ staites ^at of 
the 245 works formerly in Hungary, there are now 
only 175, but there are hopes that before long new 
productive branches will be found. Those re- 
quiring large quantities of raw materials have 
little chance of great development for the 
moment, but manufacture of demi-products is 
promising. In spite of almost insurmountable 
obstacles, the Hungarian works during the last 
few months have not only met home demands, but 
also produced material for exportation, valued at 
several hundred of millions of francs, and 
everything indicates that Hungaiy will play a 
prominent part in the south-east of Europe, as 
soon as the restrictions now existing -are abolished. 
The entire chemical industry is reviving, although 
Hungary has lost her salt works and those for 
manufacturing explosives, paper, and ethers. On 
the contrary, the manufacture of pharmaceutic 
and organic products is very flourishing. In the 
event of a good harvest, the alcohol, bone, ferti- 
liser, starch, oil, and margarine industries will 
revive. Manufacture of soap, candles, colours, 
varnish, artificial silk and rubber is satisfactory, — 
Industrie Chimtque^ September, 1921. 

Mr. Edmund White, B.Sc., F LC., ex-P resi- 
dent of the Pharmaceutical Society of Great 
Britain, delivered the inaugural address when the 
Welsh College of Pharmacy was opened at Car- 
diff on Wednesday, and the medals and prizes for 
last year’s work were presented to the successful 
students. Mr. White said that he had inspected 
the new College, and w'as very pleased with what 
he had seen. Cardiff was certainly among the 
first technical colleges to carry out the pharma- 
ceutical training of students, and their school was 
one of the best. Principal Coles, reporting on 
the work of the department in the last session, 
said 15 students passed the Pharmaceutical 
Society’s examinations and were now fully quali- 
fied chemists ; nine of the previous year’s students 
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had also passed. F or the present session they had 
55 full-time students, including 21 ex-service men, 
as compared with 22 last 3xar. This showed that 
the school was becoming better known, and, as 
far as he knew, it was one of the biggest depart- 
ments of its kind in the country. Out of the 15 
students who passed the full test last session 
three were ladies. 

Zinc Concentrates.— The Board of Trade 
announce that they have instructed their agents 
in Australia to ship a supply of Broken Hill zinc 
concentrates to this country, and will be prepared 
if desired to maintain supplies to meet the imme- 
diate 'requirements of smelters in the United 
Kingdom. In order to enable smelters to re-start 
their works and provide employment, the Board 
will be prepared to consider olfers for these con- 
centrates delivered at ivorks Offers for future 
deliveries over a period will also receive con- 
sideration. The British Metal Corporation, Ltd., 
of 3, Abchurch Yard, London, E.C.4, have been 
appointed the agents of the Board of Trade for 
all business relating to concentrates for disposal 
in the United Kingdom, and all enquiries as to 
prices, terms, &c., should be addressed to the 
Corporation. 

Tiie Sixth Annual Report on the ivork of the 
prescription pricing department of* the Cardiff 
Insurance Committee, which prices chemists’ pre- 
scriptions for the insurance committees in Wales 
and Monmouthshire, and for the Welsh National 
Memorial Association and the Pembrokeshire 
County Council, $hows that the number priced in 
iq20 was 1,^70,184, representing an increase of 
31,562 on the previous year. The average number 
of prescriptions per insured person was approxi- 
mately the same as for the year 1916,^ but the 
average prescription cost per person increased 
from IS. 6*37d. in 1916 to 2s. 8- 53d. in 1920 In- 
creased ingredients cost and higher dispensing 
fees are responsible for the average cost per pre- 
scription being 4id. more. The net expenditure 
of the pricing department for the year was ;^;2,243. 

Platinum metals may be detected by the “glow 
reaction” of Curtman and Rothberg as used by 
Logan (“Platinum and Allied Metals in Califor- 
nia : Cal. State Min. Bur,, Bulletin 85, 1919, p. 
102). The test depends on the catalytic effect of 
finely divided platinum metal in the oxidation of 
illuminating gas. The material to be examined 
IS dissolved in aqua regia and the test applied 
without any previous separation of elements 
The test is more sensitive if the solution is not 
toq acid. A, very thin piece of asbestos paper, 
held by one end with tongs, is alternately dipped 
into the solution to be tested and heated until 
about 0*2 cubic cm, has been absorbed. The as- 
bestos is then heated to redness, cooled until the 
redness is no longer visible, and* then thrust a>t 
once, while still hot, into a stream of mixed gas 
and air from a Bunsen burner which is regulated 
to deliver the mixture at a rather low pressure. 
If platinum is present the asbestos glow*s for some 
time. WHien destroyed the property of glowin;^ 
can be restored by heating to redness again. The 
test is made more intense by using warned g5is 
and ia said to be sensitive to 0*002 mgrm of plati- 
nt|m, a*ooj mgrm. pf iridium, o*oooq mgrm. of 
riyaoWh, md , 0^0095 mgtm. of palladium, but 
does no^ reveal .the presence of osmium or 
ruthenium. ' 


Variations of the Catalytic Power in 
Electroplatinosols. — In a previous communica- 
tion, M. A. de Gregorio Rocasolano noted some 
observations regarding the ageing of colloids, in 
a study made within an interval of some days, 
upon the variations of their catalytic power. He 
continued this study, directing his work to the 
processes of evolution continually undergone by 
colloidal systems, verifying the fact in some cases 
that the colloids, regarded as catalysers, undergo, 
even in very short periods of time, intense yaria- 
tions in their catalytic povrer. In one experiment 
with electroplatinosols, decomposing hydrogen 
peroxide during 30 consecutive hours, a reaction 
was produced w*ith the same electroplatinosol of 
o’Ooi6 per cent divided into two parts, one without 
stabilisation and the other by adding 0*3 cubic 
cm. of aqueous gelatin solution at the rate of 3 
per cent of colloid. All the reactions studied 
were obtained in similar conditions. These ex- 
periments demonstrated that not only does the 
catalytic power of electroplatinosols vary in each 
case, even wdthin very small periods of time, but 
that these variations are much more intense in 
non-stabihsed colloids than in the same systems 
stabilised. These variations are ascribed to the 
incessant differences in composition (concentration 
in oxygen) of the dispersed particles with the con- 
clusion that the stabiliser acts by checking the 
processes of constant transformation in the col- 
loids . — Comftes Re^idtis July 4, 1921. 

Artificial Resins. — The various sources of arti- 
ficial resins are discussed by Mr. A. Tschirch in 
Seifej Nos. 28-29, 1921. Aldehyde resins are 
obtained by polymerisation of acetic aldehyde 
under the influence of alkalies. Methylene-phenol 
resins, by condensation of phenols (bepzophenoi ; 
cresol; naphthol) and formic aldehyde (or 
its derivatives trioxymethylene, paraformalde- 
hyde, hexamethylene-tetramine) in presence of 
condensation agents (chiefly HCl). There are 
several qualities in industry, viz., a substitute for 
shellac which is fusible and soluble in ordinary* 
solvents, e.g.^, laccaine, saliretine, medolite, &c. 
A second variety (amber substitute) is insoluble 
and infusible. This resin contains more form- 
aldehyde and often a base (NH,NaOH), e.g.^ 
novolac, resinite, resite, bakelite C. Various 
formaldehyde resins are made by condensing 
formaldehyde with other compounds than phenol, 
such as methyl diphenylamine, naphthaline, ^c. 
Coumarone resins are the products from condensa- 
tion by S04Ha of indcne and coumarone, con- 
tained in heavy benzols (boiling at 160° to 180® 
C.), A great number of other reactions give 
resinous substances, e.g^j. the action of formic 
aldehyde on lactic acid from which a bone-like 
substance is obtained. Likewise, the lignin from 
sulphite liquor in cellulose manufacture gives 
resins for which there are already uses. — Chimie 
et Industrie j, July, 1921, 


BOOKS BECEIYED. 

“Bleaching,” Being a re^umi on th^ important 
researches on the i^ustry dnri^ the years 
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los. 6d. 
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particulars with drawings and price to Box 846, c/o Scott & Son, 
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THE HYDROXYL RING. 

By H. T. F. R *ODES. 


This question has already received some attention 
{Rhodes, Chemical News, iq , cx ,, ), 

but only the general outline was considered, and 
it is now proposed to discuss with more detail the 
position of the hydroxyl ring in those salts which 
fonn hydrates, and which are wont to be des- 
cribed as possessing “water of cr^^stallisation.” 

For reasons which will appear hereafter it is 
desirable to make allusion here to the addition 
products which sulphur trioxide forms ivith 
water : 


O O 

1 ! ^ II 

S = 0 — >• S \ 

11 II ^OH 

O 0 
(l) {21 


OH OH 

1 .OH OH. I yOH 
0 -S< ?-^ >s/ ? 

1 ^OH OH/ I \OH 
OH OH 

(3) f 4 > 


able that the mono-hydrates XY-H^O might be 
true hydroxyl compounds analogous to formula 
{3) above. This supposition — ^because of the 
higher dissociation temperature of most of the 
mono-hydrates — has frequently been advanced, 
but beyond this somewhat slender evidence, no 
additional facts m support of the structure 


OH 



OH 


have been forthcoming. 

This question was therefore made the subject 
of investigation (Rhodes, El Congreso de Oporto 
Los aminos, los hidro-ammos y los hidratos del 
suifato de cobre, July^ iq2i). 

It is, of course, a well-known fact that acqueous 
vapour will replace the ammonia, group for 
group, in the compound CnS04.5NH3; and it was 
thought not improbable that the behaviour of the 
pentahydrate of copper sulphate in the presence 
of dry ammonia gas might throw some light on 
the relation between the compounds CuSO^.sNHg 


iS 



This is, of course, elementary except in the ca^ 
of the last two compounds, HaSO^.HaO and 
HaSO^.sHgO the structures of which are doubtful, 
but to which allusion will again be made. 

This hygroscopic quantity of sulphur trtoxide 
will now be considered in relation to water ol 
crystallisation. The author has already sbowr 
IF^iades, La hygroscopisidad y el aqua de 
cristalisaqiop;, Universidad de Sevilla, 1020) that 
all salts when deprived of their water of crystal- 
lisation are hygroscopic. But it appeared . 


and CuSOi-sHaO. 

The action of dry ammonia gas on the penta 
hydrate proved to be interesting. The salt gained 
in weight until a compound corresponding to Ifhe 
formula CuS04.5HsO jNHj was obtained, *^0 
ammonia then began to replace the hydro^l 
The final product proved to be the weli- 
knowB tetrammino. mono hydro cupric sulphate 
GuSO4.4HH..Ha0. . ^ ^ 

’ This would|seerfto make evident the structure 
fthe mohcmydrate of copper sulphate. Water 
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is known to replace all the ammonia in the 
pentammine, but ammonia, under the same condi- 
tions can replace but four molecules of water. 

It has been shown that the formula of the pent- 
ammine cupric sulphate may be represented by 
the structure 

cu:'^^:soj 


(Rhodes, £1 Congreso de Oporto, loc. ciL). 

But the pentahydrate cannot be analogous to 
this 3 since only four hydroxyl groups are 
replacable by ammonia. The formula must there- 
fore be represented thus : 


Cu 



OH 


natural and plausible. 

In the present state of our knowledge, there- 
fore, it is necessary to accept the trial hypothesis 
that in these cases where the hydroxyl ring does 
not separate anion and cation, the metallic ion is 
retained within a ring or shell of water. 

This is an interesting view since it seems not 
impossible that the hydrolysis of some salts such 
as the chlorides of aluminium and magnesium 
may be effected by the presence of this hydroxyl. 
The abnormal behaviour of chromium and 
aluminium salts upon electrolysis is al^ possibly 
due to the structure of their hydrates ; it is hoped 
that this matter will receive consideration later, 
but the data available at present are not sufficient 
to ment special notice at this time. 

Conclusions. 

It IS only necessary to add that four classes of 
hydrates are now recognised : 


In considering the possibilities with regard to 
the position of the hydroxyl ring it is 
necessary again to consider the compound 
CuS0*.sH,0.3NH3. 

This triammino pentahydro cupric sulphate 
would not be formed if the ammonia were asso- 
ciated with the hydroxyl ring, since under these 
circus tances direct substitution, without the for- 
mation of an intermediate, would result. The 
formula of this compound must therefore be 


Cn 


OH 

• 0.1 /NH,. 

>NH3 

. 0/ 1 ^NHg/ 

OH 


It must be admitted that this evidence in favour 
of the position of the hydroxyl ring is not con- 
clusive, but it is, nevertheless, not founded upon 
mere hyijothesis. The validi^ of the evidence 
rests upon the existence of this triammino penta- 
hydro cupric sulphate which is an extremely un- 
stable colloidal compound ; but instability does 
not render unjustifiable an assumption as to its 
structure, and its ammonia content corresponding, 
as it does, to (3NH3] supports, aitbough it does 
not definitely substantiate, this view. The forma- 
tion of these colloidal hydroammino compounds 
is also an indirect but interesting confirmation of 
the work of Kuniloff {Ann. Chym. Phys.^ 1906, 
viii., 568). Allusion has already been made to 
the fact that the assumption that ' the hydroxyl 
ring divides the anion and cation is in general 
agreement with the conclusions that Ephraim and 
BoUe and Ephraim and Millman (loc. cit.) appear 
to have arrived at. 

But this does not dispose of a large number of 
other hydrates the question of whose structure has 
already been discussed (Rhodes, CHEMICAL NEWS, 
lac. cit.). 

It has seemed desirable, m agreement with 
McLeod Brown {Chemical News, No. 2833, cix., 
123) to dismiss as improbable a structure which 
assumes that the hydroxyl ring is attached to the 
oxygen atom of the anion \ as well as the “gravita- 
tional” theory, which was, at best, a clumsy 
hypothesis. ^ 

The theory of Kohlrauch (Proc. Roy. Soc.^ 
1903, ixxL, 338) concerning the mechanical reten- 
tion of some metallic ions within a “shell” of 
water seems therefore the most satisfactory hypo- 
thesis, and its application to those hydrates con- 
taining six or twelve molecules of water seems 
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5 3OH 
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It will be found possible to classify the greater 
number of hydrates in this way There are, of 
course, exceptions, some of which have already 
been considered ; these, however, are not 
numerous, and, when more data are available, 
they will receive special consideration. 

Note . — The author wishes to express his thanks 
to Miss I. Watt, Member of the Pharmaceutical 
Society, and to J. H. Jackson, Esq., J.P., both of 
whom made it possible for him to complete his 
work for the^ Congress of Science held at Oporto 
in July of this year. Through circumstances over 
which he had no control, the writer was compelled 
to cut short his work at Seville University, and to 
complete that which remained to be done in 
England, under conditions of some difficulty. 
Both of the above most kindly lent the writer 
apparatus, and in general rendered him most 
valuable assistance. 


Royal Institution— A General Monthly Meet- 
ing of the Members of the Royal Institution was 
held on the 7th inst.), Sir James Crichton-Browne, 
T^reasurer and Vice-President, in the Chair. Dr. 
W. A. Bond was elected a Member. The Special 
Thanks of the Members were returned to Mrs. 
Williams for her gift of personal notes of Davy’s 
Lectures at the Royal Institution made by Thomas 
Harrison (Secretary R.I. 1818-24) and 22 books of 
the Works of Cicero, Horace, Hippocrates, and 
Wanng, formerly in his possession. The Chair- 
man reported the deaths of the Earl of Ducie, Mr, 
J. H. Balfour-Browne, and Professor G, Lipp- 
mann, and resolutions of condolence with the 
families were passed. 


roTOmbM^fip^i*] Represeniaiion of Certain Heterogeneozts Equilibria ^51 


THE GRAPHICAL REPRESENTATION 
OF CERTAIN HETEROGENEOUS 
EQUILIBRIA. 

By A. C. D. RIVETT. 

The ordinary graphical representation of solu- 
dlity relations of solids (that is to say, of eqni- 
ibria between solids and solutions) implies cer- 
ain conclusions which cannot be justified. 

In numerous text-books ^nd treatises on the 
^hase Theory, as well as in original memoirs, 
t has become customary to represent binaiw 
ystems, usually examined under an arbitrarily 
elected pressure sufficiently great to prevent 
apour formation, by composition-temperature 
iagrams, of which Fig. i may be taken as a type 



A P B 


Fig. I. ^ 

Percentage compositions (by weight, atom, oi 
nolecule, as may be preferred) are plotted along 
he axis of abscissae, the respective ends of it 
epresenting pure component A or B. A point such 
LS f indicates a mixture, or may be a compound, 
)f which per cent is component A and fA 
>er cent is component B. Temperatures are 
dotted along the axis of ordinates. 

The curve ab (or ed), termed a ‘‘solubility 
:urve,” gives solutions commonly stated to be in 
iquilibrium with solid pure A (or B), that is, 
vith a solid represented in composition by any 
joint on the vertical line af (or ek). Any mix- 
.ure of mean composition corresponding with a 
joint in the area afb (or edk) will separate into 
Jure solid A (or B) and a solution on ab (or ed). 

Now in discussing the question of the immisci- 
jility or othei^ise of metals in the solid state, 
\lkins has pointed out (in a communication not 
^et published) that the Phase Rule requires 
variation in the solid phase in binary systems to 
:orrespond with variation in the liquid phase. 
The argument is that as a condensed binary 
system in two phases can have but one degree of 
freedom, therefore, with any selected solid, say 
pure A, there can be only one liquid in equili- 
brium, and that at only one particular tempera- 
ture. For any other liquid the solid must have 
mother composition, and the temperature must 
be different. 

This conclusion is quite general. The “solu^ 
bility curve of a component*’ is not what the des- 


cription implies. The curve gives compositions 
of a series of solutions each in equilibrium with a 
separate, distinct solid. The variations in com- 
position of the solid may be slight, but they 
cannot be zero. Particular cases will differ in 
degree only. This, which applies to the curves 
ab and ed of Fig. i, applies equally to any inter- 
mediate curve such as bed. bed would generally 
be described as the curve giving all solutions 
which can exist in equilibrium ^\dth a definite 
solid compound having the composition of the 
turning point that is to say, with a solid repre- 
sented by any point on the vertical line cf. If, 
however, it were this, it would follow that solu- 
tions ni and Oj for example, being each in equi- 
librium with the, same solid («), would be able to 
exist in equilibrium with one another. As a 
matter of fact, they cannot do so. In whatever 
proportions these liquids be brought together, a 
phase reaction always occurs giving a solid and 
more or less (in one case, none at all) of a single 
liquid of the same composition as one or other of 
them. Or again, if the interpretation quoted were 
correct, there would be a range of selection of 
temperatures at which three phases (two liquid and 
one solid) could co-exist. This, however, is im- 
possible, since a three-phase condensed two- 
component system is invariant. Nor is it possible, 
as the diagram suggests, <rfor four phases, namely, 
solid A (/), solid f (g), and the liquids b and k 
to be in equilibrium under an arbitrarily selected 
pressure. 

It follows that the correct form of the general 
or typical diagram is of the type shown in Fig. 2. 



This shows that the composition of the solid phase 
(represented along the curves af^ gcg\ or ek^ as 
the case may be) varies, however little, as the 
composition of the liquid phase (represented along 
abj bedj or de^ respectiveh^) varies. Incidentally 
it follows that the turning-point, is only one of 
a series of varying solids, though one that is 
unique in that it has the same composition as the 
liquid with which it^ is in equilibrium, this being 
the necessary condition that the curve shall have 
a turning-point. It follows, too, that the solid 
which separates out during cooling of a solution 
saturated an ^pper temperature will not be of 
uniform composition. The range of variation 
may or may not be large. 
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An argument quite similar in kind may be 
applied to ternary' systems. The usual representa- 
tion of a typical condensed isotherm is given in 
Fig. 3, where, say, A is a solvent and B and C 
are solid salts. B and C are assumed to form, 
in integral molecular proportions, a ‘double salt,” 
or compound, D 



to exist in equilibrium with one another — an 
obvious absurdity. Or again, D can exist with 
•solution b and solid B ; also with solution c and 
joUd C Hence the five phases represented, res- 
pectively, at B, D, C, ^ and c can exist together 
in a condensed system at the arbitrarily chosen 
temperature of the isotherm. This is in contra- 
diction to the Phase Rule. There cannot be more 



Fig, 4. 

than three phases in equilibrium in a temaiy’ 
i^ystem if temperature and pressure be arbitrarily 
iixed. 


The Phase Rule, in fact, requires for this case 
relations such as are diagrammatically repre- 
sented in Fig. 4. 

Instead of the solid phases in equilibrium, res- 
pectively, with solutions along the curves abj bcj 
and cd being represented by points B, D, and C, 
they must be represented by lines b'b'^ , d'd\ and 
c^c” ^ however short these lines may be; and since 
of course the component A also must enter into 
these solids, these lines will lie wholly in the 
ternary region except fhat one end of the first (b') 
and one end of the last (c") will be on the corre- 
sponding binary sides of the triangle. This then 
will show that there is a distinct composition of 
solid for every composition of liquid. 

A similar argument may be applied to higher 
systems. Variation of solid phase with variation 
of liquid is the general rule, and this may be 
stated also in the form that mixed-crystal (or 
solid solution) formation is general in the solids 
which separate from solutions Considerations 
of like kind hold, of course, for phase equilibria 
between solids only. It is advisable not to over- 
look these facts in our customars’ diagrammatic 
representations of heterogeneous equilibria, since 
to do so implies relations which are impossible 
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THE CHEMIST IN THE STEEL AND 
IRON INDUSTRY. 

A Few Thoughts on his Experiences, Training, 
Status, and Influence on Manufacture. 

By C H. RIDSDALE. 

\yHEN yolf did me the honour m~e tlT 

give you an address, andT^iyfeiTst leaving the sub- 
iect open, intimated that “some reference should 
lie made to the status of the chemist in the steel 
industry as it stands to-day,” I felt at once that 
this subject itself might be worth your considera- 
tion, and that you would perhaps bear with me if, 
instead of ^ giving you something technical or 
formal, I simply submit for your consideiation a 
I few thoughts which have been borne in on my 
mind from time to time in the course of my life 
experiences, and as to which I shall hope to learn 
\our views in the discussion. 

I suppose most of you are works’ chemists — 
many of you in iron and steel works — and if so, 
you are a body of men for whom I have always 
had a very warm place in m> heart, for although 
my early chemical training was in a public labora- 
tory under Dr. Stead, and I am again back into 
public practice, for- the intervening 37 years I 
was a works’ chemist in the iron and steel indus- 
try*, so I can claim to be one of yourselves. 

In that capacity I have had the engaging and 
training — so far as the limited conditions of works 
practice permit it — of a very large number of 
young ^ chemists, and have followed every detail 
of their progress from the boy who has just left 
school, onward until he has in many cases become 
a highly competent chemist or works’ manager. 

Many of you are young men setti ng out to 

address given to the Glasgow Branch of the British Associat on 
ot Chemists, October tg, 1921. 




Ckemist ifi the Steel and Iron Industry 


253 


climb the ladder to fame, and I shall feel it a 
privilege as well as a duty if anything I can tell 
you will enable you to improve your position and 
get fuller value out of life. You can be sure I 
am not theorising, but giving you conclusions 
drawn from my own experience in a practical life, 
under conditions where no attempt was made “to 
temper the wind to the shorn lamb.” 

A chemist instinctively, whether conscious of it 
or not, analyses not only materials, but ideas and 
prett>' well everything which comes under his 
observation, and, true to his instinct, whatever he 
finds he feels bound to report, no matter where the 
results lead to. This is because he who is truly 
a chemist at heart, and has not simply been pitch- 
forked into it, or taken it up with the idea that it 
is "a nice soft 30b,” is essentially a seeker after 
truth, and to a large extent, an idealist. 

Mr. Pilcher, Registrar and Secretary of the 
Institute of Chemistry, in a book he has pub- 
lished, quotes Beecher’s description of chemists 
as “a strange class of mortals, impelled by an | 
almost insane impulse to take their pleasure 
among smoke and vapour, soot and flame, poison 

and poverty One singular resemblance 

betw’een Holy Orders and the practice of Chemis- 
try — the practitioner is supposed to receive part 
payment from his temperamental delight in the 
subject itself.” 

This seems to me an apt description, and was 
particularly so of the chemist in the basic 
Bessemer shop, though in open-hearth plants, and 
with the present better pay, it loses some of its 
cogency. 

Still, the chemist is often regarded by the other 
men in the w^orks with a certain amount of awe, 
and as being associated with mystery; just as the 
alchemist in the old days was — like Faust, gener- 
ally associated with the devil. 

In my earliest steel-works experience the labora- 
tory was known as “The Doctor’s Shop,” and 
although this designation had reference primarily 
to the bottles and coloured liquids, yet it soon 
justified the appellation, for as there was no 
ambulance installation, we got a collection of lint, 
bandages, sticking plaster, carron oil, &c., and 
gave first aid in cases that were not too serious, 
and in one year of which I kept a record, we 
treated 1000 cuts, bums, scalp wounds, &c. Nor 
was it altogether unknown for a chief chemist to 
keep quinine, toothache mixture, cocaine, and a 
ftw other simple medicaments for assistants 
having slight ailments but not wanting to leave 
their work.’ 

And .‘this reminds me that one of the most 
pleasing features of the chemist’s profession is 
the wonderful variety of experiences to which it 
may lead. What a romance there is in the life 
if the proper attitude of mind is maintained ! 
"What a number of avenues open out ! Why, it 
has never seemed to me that even a pirate’s life 
had the glamour that a chemist’s offers. And 
surely horse-racing cannot offer more thrills than 
the intensely eager interest with which one awaits 
the result of the referee chemist’s finding in an 
important dispute case. 

I dare not commence to give you any of my own 
reminiscences, or I should go on too long and 
weary you. But to get this feeling of romance, 
one must take the right interest in one’s work. 
The man who takes a keen interest in, or^is en- 


thusiastic about his work, not only turns it into a 
sport, but materially adds to his own worth. 

Every employer values one who does so much 
more highly, and will, when it comes to a test, 
give better pay or privilege to retain him. 

There is, of course, ^me monotony and 
drudgery. All work has it. In fact, nothing 
really great is achieved without it. Remember, 
''Per Ardiia ad Astra” Works’ chemists^ have 
great responsibility" ; for instance, even junior 
assistants are held responsible for the passing on 
their analyses of large casts of steel, a single one 
of which during the war might be worth 1,000. 

The work of the chief chemist may cover an 
enormous range which I cannot attempt to 
enumerate, but they have to deal with the accept- 
ance of raw materials and the passing for des- 
patch of manufactured materials which in one 
year may be worth millions of pounds, and have 
also the technical control throughout manufac- 
ture It has seemed to me that on the Continent 
their importance is generally more fully recog- 
nised than here, and their position ranks higher. 

I doubt if anyone gets a more thorough knowledge 
of what is going on throughout a works than the 
chief chemist. 

Chemists have to deal with materials and 
forces — and use them as tools or weapons — ^which 
may be very dangerous if handled carelessly, 
though they are not dangerous if handled with 
proper knowledge and judgment. It is the 
balance and correct sense of proportion acquired 
by the nature of their training which should render 
their influence so valuable as they mix in the 
world, and which should automatically become 
disseminated amongst those around them. 

Meanwhile, I think you will all agree that 
chemists not only are of great use in the world, 
but could be of still more use if it would learn 
how to avail itself more fully of their services, 
and they must try to show it how to do this. 

You will, I feel sure, agree too, that the status 
ought to be improved. Let us see exactly what 
status means. 

My dictionary — and therefore, of course, the 
best — defines it as “condition, social standing or 
place, rank.” You will note it is not primarily 
a question of money — and I think for our purpose 
it might be expressed as the good opinion or value 
which others sfontaneously accord — for you 
cannot force spontaneous good opinion. 

Now the chemist’s value is not simply measured 
according to his technical ability. One great 
value, inculcated "both by the essential nature of 
his training and occupation, is the attitude of 
mind which these, perhaps more than in any other 
profession, tend to induce and develop — ^precision, 
accuracy, reliability, truth, and resourcefulness. 
In short, his mental attitude may be one of the 
main factors in the improvement of the status of 
the chemist. 

The power and value of a right mental outlook 
and of other things which may seem irrelevant 
have been realised more and more of late by hard- 
headed practical men, hence we now have all sorts 
of psychological questions which a few years ago 
were rarely mentioned or though^ of as connected 
with business, seriously studied and set forth — for 
example, qtmstions of fatigue, and welfare work 
generally. 

As this address has for its primary object the 
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welfare of the iron and steel works’ chemist, I 
ask you to bear with me in my mention of some 
of such questions. 

I suppose^ looked at broadly, each of the 
chemical societies aims at doing a sort of welfare 
work for the particular section it represents.^ I 
only give a brief impression of the outstanding 
features which differentiate thern. 

The Chemical Society ^ by eliciting, collecting, 
and publishing for the use of its members, papers, 
new facts, and researches,^ covers practically the 
whole range of pure chemistr>^ 

The Society of Chemical Industry by doing the 
sar^, chiefly with regard to the industrial appli- 
cation of chemistry. 

The Society of Public Analysts devotes itself 
mainly to the progress of analytical chemistn*. 

The Institute of Chemistry^ being ‘‘primarily a 
certifying body {Proceedings, Part II., April, 
iqiS,. p, 39K as such seeks to elevate the profes- 
sion ; by setting up a particular standard for 

admission, which it expects wull obtain from the 
public, recognition that its members are of a 
somewhat higher status than those who are not 
members, and, as a gauge for which, it bolds 
examinations; secondly, by indicating a precise 
course of training which prospective candidates 
should undergo to fit them to meet that standard ; 
and thirdly, by suggesting minimum rates of pay- 
ment for certain ^itionss l^eeping an appoint- 
ments’ register, and in similar ways endeavouring 
to members finapciaHy, Those ’vrho 

1 ^ regarded by the Institute readljiliig its 
^smdard^ are reatdred to present &€mselv€s im 
^xamina^o®, or to satisfy it In some, other speci- 
fied way. 

As regards these the first especially, 

seems to to entail a 4 ®cnlty which might be 
to thai when using a square- 

meS&ed : sieve to separate small material from 
larger; a great deal of small is removed, but also 
it often happens that an appreciable proportion 
of :piece$ which have quite as much volume and ; 
weight as the average piece left on — and some- 
times more — are not retained, but rejected with 
^le small, just because ^ey are of a less usual 
shape than the average lumps. 

They may even be pieces two or three times as 
long, and heavier than more cube-shaped pieces 
retained, but they are lost just because they were 
undersired in one particular dimension, and would 
perhaps just go through corner-wise. So too, on 
die other hand, in spite of careful sieving,, a cer- 
tain number of pieces smaller -than are wanted 
are inevitably retained. 

It, would seem quite reasonable from its own 
st 3 sid-|K>mt that any society should make its own 
rules for admission to it, and for gauging the 
gpahfications of prospective members, but when 
it seehs, or tends to become, a measure of qualifi- 
cations generally in that particular line, then 
those who believe themselves to be equally quali- 
fied, hut for reasons which they consider adequate, 
do not or cannot comply with the prescribed con- 
ditions, perhaps not unnaturally feel ag^eved, 
as 0 ey are srdijected automatically to an implica- 
tion of lower status. I know this is the view of 
some industrial chemists holding important posi- 
tions. Thus, in the Institute’s case, having a 
Charter, and its dictum carrying a certain weight, 
it naturally draws criticism not directed to socie- 


ties the procedure of which does not bring about 
similar differentiation. This is the more so be- 
cause there are some members who would go even 
further, and strongly advocate making analytical 
chemistry a close profession. 

(To be continued 


TRAINING 

FOR FOREIGN EXPLORATION.* 

By H. FOSTER BAIN. 

X>xref^r United States Bureau of Mines. 

(Concluded fsom p. 245) 

MTNER.ALS are the law materials on which are 
based numerous industries and the conditions which 
limit their use are the same in many particulars 
as are those which unduly aid industry in a given 
region. Security of title, stability of government, 
availability of labour, adequacy of financial sup- 
port, these are all matters to be considered by 
economists. Here again the exploring engineer 
may to his own advantage draw on a fellow pro- 
fessional for methods and data. His own train- 
ing prepares him to judge as tp the material. 
Matters concerning men and money are, however, 
equally important, since lest of his results is 
whether he has found something whkh may be 
produced with reason^e expectation of profit. 
The subject is loo large for discussion here. I 
may inerely mention a few items by way of illus- 
tration. 

One of the assumptions too commonly made is 
that low wages necessarily means cheap produc- 
tion. This may or may not be true. It is largely 
a matter of efficiency. It it requires, as it some- 
times does, six miners of one race to do the work 
of one of another, it must be clear that paying 
wages in the ratio of one to six does not lower 
costs. Not only that, but the final cost of pro- 
duction with such “cheap” labour will be higher 
because of the larger number of working faces 
necessary in the mine, greater amount of equi]^ 
ment, the extra supervision and housing, the 
higher accident ratio and other matters, all of 
which enter into the final cost On the contrary, 
one must not conclude that raising wages 
cheapens production. It only does so when in- 
creased efficiency results from the added desire 
on the part of the men to hold their jobs, or when 
it enables a particular employer to attract the 
better men from others. Generally, added effi- 
ciency in labour is purchased at an increased cost 
per unit, just as the added speed of a fast steamer 
trails for more coal per mile than when driving 
at a slower rate. It is al^ to be remembered that 
thete are natural inequalities in efficiency and in 
the economical rate of speed of work as between 
men. These can only be changed slowly. 
Another^ factor to be constantly kept in mind by 
the engineer is that one of the costs of a new 
enterprise is that of attracting labour to it from 
existing industries. It may usually be safely 
assumed that the people of any district are already 
employed. If they do not vrork they generally 
starve. What they are doing may seem relatively 
unimportant to the visitor, but it assumes another 

■►Fcftiy-eigj&tli Animal Commencement Address, delivered on April 
29, i92r, andrepdn^ from the BuUgtin of die School of Mines and 
Metallurgy, Umvendiy Missenn, Jtme, 1921, No. 3, vol. xSi. 
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aspect to them. It is necessary either to import 
men already accustomed to the industr>% usually 
at material expense, or to tempt workers out of 
some other line itto the new one, and then to 
train them to it. This requires both time and 
money. The importance of the time factor arises 
from its effect on the present v^lue of proposed 
investment. To illustrate : deferring the initial 
returns for two years decreases by 14 per cent the 
present value of a series of dividends running ; 
through 20 years at 8 per cent, assuming accumu- | 
lations at 3 per cent. The actual result varies 
with the assumption of time and rate, but the 
essential fact is that mere delay is expensive. 
When this delay is coupled ivith upkeep charges 
it is even more serious. This whole matter of the 
possible and probable rate of continuity of pro- 
duction is one of first importance in determining 
the availability or value of any mine or prospect. 
Into it enters also the various questions of market. 

I have already indicated my reasons for believing 
that, whatever may be the depressing facts of the 
immediate present, we may safely assume a con- 
tinued demand for metals. This demand will, 
however, var>^ from time to time both for the 
group as a whole, such variations being due to 
general causes outside the industry itself, and 
also as relates to each metal It is necessary to 
study problems such as expansion of use, «;ubsti- 
tution, periodic demand, and similar matters far 
aside from ordinary class-room instruction. As 
regards a particular enterprise, it is necessary in 
'feing capitalisation to make assumptions not only 
as to the probable average price of output during 
the fife-time of the investment but also the maxi- 
mum and minimum to be assumed, the probable 
period of duration of each, and if, as is occasion- 
ally true, some guess can be made as to the im- 
pending swing of the pendulum, it will be of 
great assistance. A property is financed on the 
l^sis of average returns through an expected life 
determined by consideration of numerous factors. 
A company in which capital is so adjusted to 
income may nevertheless fail if not prepared to 
withstand a temporary period of low prices, while 
if high prices may be safely assumed in the near 
future it is possible to finance the enterprise from 
earnings to a considerable extent. There is one 
general rule— the old one, that a ^^bird in hand is 
worth two in bush.” This is sound, not only be- 
cause of the risk attached to the question of 
acquiring the two theoretically in the bush, but 
feecause the oae in hand, if a good hen, may lay 
tlitromgk waiting period. The dollar of 
to-day m wortfe naore, normally, than the dollar 
•whkh is to be paid some years later because it 
may earn for you interest meanwhile. This prin- 
ciple of the greater value of quick returns when 
astutely used is a great help in bargaining. 

It happens that there are many minerals that 
are only of important value when properly related 
to others. Iron ore, coking coal, and limestone 
form a trinity. Nothing is of less value fhan^ a 
large deposit of pure iron where it cannot b6 imed. 
The value of iron ore is less a matter of the ct- 
tent and composition of the deposit than the 
€mt oi raw materials at a suitable point 
for iron af^. steel. Such matters 

^^r from the province of the 
piormg but ail around tie world ane 

wrecks of business enterprises where 


spent to find and develop raw materials without 
adequate study of competition and market con- 
ditions. The exploring engineer who disregards 
such problems limits his usefulness and the re- 
wards that he may expect 

Just as any engineer starting for a far 
country' carries in addition to instruments, food, 
and engineering supplies, a personal kit, so_ there 
are accomplishments that are as desirable if not 
necessary' to the exploring engineer as his know- 
ledge of mathematics and geology. He must 
know how to keep himself and his men in good 
health or his expedition will fail. He is the 
scout of industiy and often the pioneer of civilisa- 
tion. When he goes into the wilds the health 
risk is often the greatest personal danger faced. 
Even when he goes to older settled countries the 
conditions of life differ from those in his own 
home, and care is necessary. With care it is 
possible to live and work in almost any coimtry. 
It is now known that where it is worth while to 
do so, even tropical jungle lands may be made 
safe and sanita^\^ To do this involves heavy ex- 
penditure not \varranted in exploration, so that 
the pioneers assume risks not necessarily met by 
the operating forces that come later. The ex- 
ploring engineer would do well to look carefully 
to his own physical condition, and watch closely 
the food, drink, and habits of his party. Learn 
and enforce proper rules as to camp sanitation. 
One careless man may wreck an expedition or 
cause long and expensive delays. It is generally 
true that the most suitable food is the food of the 
countiy\ but the exceptions are numerous and 
the cost of a mistake serious. Until the facts in 
each instance are established, it is a justii^le 
expense to use imported foods. Proper cooking will 
render foods otherwise dangerous safe, and 
moderation in eating strange dishes is a wise pre- 
caution. The American habit of drinking raw 
water is one to be indulged with discretion in re- 
gions of older civilisations, but safe water is 
easily obtained by boiling. It is worth while to 
pay attention to details such as these which seem 
small to those accustomed to our own ways of 
living. A knowledge of the methods of first aid 
and a few medicines is of great value. It is not 
necessary to go as far as Doc Milliken who, as 
you may remember, would “take that bracket saw 
and the mild chloride and his hypo<lerinic, and 
treat anything from yellow fever to a personal 
friend,” hut a little knowledge of simple medi- 
cines will ease your way greatly in strange coun- 
tries. Learn to ride, to shoot, to swim, and to 
handle a small boat* I need hardly admonish a 
young American these days to learn to run a 
motor-car, but the accomplishments common in 
the older da3^ of country and village life are be- 
coming rare. It is not always possible to ride up 
to a prospect in a Pullman or even in a Ford. 
I0 ther natuti of thin^, the finding of new mines 
will fake o^ne into cbomtries where only other than 
miiiing industries Iswe been developed^ and m 
that Hl€tos going into regions or cbuntrs^ 
amd village Hfie: At times it means 
the centuries aiid living for ^vTltile ^ im tlie 
medisevad ages. In such placed know 

aSoUt afid mu^es — ^thei^ ineferences, 

and eapiotfes for work. 

. One called upon tb a gun, though 

mord to afford ^ party fresh meat 
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than as a means of protection. To handle a boat 
or to swim may be a necessity at any time, though 
it must be admitted that in any country where 
small boats are used native boatmen are likely to 
be numerous and skilful. Skill in any of the 
forms of what we now call sport may w*ell prove 
of first importance in an emergency ^ and wdll 
always prove at once a means of relaxation and of 
establishing relations with strangers, regardless 
of race and language. The latter is a matter of 
no small importance m work when the goodwill 
of the whole party and of the people of the 
country traversed is so important. 

Lastly, 1 would urge that to be successful one 
should have something of the spirit of adventure 
Unless new scenes and new faces appeal to you, 
unless you find joy in the long days in the saddle 
or afoot, unless the cheer of the camp fire means 
more to you than the clank of the steam radiator, 
unless to you coffee does not lose its fine flavour 
when served in a tin cup, unless you can sleep 
between blankets and not think of their scratch- 
ing, do not undertake e^loration. If you must 
have a napkin and morning paper at breakfast, if 
you cannot write save at a well-equipped desk, if 
you are not happy except with your family and 
intimate friends, if you must needs see the movies 
before you can go to bed at night, you will be 
wise to find a routine job at home. But to those 
w’ho have a venturing nature adventures come, 
and if you are one of the elect who feel the spell 
of the Yukon, or the lure of the little voices, 
then go 

** Adveatacing ! Adventurism ! And ch, tlie^gbts to ^ 

And little dies along tbe trail tbat wink at von and me. 

Till the la^ ad Y^wore calls from fee old, fee vain desires, 

To a way tliat^s still antxoddesi, though aglow with little fires, 
XK> wandeiac grows we^ azid a man is free to roam, 

^ bang his bat upon a star aiod call the planet home.” 


NITROGENOUS MANURES. 

The Action of ike Manures. 
Nitrogenous manures have more striking effects 
Uian any others in increasing the growth of farm 
crops. Under normal circumstances a dressing 
applied at the proper time produces visible results 
almost in a few days : the plant becomes greener, 
stands up well, and starts into growth, while the 
untreated portions of the same crop are un- 
changed. It has often happened that a dressing 
of icwt. per acre of nitrate of soda or sulphate of 
ammonia has given an additional 4 bushels of 
wheat or 6 bushels of oats. 

Experience has shown that nitrogenous manures 
are effective in several directions. 

i. On Winter Corn after a Wei Winter. — In 
this case a top-dressing of i to licwt. per acre of 
nitrate of soda or sulphate of ammonia should be 
given m spring as early as convenient. One must 
not, of course, go on to the land until it is suffi- 
ciently dry to bear the distributor without injury, 
nor should the manure be applied to winter com 
in frosty weather; an opportunity should be 
found, however, at the end of February or early 
in March. If the land is sticky, icwt. of super- 
phosphate per acre should be applied in addition. 

There has been considerable discussion as to 
the most suitable quantity of nitrogenous manure 
to use for spring dressings for winter crops. It 
was formerly supposed that the most profitable 


returns were obtained from small dressings : more 
recently, however, it has been shown that moder- 
ately large dressings are more profitable — licwt, 
of nitrate of soda or sulphate of ammonia giving 
not only a larger, but a more profitablle crop than 
^cwt. per acre. 

2. On Spring OatSj es'pecially in Wet Weather ^ 
or in Cold or Backward Districts. — In this case it 
is necessary to add superphosphate as well : the 
dressing would be icwt. nitrate of soda or sul- 
phate of ammonia, and 2icwt. superphosphate per 
acre; or if the conditions allow of heavy crops, 
licwt. of nitrate of soda or sulphate of ammonia, 
and 3cwt. superphosphate per acre 

3. On a Second Corn Crof. — Farmers are often 
so anxious to avoid overmanuring their barley 
that they grow it as a second corn crop after 
wheat or oats. It frequently happens, however, 
that an additional yield can be obtained without 
sacrifice of quality by means of a moderate dress- 

(I to icwt.) of sulphate of ammonia, combined 
if need be with 2cwt. superphosphate per acre. 

4. For Potatoes and Mangolds. — These crops 
practically always benefit by the use of nitro- 
genous manures, even when dung has been 
applied on a fairly liberal scale : potatoes com- 
monly respond to i to 2cwt. sulphate of ammonia 
applied at the time of planting, while mangolds 
can do with the SiE^e aihount of nitrate of soda, 
half being given when the plants are up, and half 
at the time of singling. Swedes and turnips, how- 
ever, are l^ss certain in their response, and fre- 
quently farmyard manure alone proves as effective 
as an^hing. 

5. Hay practically always responds to nitro- 
genous manures (licwt. per acre), though the 
quality suffers unless potash and phosphates are 
also added. 

What the Manures are. 

Nitrate of Soda. — This is the most rapid in 
action of the nitrogenous manures in common use, 
and it has repeatedly proved effective in en- 
coui aging growth in a cold spring when the 
young crop is beginning to turn yellow. 

The speedy action is of great advantage in help- 
ing a crop over an attack by insects or wireworms ; 
the additional nitrogen enables the plant to keep 
growing and thus to replace the tissue destroyed 
by the insects. But while nitrogenous manure is 
of value against insect pests it does not help 
against fungi ; a soft sappy growth tends to 
develop which readily succumbs to fungus attacks. 

Besides being the most rapid in action, nitrate 
of soda is in general the most effective, except for 
potatoes, for which sulphate of ammonia is better. 
For winter com and for hay, nitrate of soda is 
about 5 per cent more effective than sulphate of 
ammonia; for mangolds the difference is even 
greater as the soda is distinctly helpful to the 
crop. It has the drawback that it cannot easily 
be used on heavy soils as it tends to make them 
sticky, thereby increasing the difficulty 0^ work- 
ing ; further, it is not required on fen soils. 
Otherwise it can be used on all classes of soils, 
even those which are deficient in lime. 

Nitrate of Lime is as quick in action and as 
effective as nitrate of soda, but it is somewhat less 
convenient in use owing to its tendency to take up 
moisture which necessitates transportation in 
casks. It has the advantage, however, that it can 
quite well be used on heavy land without pro- 
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ducing the stickiness caused by nitrate of soda. 

Nitrate of Ammonia is not generally obtainable 
at present, though it is understood that its manu- 
facture is being undertaken by an important in- 
dustrial organisation. It IS more rapid in action 
and more concentrated than either of the pre- 
ceding fertilisers, but it is also less convenient, 
tending to cake rather badly, and requiring to be 
stored always in casks. 

Sulphate of Ammonia became ver>’ well known 
to farmers during the ivar from the circumstance 
that It IS a home-made product, and was therefore 
obtainable long after the imparted nitrates were 
out of the farmers* reach. Taking a general 
average of soils and of crops it is about 5 per cent 
less effective than nitrate of soda when applied on 
an equal nitrogen basis It is, however, more 
concentrated than nitrate of soda, and this more 
than balances its reduced efficiency, so that for 
equal weightb it is often superior. Thus, if a 
farmer can buy sulphate of ammonia at the same 
price per ton as nitrate of soda he ivill in many 
cases save money by doing so; but if the prices 
are not the same, he must work out the unit price 
from the data given below. These statements^ as 
to averages require considerable modification 
when one deals with particular soils. On chalky 
land, sulphate of ammonia is practically equal to 
nitrate of soda in effectiveness ; on clay soils it is 
preferable as it does not cause stickiness- But in 
peat soils and on sandy soils deficient in lime (as 
many of them are) it is unsafe until sufficient lime 
has been added : there have been cases, notably 
at Woburn, where sulphate of ammonia has done 
actual harm to the crop through its property of 
inducing acidity^ in the soil (The remarks as to 
acidity apply to the use of ordinary^ sulphate of 
ammonia, which is slightly acid. A ‘neutral” 
brand of less than 0*025 per cent acidity is now 
obtainable in certain districts, which possesses the 
further advantage of being drier and in better 
condition for distribution). The trouble can be 
entirely remedied by a dressing of lime, which in 
any case is desirable on light soils. Potatoes and 
oats are less affected by this acidity than other 
crops, indeed potatoes gain rather than lose since 
the scab is thereby kept in check. Any scheme for 
adding lime to counteract the acidity should be 
brought into operation just after potatoes have 
been removed and just before clover is to be sown. 

M unate of Ammonia, — It is probable that tliis 
substance will be produced on a large scale in 
England at an early date, and careful experiments 
have been undertaken to ascertain its precise fer- 
tiliser value. 

Nitrolim , — This substance was carefully tested 
as a fertiliser before the w^ar, and found to be 
somewhat mfeiior to sulphate of ammonia, be- 
sides being slower in action ; further, it is not 
suited for top-dressings. ‘Experiment has shown 
that it is not immediately available for plants, but 
has to undergo decomposition in the soil. It 
seems probable that the decomposition could use- 
fully be brought about in the factory, thus giving 
a product that w*ould be more rapid and 
in action and suitable for top-dressings. 

Storage of Nitrogenous Manures. 

The keeping qualities of nitrate of lime and 
nitrate of ammonia have been referred to above. 
Both should be kept in a dry place in the prigis^l 


casks. After the packages are opened, these 
manures cannot w*ell be stored. Nitrate of soda 
may be kept for a considerable time under dry 
conditions in a well-built shed. It may become 
lumpy owing to the action of moisture and must 
then be crushed. Sulphate of ammonia is best 
stored in bags placed on planks or on a layer of 
peat rather than on the bare earth or a brick floor. 
The building in which it is stared should be dry 
and free from damp. The well-made ‘‘neutral” 
sulphate is less affected by moisture than the 
ordinary* quality. If sulphate of ammonia should 
cake. It should be broken up with a wooden 
crusher. 


Table showing Percentage of Nitrogen tn the 
Ordinary Nitrogenous Manures. 


Substance 

Nitrate of soda . 
Nitrate of lime 
Nitrate of ammonia 
Sulphate of ammonia 
Muriate of ammonia 
Nitrolim 


Per cent nitrogen 
usually present. 


13 

34l-35-> 

20i 

25 

14^15! 


Under the Fertilisers and Feeding Stuffs Act, 
the percentage of nitrogen in a fertiliser must 
always be stated in the invoice : percentages of 
ammonia, sulphate of ammonia, &c., should be 
disregarded. 

It is imperative that nitrogenous manures should 
be in fine condition before being applied to the 
land : any lumps should be sifted out and broken 
with a w*o(xien rammer. Modern sulphate of 
ammonia of the “neutral” brand is often in better 
condition than the older material. 

Of the manures described above, sulphate of 
ammonia and muriate of ammonia are the only 
ones which can readily be mixed with superphos- 
phate. Where necessary nitrate of soda and 
superphosphate can be mixed provided both 
matenals are;dry and the mixture is used at once. 

— Ministry of Agriculture, Leaflet No. 370. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

Ordinary Meeting ^ November 3, ig2i. 

Prof. C. S. Sherrington, President, in the Chair. 

The following papers were read : — 

Spectra of Lead Isotopes.*^ Bv T. R. Merton, 
F.R.S 

A comparison has been made of the wave-lengths 
of five lines in the spectra of ordinary lead and 
lead from Australian carnotite. The differences 
in wave-length which have been observed are not 
constant, but vary for the different lines. In the 
case of the principal line, ^^=4058 A, the differ- 
ence in wave-lengfli qbserved is about two 
hundred times as great as would be expected on 
theoretical grounds. 

Experiments with Boiating Fluids,*’ By Q. I 
Tavlor, F.ILS. 

Experiments in which spheros^^ cylinders, and 
vortet rimg^ move through rotating fluids have 
previously been <tecrib^ by the author. Methods 
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are now described by means of which the experi- 
ments can be projected in a lantern. Instan- 
taneous photographs taken while the experiments 
were in progress are shown. 

Further experiments are described in which pre- 
dictions from hydrodynamical theory are verified. 
It IS shown that if any small motion be given to 
a rotating fluid, the resulting flow will be of such 
a nature that concentrated masses of coloured 
liquid should be drawm out into thin films, which 
should remain always parallel to the axis of 
rotation. Photographs taken by camera placed 
vertically above a rotating basin of water show 
that a liquid does actually move m the ivay pre- 
dicted, the films of colouring matter appearing 
as thin lines to an eye situated on the axis ot 
rotation. These sheets of colouring matter may 
become so thin that it is only possible to see that 
the colour is not uniformly diffused through the 
liquid by placing one’s eye on the axis of rotation. 

*^The T wo-dimeyisTonal Slow Motion of Viscous 
Fluids/* By L. BaiRSTOW, F.R.S., Miss B. M. 
Cave, and Miss E. D. Lang. 

The paper is part of a general investigation of 
the solution of the equations of motion of a vis- 
cous fluid. In its restricted form the equation to 
be solved is =0, where ^ is Stokes’ stream 

function. The boundary conditions are those 
which give no relative motion between a solid and 
fluid in contact with it. If the molecular rotation 
in the fluid be defined by | — v it will be seen 
that the equation of motion may he expressed 
alternatively as v =0. ^ earlier paper by one 
of us shows how, for certain boundary conditions, 
an equation of the type v ^1 =0 may be solved in 
terms of simple sources- distributed round the 
boundaries^ An extension is easily made to cover 
the representation in terms of doublets, the finding 
of the strength of which has been the object of 
the present analysis. 

The equation =0 is transformed by means 
of Green’s theorem to a form in which the only 
unknown is the distribution of the | doublets on 
the boundaries. The strengths of the doublets is 
found by solving the resulting integral equation. 

An example shows the motion of fluid past a 
circular cylinder in an infinite parallel-walled 
channel. Stream lines and lines of constant mole- 
cular rotation have been drawn. If d be the dia- 
meter of the cylinder p the density of the fluid, 
V the kinematic coefficient of viscosity, and U the 
velocity of the fluid in the centre of the channel 
at infinites then, when the width of the channel is 
5^, the resistance per unit length of cylinder is 
R=s7*io The value of U^/v td which this 

formula applies is not to exceed 0*2. 

Production of Single Crystals of Aluminium 
cmd their Tensile Properties/’ By H. C. H. 
Carpenter, F.R,S., and Constance Elam. 

An account is given of methods whereby small 
allotiiomorphic crystals in aluminium sheets and 
bars have been converted into a single ciystal. 
The parallel portion of the test pieces of the sheet 
was 4in. X lin, xo-i25in. The conversion of this 
area into a single crystal involved three pro- 
cesses : (i) heat treatment for six hours at 550° 
C. ; (2) application of tensile stress of 2*4 tons per 
square inch, producing an average elongation of 
1*6 per cent on sin. ; and (3) a final heat treatment 
beginning at 450® and extending up to 600® C. 


The number of crystals present originally in the 
volume mentioned was about 1,687,000, Under 
above conditions, on an average one test piece 
m four produces a single crystal over its parallel 
portion, which frequently grows up into the 
shoulders of the test piece. This occupied a 
volume of about 0*5 cubic inch. 

The tensile properties of the single crystals were 
determined. Considerable variations in the 
method of extension and fracture and the 
numerical values of the results were found. The 
tenacity of single crystals varied from 2*8 to 4*08 
tons per square inch, while the extension on 3111. 
varied from 34 to 86 per cent, according to the 
orientation of crystal relative to stress. Differ- 
ences in above properties have enabled specimens 
to be classified under five types The results of 
the stress tests of test pieces consisting of two 
crystals and also of three crystals are given. 
These show the strengthening influence of one 
crystal upon another. 

Later experiments conducted on round bars re- 
sulted in the production of single ciy^stals in the 
parallel portion of bars 0-564 and o-798in. in dia- 
meter. In the former case the total volume occu- 
pied by the crystal was rather more than i cubic 
mch, while in the latter it exceeded 2 cubic inches. 
The tensile properties of these crystals were also 
determined, and it was found that in every case a 
wedge-shaped fracture was produced, the bar 
diminishing principally in one dimension only. 
Remarkable twinning effects were observed in 
certain cases. 

^^Transmission Colours of Sulphur Siispen- 
sionsP By C. V, Raman and B. Ray. 

When a few drops of sulphuric acid are added 
to a dilute solution of sodium thiosulphate and a 
precipitate of sulphur gradually forms in the 
liquid, the light transmitted through the turbid 
medium undergoes remarkable changes in colour 
and intensity. The suspension becomes practi- 
cally opaque to the shorter wave-lengths first and 
the longer wave-lengths later, and subsequently 
regains its transparency partially, the shorter 
wave-lengths re-appearing first and later the 
longer wave-lengths. In the present paper, the 
work of Keen and Porter and of Lord Rayleigh on 
the subject is discussed, and it is shown how the 
foregoing facts may be explained on a theoretical 
basis. 

*^La 7 o of Distribution of Particles in Colloidal 
Solution/’ By E. F. BURTON and Miss E. Bishop, 


SOCIETY OF PUBLIC ANALYSTS. 
Ordinary Meeting^ November 2, 1921. 

Held . at the Chemical Society’s Rooms, 
Burlington House. 

Mr. Alfred Smetham, President in the Chair. 

Certificates were read for the first time in favoui 
of Messrs. Jack Cecil Drummond, D.Sc. (Lond.), 
F.I.C., Alfred William Long, John Charles 
Mellersh, Charles Harold Wright, M.A. (Cantab.), 
F.I.C. 

The following were elected Members of the 
Society: Messrs. James Frederick Fothergill Row- 
lanad, B.A. (Cantab), A.I.C., William IN^orman 
Stokoe, B.Sc. (Lond.), A.I.C. 
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The following papers were read : — 

'^The Testing of Foodstuffs for VitaminsT By 
J. C. Drxjmmonb, D,Sc , F.I.C., and A. F. 
Watson, B.Sc., A.LC 

The authors suggested that sooner or later 
analysts must seriously consider the standardisa- 
tion of methods for ascertaining the value of food- 
stuffs as sources of those unidentified dietary units 
— vitamins They stated that there is already a 
big demand for information on the testing of food 
products, but unfortunately as yet the chemical 
nature of the vitamins is not sufficiently under- 
stood to enable chemical or physical methods of 
estimation to be employed, and for the^ present the 
biological method is necessarily utilised. The 
many sources of error in such a method were 
pointed out, particularly those caused by the 
variability of response in individual animals, and 
the influence of external factors; although the 
authors noted that these have been considerably 
reduced by recent improvements in technique. 

Good equipment and organisation of the feeding 
laboratory and scrupulous care in preparing the 
‘'pure” foods for the basal diet were shown to be 
essential, and the practice in the authors’ labora- 
tory was described in detail, illustrated by lantern 
slides. 

The authors then dealt with the testing of 
foodstuffs for the three recognised substances of 
the vitamin “class,” and demonstrated the type of 
result obtained. In conclusion, .they showed the 
value of the method in studying the seasonal 
variation in the food value of butters and milk, 
and discussed the significance of these new dis- 
coveries from the analyst’s point of view. 

Improved S'pecific Gravity AffaratusT By 
C, Butler Savory, M.D., M.Ch. 

The author demonstrated a new and efficient 
instrument for the determination of the specific 
gravities, which has a range from o*i2 to 1*9, and 
obtains direct results without calculation, to four 
decimal points. 


CORRESPONDENCE. 

ROYAL SOCIETY. 

To the Editor of the Chemical News, 

Sir, — You probably know that the Society 
possesses a collection of engravings and photo- 
graphs of Fellows of considerable interest. The 
President and Council wish to continue the collec- 
tion on the lines which have been adopted by the 
Trustees of the National Portrait Gallery, 
namely, by photographs uniform in size and 
character, which will be stored and catalogued; 
and arrangements have been made with Messrs. 
Russell dc Sons, 73, Baker Street, W.i, by which 
they will take a photograph (by appointment) of 
any Fellow, free of charge, and deposit a copy 
with the Society. 

The President and Council hope that those 
Fellows, who have not within the last two or three 
years given a sitting to Messrs. Russell, will assist 
in making the collection complete by arranging 
for a sitting as soon as possible. — We are, &c., 

W. B, Hardy, 

J. H. Jeans, 

Secretaries, E,S. 



This List is specially compiled for the Chemical News by Messrs. 
Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 
London, W.C.2., from whom all information relating to Patents, 
Trade Marks and Designs can be obtained gratuitouslj . 

Specifications published ikts Week. 

170022- -Seldon, J M. and Scldon & Co —Catalytic oxidation 
processes 

149319 — Linienfeld, L.— Process for the, manufacture of composi- 
tions of matter and technical products containmg' ethers of 
carbohydrates having the empirical formula « (CuHioOc) 
their conversion products, and derivatives 

170056 — British Dye-stuflFs Corporation, Ltd., Green, A. G. and 
Herbert, A E — Manufacture of chlonnated derivatives of 
toluene 

170155 — Carpmael, W. — Manufacture of new soluble chromium lakes 
of azodyes 

Abstract Published this Week 

Gas Manufacture . — Patent No. 167822. — Some improvements in 
Gas manufacturing plants have been Patented by Mr. W. P. Perry, 
of 19, Lytton Road, Leytonstone, London, which are illustrated in 
the accompanying diagram. The carbonaceous material distilled 
in a chamber A by the pass age there-through of hot gases from a 
producer D is discharged down a sloping conduit K Into the pro- 
ducer, any surplus fuel passing over the top of the fuel in the pro- 
ducer and into the chamber L from which it may be lifted by an 
endless screw. Two plungers I working alternately from a casing 
H may be used, the plungers filling the casing so that no fuel can 
enter the casing and interfere with their action. 
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MEETINGS FOR THE WEEK.. 


Wednesday t i^ovcmber i6. 

Royal Society of Arts, 4.30, “Modern Buildings in Cambridge and 
their Architecture," by T. H. Lyon. 

Society of Glass Technology, 2.30 (at Leeds). “ Gas Reversing 
Valve for R^enerative Furnaces," by F. W, Knowles Dis- 
cussion on “The Melting of Glass." 

Institution of Electrical Engineers, 6. “Telephone Line Work m 
the United States," by E. S. Byng, 

Thursday^ Novmber 17. 

Royal Society, 4.30. “The Design of Repeating Patterns ’ " by Major 
P. A. MacMahon and W, P D. MacMahon. “A Pro' lein m 
the Theory of Heat Conduction" by Prof. J, W. Nicholson. 
“ The Thermal Stresses m spherical Shells oopcentncaliy 
heated" oy Prof. ^ H, Lees, “ Mathematical Foundations of 
Theoretical Statistics " by R. A, Fisher. “ The Diffraction of 
Plane Electromagnetic Waves by a perfectly reflecting 
Sphere" by F. P. White, “On the Whispering Gallery 
Phenomenon " by C. V. Raman and G. A. Sutherland. 

Chemical Society, 8. “ The influence of nitro-groups on the re- 
activity of substituents in the benzene nucleus- Part V. 
Heteronucleal dmitro-dcnvatives " by H. Burton and J 
Kenner. “ Organo-derivatives of bismuth. Part V. The 
stability of halogen, cyano- and thiocyano-derivatives of 
tentiary aromatic bismuthines "by F. Challenger and J F 
Wilkmson. “ Organo-derivatives of bismuth. Part VI. The 
, preparation and properties of tentiary aromatic bismuthines 
and their interaction with organic and inorganic halogen 
compounds" by F. Challenger and L. R, Ridgway. 


NOTICES. 


fi0|T{^JLL.r— AR Literary oammunications and Books, Chemica 
A^^paratus, Ac., for review or notiee to he addressed to the 
BnrroR, 

SilBSCaEtlP920Kff» dSI 13s. per ammm, payable in advance shordd 
be addressed to the MahaosIil 

jBJCK BIIXBEBS afid ’70LIIJIES can be purchased on application 
to he M&NAGS3t, 

THE CHEMICAL NEWS, 

97 , Shoe Lahe,- Loni^n, E.C 4. 

AD¥EBTISE]ISNTS. 

All eomntmttlBatlHUi for tikis D^iartment should be a4- 
drensd lo^ 

T. G. SCOTT & SON, 

63 , Ludgate Hill, London, E.C, 4. 


COVERS FOR BINDING. 


THE CHEMICAL SOCIETY RESEARCH FUND. 

A MEETING of the Research Fund 

Committee will be held in December next. Applications for 
Grants, to be made on forms obtainable from the Assistant 
Secretary, Chemical Society, Burlington House, London, W.l. ; 
must be received on or before Thursday, December 1st, 1921 

All persons who received Grants in December, 1920, or in 
December of any previous year, whose accounts have not been 
closed by the Council, are reminded that Reports must be returned 
by December 1st. 

S. E. CARR, Assistant Sicretary, 


trOR Sale. Journal of the Chemical Society 

A (unbound) for 1897, 1898 and 1899. Journal of Society of 
Chemical Industry (unbound) for 1900 and 1901, Berichte der 
Beutsche Ckemtscken Gestlhchafi (unbound) from Januarjsr 1897 to 
March 1899. Offers invited. E. F,, 22, Newtown Street, Leicester. 


PATENTS, TRADE MARKS. Handbook 

^ and advice free— B T. King, British and U. S. Regd. Patent 
Attorney, 146a, Queen Victoria St., London, 35 yearsrefeprehce 


VfJ ANTED. Electro- Metallurgist, or Electro- 

VV Chemist. 25/30. Graduate— preferably some works experi- 
ence. .Detail*, of training, saJaty required, etc to Box 847, 
c/o Scott & Son, 63, Ludgate Hill, London, E C 4. 


TDEQUIRED at once several new or second- 

hand large Mild Steel Power Driven Revolving Mixing 
Machines or Digesters for blending dry coarse fibrous 
material. Size 650 cubic feet to 1,260 cubic feet or nearest. Full 
partacnlars with drawings and price to Bo» 846, c/o Scott A Son, 
Ludgate Hill, London, E.C.J. 


T TVIICH P, ah if-fl ISforliCb 

OHEmCALS for AmalysiB, and Technical purposea 

TSCHHIGAL EXPERIHEHTS carried out 

on a HAHUFACTURING SCALE. 
Inquiries solicited from INVENTORS and PATENTEES 
(especially foreign) under the New Act 1906. 


Invaluable in every Laboratorym 

HtNUMGTORERS' RRAGTIGIL RECIPES. 


Jameson’s Treasury of Original Recipes and New 
and Improved Processes, with full working instructions 
for manufacturing. Prospectus, giving details of con 
tents, sent post free on mentioning offer 438 . 

FOYlLiES, The Booksellers, 

121^125, Charing Cross Read, LONOON 0 


Cloth, Gilt-lettered, Covers for bmding the Half-yearly 
Volumes of the 

CHEMICAL NEWS 

may now be obtained. Price zl-each {post ftee 2/3}. 
Vcdnxnes bound m Cloth Cases, Lettered, and Numbered 
at 3^. per volume (By post 3s. gd). 

CHEMICAL NEWS OFFICE, 
gv, SHOE LANE. LONDON, E.C. 4. 


NORTHERN POLYTECHNIC 
INSTITUTE, 

HOLLOWAY. LONDON, N. 7 . 

T^HE Governors of the above Institute invite 

■I* apphcations for the post of an Assistant Chemical Lecturer. 
Musi have good Honours Degree. Salary, Graduate Scale 
( London) £290, by £15 to £550. 

Particulars and forms of application to be obtained from the 
Clerk to the Governors. 


GHEMICAL APPARATUS 
AN D BEA6EH TS. 

Pfarro Chemleals for Researoh Work. 

JOHN i. GRIFFIN & SONS, LTD., 

KINGSWAY, LONDON, W.C. 

CHEMICALLY PURE 

Tir^ 

CAPPER PASS & SON, Ltd. 

BEDMINSTEB SMELTING WORKS 

BRISTOL. 
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THE CHEMIST IN THE STEEL AND 
IRON INDUSTRY. 

A Few Thoughts on his Experiences, Training, 
Statits, and Influence on Manufactt-'re. 

By C H. RIDSDALE. 

(Concluded from p. 254) 

The second method — namely, of indicating the 
training — would appear good for the purpose 
in view, and no objection could be taken to it if 
every would-be candidate had an equal oppor- 
tunity to undergo such training, but manv, other- 
wise fitted, are so circiim^itanccd through no fault 
of their own, that this is impossible. It seem^. 
hard on a vouth earning his oivn living if he i> 
ruled out, for instance, from a merely geographi- 
cal reason, namely, that he lives too far from the 
nearest training centre. 

I am not criticising the Institute's arrangements 
but merely looking at them from the candidate’s 
point of view, and must admit that it is not much 
comfort to be told that : — 

‘'The Council, having made piovision for the 
admission of all suitable candidates to the 
membership, are unable to concern them- 
selves with those who neglect the many 
opportunities afforded them for obtaining 
'1 ■ adequate training.” — Editorial, Proceed- 

ings ^ Part V., October, 1020, p. 278. 

The difficulties of special cases are no doubt 
recognised by many of the Fellow's of the Insti- 
tute, and endeavours are being made to extend 
facilities to meet them, and in the address of the 
retiring President, Sir James J. Dobbie {Pro- 
ceedings^ Part II., April, iqiS, p. 40), with 
reference to some who decline to take the Insti- 
tute’s examination, and of whom, members who 
have passed it say : “Why should we trouble about 
those who decline ? If they w'ill not come in on 
the usual terms let them stay away. So much the 
w’orse for them.” He says * “Unfortunately that 
is what has happened in the past. They have 
stayed away. We must face the fact that large 
numbers of highly-trained chemists decline to 
present themselves for our examinations.” And 
later he says . “The fact is that the qualifications 
of many of them are quite up to the level of those 
which we demand, of candidates for the Associate- 
’ Meanwhile there can be no doubt that the 
Institute has done and is doing much to raise the 
status of chemists. 

The British Association of Chemists — your own 
Association — also seeks to elevate the profession, 
if I understand rightly, in a somewiiat similar 
manner to the Institute of Chemistry, but without 
holding examinations; '^ome of you also, aiming 
at making the practice of analytical and industrial 
chemistry a close profession, and in addition to 
this to some extent employing trades union prin- 
ciples for increasing the payment of, and obtain- 
ing certain privileges foi, your members. 

The National Association of Industrial 
Chemists, I understand, makes still more dis- 

*An address given to tbe Glasgow Branch of the British Aesodsstk:® 
of Chemists, October 19, 1921. 


tinctive use of these principles, regarding them 
as one of the most effective means of securing the 
w'elfare of the chemist, as interpreted by higher 
payment 

Reverting to the question of improving the 
status of chemists generally; w’e know there are 
tw'o mam methods which can be employed to 
bring this about, namely, technical and moral. 

Techiiical. — (i) By rendering the chemist really 
more efficient and valuable, e.g,, by making his 
analyses of a regularly higher standard and 
degree of accuracy, and teaching him to apply 
his knowledge of chemistry, and the other charac- 
teristics of hi5 training, to practical purposes. 

Moral. — (2) By propaganda, {a) Demonstrating 
to and impressing ui>on people that he really is 
very valuable. (d) Implying or asserting that 
this is so, and as regards the members of certain 
societies, showing as proof ^ of this, that they have 
passed certain examinations, obtained certain 
University degrees, or are possessed of certain 
qualifications considered equivalent. I3) Bv com- 
bination, &c., to force those employing chemists 
to pay them more 

As you W'ill have seen from the brief description 
of the outstanding features of the societies, they 
seek to improve the chemist's status technically by 
making him study, and examining him, and 
morally by seeking to give him more amour 
propre, b\ propaganda, by using trades union 
principles for securing him better pay, and by the 
automatic exclusion of all who do not conform 
to their standard. 

Now, whilfet some of us may not approve of 
all the methods employed by these Societies, vre 
must not forget that each of them is attacking 
part of the problem, and we should not criticise 
them severely on that account, or simply because 
the scheme does not cover the w’hole ground. 
Each society no doubt fol low’s the course it thinks 
for the best, and I should like to see all taking 
a broader view and aiming rather less at benefit- 
ing their own members exclusively, and trying 
still more to advance Science, and to improve 
and elevate the profession as a vahole. The 
greater the status which any society wishes its 
members to hold, the more important is it that 
it should be conducted on high principles. 
Further, if^ they were all pulling together and 
W'orking in 'concert for a common aim, more ad- 
vance ■would be made. As it is, there is some 
overlapping and some gaps occur* A good deal 
has, however, already been done towards this, 
such, for instance, as the preparation of Abstracts 
by the Chemical Society and Society of Chemical 
Industry in conjunction. 

r have sometimes beep asked: “If I join such 
and such a society will it do me any good ?” So 
far as a ivorks’ chemist is concerned, frankly I do 
hot think that his being a member of some Society 
, or being able to put certain letters after his name 
: will :have much effect in the matter of pay with 
f most managers; at any cate, it is no use depend- 
' ing on it. The benefit is largely reflex, in 
him tn" to be worthy of its traditions, 
meetings, follow the papers and discussions, study 
its proceedings, and especially himselfi 
a paper for it. In short, he gets, Who giv^ 
most. ‘ ^ 

Now it is well knowii that if would improvq 
^ imything we must lay bare it« weaknesses and 
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Study how they may be removed, and this applies 
equally to the chemist. 

As regards technical matters, I have long felt 
that there was nothing which had such a pre- 
judicial eifect on the status accorded to chemists 
by laymen as the occasional disagreements be- 
tween their analytical results. 

In fact, you will meet people from time to time 
who will tell you ‘'chemists are no good,'’ and 
proceed to quote some glaring example of two 
chemists of standing finding distinctly different 
results. And although most of the serious differ- 
ences if investigated prove to be due to variations 
in sample, yet we know some methods are far 
from perfect, and that there is sufficient ground 
for, complaint from the commercial man’s point 
of view to make it imperative for the chemist to 
look into this matter and use every means for 
improvement. 

As far back as 1894, Mr. E. Windsor Richards 
thought this matter of such importance as to bring 
it before the Iron and Steel Institute in his Presi- 
dential address, and said : “Very considerable 
trouble and expense have been experienced by 
manufacturers through differences in analysis by 
different chemists.” Later, before the same In- 
stitute, in a paper by my son and myself, we re- 
ferred to, this and pointed out that figures speci- 
fied should not have uncertain values, and that a 
figure such as, say, 0*07 per cent phosphorus de- 
f>ended entirely on the i^ersonality of the reference 
if he found* a high result this migl^ limit 
tiief steel maker actually to o'oS5 per cent, or, on 
other hand, allw him up to 0*08 per cent. 

This state of gives rise to distrust, and 

undervaluation of the ability of the chemist. The 
layman does not know the limits of usual accuracy 
of methods, and particularly of methods worked 
hunriedly. Thus, whilst on the one hand he 
presses the works chemist, for the utmost speed, 
he hiam^ him as unreliable if the reference 
chemist’s result turns out differently. 

For, in such cases it is generally the works’ 
chemist who is believed to be wrong. Many years 
ago this fact was brought home to me, and I, like 
many others, felt it deeply. 

I have often, during my career as a works’ 
chemist, felt the singular appropriateness of 
Rudyard Kipling’s lines ; — 

“ The Toad beneath the harrow knows * 

Exactly where each point prick goes 
The Butterfly upon the Road 
Preaches contentment to the Toad ” 

You can guess who the butterfly is. 

Hence regular agreement between chemists on 
what purports to be the same sample is a sine 
non if as a body their status is to be upheld. 

Hfest 'to the limits of accuracy of methods, the 
greatest obstacle to regular agreement is pro- 
fessional pride. You know the old saying, 
“doctors differ,” and how No. 2 smiles when you 
tell him what No. i said, and conveys the feeling, 
“what else could you expect if you went to him ?” 

There is a good deal of this about chemists too; 
not only chemists in private practice, but in some 
works’ chemists also, and people of this turn of 
mind adopt the attitude: “The methods I have 
selected, and the way I work them give right re- 
sults, and I don’t propose submitting them to any 
test which might show, or appear to show them 
to be wrong.” 


1 understand that one well-known institution 
used for reference refuses, in cases of differences, 
either to let chemists work side by side with them, 
or to return part of the samples 

In such circumstances, therefore, the works’ 
chemist, though he may feel convinced he is right, 
is, or was until recently, m a hopeless and very 
uncomfortable position. 

As early as 1886, I felt this strongly, and com- 
menced to write a paper entitled “Works’ 
Chemists and Analyses,” dealing with the subject. 

I never finished it because I realised our hands 
were tied. What we needed was some meabs 
which could be used in any particular case to 
^rove who was right, and until we had that, 
merely to assert that we were right would be 
futile. From that day to this my interest % 
works’ chemist and his difficurties ^ 

weakened, but became stronger. ^ 

I may perhaps be permitted briefly to refer to 
two ways in which during the last few^ years en- 
deavour has been made to meet these difficulties. 

The first has in view particularly, enabling 
hard-driven junior assistants who have to make 
certain tests of the same kind, time after time, to 
do this easily with ajccwraicy and more quickly. By 
st^Lndivdismg, in question, making 

their chemical principles clear, a&d ensuring their 
exact observance, yari^bie i faclqi^s ^nd drudgery 
are largely removed, and ' the . 

better opportimity to improve , their knowledge , ^ 
both of those of further methods. 

This system, and also some of the methods, 
have been described in vanous papers, one of 
them by your fellow^-citizen, Mr. Herdsman. 

The second had for its object proving who was 
right m case of disputes by affording some means 
for gauging the accuracy of the work of the 
analysts who differed. I am sure you all under- 
stand that if in such a case, for instance, a sample 
of unknown composition is run through side by 
side with a uniform sample the composition of 
which IS accurately known, and the latter gives 
the correct result, then the probability that there 
is any error in the testing of the unknown is very 
small. 

If a representative selection of makers, users, 
and independent chemists have jointly standard- 
ised these samples, and wdll on this account, and 
because of their wide acceptance and use, acknow- 
ledge them, the rest is simple. 

This is just what has taken place owing to the 
co-operation of a large number of such chemists, 
and to-day there is a range of plain carbon and 
alloy steels and cast iron, comprising 78 standard- 
ised results for elements, available and in use in 
the British Isles and other countries; this type 
of method used for determining each element, 
and the result found by each co-operator who has 
tested It, being shown in a certificate issued 
with it. 

But apart from technical improvement there are 
other ways in which chemists can improve their 
status. They must, of course, have sufficient 
chemical knowledge to fill their owm position — and 
preferably a good deal more — ^but that alone is 
not sufficient. Every manager knows there are 
qualities of greater value than the purely tech- 
nical knowledge of one’s own business. We have 
had many examples, especially of recent years. 
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of men being offered controiling interests in busi- 
nesses of which they had little or no technical 
knowledge — and proving successful too — simply 
because they had organising ability, or some other 
quality which outweighed what they lacked. 

The same pnncipie applies to lesser things, and 
conversely a young chemist w’ho has considerable 
technical ability may neutralise the value of this 
in his employer’s eyes by some fault or deficiency 
of a quite ordinary nature. Let us follow' this 
thought for a moment. 

You all know^ that an analysis w’hich is not 
accurate is worse than none, because it is mislead- 
ing; it purports to give certain information, and 
that information is incorrect. And accuracy de- 
pends on cariyung out the method w’hich is capable 
of giving correct results wdth absolute precision 
in every detail.^ 

To the chemist the two most valuable assets — 
essentials in fact — are precision and integrity. 
The first demands the second. Precision is in- 
tegrity in little detail. Apart from our recent 
labour troubles, one thing our industries, and in- 
deed, progress generally, are suffering from, is 
want of precision You can tiace it in almost 
ever\'thing. For economy and progress in manu- 
facture we need a closer approach to the con- 
ditions of the laboratory; finer working and 
greater regularit\ all through. 

In an address to the Cleveland Institution of 
Engineers, 1907, I traced how\ this hindered the 
iron and steel industry, and have repeatedly re- 
ferred to the saune facts in discussion. In short, 
natiopsfel, atid indeed world-wude canker, the 
of the age, is a revolt against precision and ‘ 
painstaking in all the so-called little things of 
life. 

Now the reason I venture to mention this point 
to you is, that no class of men better understands 
the truth of w^hat I say than chemists, and it is 
easy to see how' useful the chemist can be to manu- 
facture, w’hen permitted to control it, not for his 
chemistiy^ alone, but by his influence, the intro 
duction into it of precision, orderly and systematic 
working, and exactitude in detail. 

Indeed, this influence may extend for beyond 
manufacture, and imbue the world around him 
with the same spirit. It is largely through the 
example and influence of chemists that we may 
hope to counteract the plausible, and on that 
account all the more injurious tendency which — 
as many thinking men realise — has spread during 
the last generation through almost all circles, viz., 
the tqudenoy to lax and slovenly w-ays, inattention, 
and 'Icsn^^ftdiiess. The W'ar unfortunately gave a 
certain amount of excuse for general slackness, 
and the public were not slow' to avail themselves 
Df it to the full. 

Those who try to fight it dow’n are generally re- 
garded as being unreasonable, and expecting too 
much: ‘“anybody may forget,” they say”; “you 
can’t expect old heads on young shoulders,” and 
so on. 

People can understand the seriousness of the 
slightest laxity w’hen it is a question of giving the 
wrong tablet on a single line railway, or 
stnuggHng matches into a fiery mine or explosive 
factory ; ' Yet the same holds good for nearly 
evety^ing in life, and is fatal to many young 
people^s progress. ’ ' 

Laxity is really a form of selfishness, 1 #^ 


w'ho yields to it, in order to save himself an in. 
finitesimal amount of trouble, may cause a di^ 
proportionate amount to fall on someone else. 
On similar lines, one department of a works, to 
save itself a little extra trouble and a few coppers 
may cause another department to lose several 
shillings 

Arising out of this, it w'ould be w'ell if every 
chemist w'ho wants to get on — and every employee 
for that matter — would keep in mind that 
a manager’s time is more valuable than his owm, 
and not a minute of it should be w'asted through 
any fault of his. 

The manager’s function is largely creative; he 
has to think out schemes for progress of the con- 
cern. Continual little wastes of his time, whether 
through technical matters or such things as I 
have named, effectively hinder him. Naturally, 
therefore, he values those most w’ho use fore- 
thought and attention, and on whom he can rely. 

Anyone w'ho has studied the run of an express 
train (such as is sometimes given in The 
Engineer) will be struck by the serious reduction 
on the “all-over” speed per hour of a succession 
of short stoppages, and how' these mount up. 

Why do so many who give addresses drift into 
similar non-technical questions } Simply because 
they W'ho give them realise the important bearing 
W'hich these have, not only on our industrial life, 
but our general well-being. 

Let us now look very briefly at several succes- 
sive stages of a chemist’s career, and howr he may 
seek throughout it to improve his status. I need 
say very little as to what is desirable as regards 
the purely chemical part of it, as Ais for each 
branch will be shown him by his chief. If he is 
able to enter the piofe^ion with the training and 
along the lines recommended by the Institute of 
Chemistry, this will have been well looked after. 
If he has not had these opportunities, but, as so 
many young men have done, has gone straight 
into a works* laboratory with only an ordinary^ 
school training, obviously he must try all the 
harder by attending technical classes, and study- 
ing some of the excellent text-books, of which 
there are so many to make good his deficiency. 
But he must not rely on the chief chemist to teach 
him general chemistry, for this hard-workied 
official usually has far too many duties for him to 
be able to do more than instruct him to the 
matters of the particular laboratory, and at most 
give him, if applied to, some general indications 
and advice. But \yhatever the beginner’s chemi- 
cal education, and the' steps he has taken to im- 
prove it, there are many things he can do to im- 
prove. himself and make himself valued. 

He should keep always before him that he has 
entered a frofession, and by intelligent and con- 
scientious work try to live up to the dignity of it 
I have already referred to the advantage of join- 
ing one or more chemical or technical societies, 
and to the imp<^ance of paying very close atten- 
tion to instructions! given him Hence, when re- 
ceiving them, he should remember that it is ^ 
business to make sure he understands 
rectly, not the employer’s to kammer^ them into 
him. He should at once make iKyfes jdf ivhat he is 
told. He must concentrate first learglng' his 
own work as perfectly as possible,: /|Be also 
keep hyfis. and ears open tp Idtoiat and imder- 
stand as miich asf can of |*rocesses that are 
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going on around him. He must get a clear con- 
ception exactly for what object any given analysis 
is made, what information is wanted, what it 
really shows, and how its significance is to be 
most* clearly conveyed and interpreted to non- 
chemists. He should also consider what analyses 
bhould be made to cast light on some particular 
works’ problem. The more advanced his position, 
the more necessar>^ these things are. He should 
study deductive reasoning, but when practising 
this, be veiy careful to keep himself unbiassed. 
He must not try to make facts fit what he wants 
to prove or he will hoodwink himself. Then, 
when he has done this, he should try and be an 
understudy to the man above him. 

As he becomes more experienced he should tiy 
to look at these things as though he were in the 
chief chemist’s place, and think what course he 
would take if it devolved on him to carry out the 
work and investigations. 

If he reads collateral technical literature, such 
for instance as metallurgical and engineering 
newspapers, it helps to broaden his mind, and 
show him some of the problems and points of view 
of other workers. 

The chief chemist in turn should mentally put 
himself in the works’ or ^general manager’s place, 
and ask himself what he would do if he were 
really in that position? Ferliaps when he comes 
to think it out seriously^ iie tods he has not got 
quite 90 many easy solutions to the various prob- 
lems as he may have thought when he was simply 
criticising their action. 

To do as I have indicated tends to increase the 
sympathy and appreciation of each man for the 
one above him, and enables him to give more 
willing and effective service. 

, $0 too, if he is aiming at commencing a publk 
praetke of his own, he must picture himself in 
that position, where he has to stand alone far moie 
than in a works, and where he cannot afford to 
make mistakes at all. 

For, the chemist in public practice depends en- 
tirely on his tepitiaiiofij which means that there is 
expected of him practical infallibility in analysis. 
Hence, any carelessness in him or his staff, if not 
detect^, would be fatal, I need not, however, 
say more about him beyond this, as he is outside 
the scope of my remarks. 

As regards the works chemist, my own feeling 
is that the works’ laboratory’ is the finest possible 
field for a voluntary hard worker, and since the 
test in real life is not what a man knows but what 
he achieves, as a training ground it develops 
ability and resource to an extent which academical 
training alone cannot, the very difficulties bring- 
13^ out a man’s better qualities. 

I should like to see this taken more into account 
by tfiose who from time to time attempt to gauge 
a works’ chemist’s fitness for admission to some 
society, or in any way confer honours, and with 
w’hom at present the qualifications of theoretical 
knowledge still appear to neigh most. 

Xow I wonder whethei I dare say anything tu 
you on so delicate a subject as the use of com- 
bination and trades union principles or methods 
by works chemists for improvement of their 
financial status? 

If I understand lightly, vour Association has — 
reluctantly and through the inelasticity of the law 
— as a matter of form registered as a trades union 


for special reasons apart from the general^ prin- 
ciples, and the majoi'ity of you do not wish to 
follow these. 

I know, hou’ever, that the idea* does rather 
appeal to many young chemists in works who see 
other youths, who do considerably les.s skilled 
work, earning more money. That is why I will 
venture to submit one or two thoughts on it for 
your consideration. 

I mentioned earlier, that the balance and correct 
sense of proportion acquired from the nature of 
their business enabled chemists to deal safely with 
forces otherwise dangerous. So, combination 
used as a weaixm to enforce some concession needs 
to be employed with great care; and with know- 
ledge and realisation of its full effects, direct and 
reflex, or it may defeat the object for which it \ya|. 
employed, or have disastrous effects in an to** 
looked-for direction. 

It would appear that your Association is 
handling it with great care, but many workers 
have experienced its dangerous side, and I fancy 
ideas will be modified a good deal in the near 
future. 

Chemists, as some of the principal thinkers of 
the world, should be leaders^ not ledj and 
although 1 ceft^niy' want to see chemists more 
highly valued and better paid, I 4ou|>t whether 
this method is so suited to their case, and though 
it may succeed as regards payment, especially for 
juniors, it will l:^ harmful in other respects 

It seems to me rather an admission of a weak 
position and of individual inability to rise above 
the average. Then, any soit of standard payment 
(.such as combination secures for a class), always 
depends on averaging, which foi many indi- 
viduals means levelling down^ lather than 
levelling up. 

The wholesale regulation of wages may be 
desirable for inasses of relatively uneducated men 
doing work of a uniform and compaiatively low 
mechanical type, but the chemist should be doing 
work which constantly requires more and more 
ability. Hence he particularly should not be 
bound by anything that checks the advancement 
of the individual, as he improves. 

But the greatest objection to this use of com- 
bination is, to my mind, that its results are usually 
diiectly contrary to the spirit which animates the 
true chemist, namely, the pride in good ivork, 
which it is so desirable should spread through the 
world, and towards ivhich his example and in- 
fluence is so much needed. 

In the early stages there was the pride of the 
craftsman, each man striving to excel in his own 
vocation. Now the whole tendency seems to be to 
hinder men from doing better work than their 
fellows, and to grind them dowm to a common 
level, 

Bv all means strive to improve your financial 
position and material welfaie, but do not adopt 
methods which will react to >our disadvantage 
In vour effort for this, depend chiellv on the 
making of yourselves better, more able, and of 
such ivorth that men nn/si have your services; 
and get the satisfaction of your increasing capa- 
bility, and in the feeling that you have done good 
work. 

^ Perhaps you think 1 am saying far too much 
: about the moral aspect. I have done so because 
I believe that it i? chiefly the moral qualitieb 
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which bring a man success and give him happi- 
ness, and it is these alone which will bring about 
a better state of things in the world between em- 
ployer and employee, and in all the relations of 
life. Can any of you tell me of a better or more 
powerful means? 

I have used the word ‘’moral’’ in its widest 
sense, but I think jou will agree that what may 
really be called moral qualities in the secular 
sense, such as diligence, pei severance, &c., are 
the outcome of the deepei, more spiritual quality. 

I have already referred to the fact that the neces- 
sity^ of recognising these things as vital factors in 
business affairs is being acknowledged more and 
more of late by hard-headed practical men, and 
want to lead >ou a few words, not out of a parish 
magazine by a clerg\man, but out of a very able 
paper before the Ro>al Society of Aits, which you 
will rind in the /. C. Trades Review (Februaiy 
28, iqiQ, p. 263), by the Chairman of Messrs. 
Cammell Laird's, Mr. W. L. Hichens, on ‘‘The 
Wage Problem in Industry.” In concluding, he 
sa3’s : “Ultimately ail industrial questions as well 
as all other questions affecting human relations 
resolve themselves into moral pioblems, and how* 
far w'e succeed in solving these questions depends 
on the degree of moral consciousness . . . The 
words ‘Seek ye first the Kingdom of God, and all 
these things shall be added unto \ou,' have be- 
come a commonplace of literatuie, and are prob- 
ably endorsed in church on Sundays by innumer- 
able congregations as sound doctrine, but in- 
applicable to the affairs of every day business.” 
0®ct back in the workaday world, common sense 
prompts us to murmur : — 

** Ah, take the cash aiid let the credit go, 

Nor heed the ramble of the distant drum 

But is it really common sense ? 

The Presidential addiess to the Economics Sec- 
tion (F) of the British Asso<iation given by the 
same author and published in the September 16, 
1921, number of the »ame joiunal, pp. 395-6, also 
very abh deals w*ith the same problem. 

Unless men with the knowledge and balance of 
chemists will believe and act on these principles 
in their lives, how’ can we expect workmen or 
others to do it ? 

Until the employee, and in fact, every one who 
has a commodity to sell, whether it be goods, 
brains, or manual labour, learns that his self- 
esteem demands that he should be as much con- 
cerned to give good value as to receive it, we shall 
never have a really satisfactoiy state of affairs. 

I feel sure you will have gathered from what I 
have said that both for happiness and for success | 
in business one must have the driving force of a 
definite ideal 

A man may be a good chemist technically', and 
yet not achieve much for want of this. 

On the other hand, there are men who show no 
moral a«;pirations, and will tread on anyone’s 
shoulders to get on rapidly. They don't get on 
because of their objectionable qualities, but in 
spite of them, because they have an ideal, albek 
a low one, and are ahvays w^orking towards it. 
Hence, though they show no concern for others, 
they study their employers, anticipate their wishes, 
and make the^aselves as useful as they can to 
them. 

Now* a few^ final words, especially to the younger J 
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men. Don't waste time thinking over the in- 
justices you have suffered. Everyone suffers lots 
of injustice and hindrances in their attempt to get 
on. If blamed, consider carefully w’hether there 
is not really some justification. Then you will 
extract an\ good there is to be got out of it. 

Don't exaggerate the idea of your own value, 
but make sure that vou really are valuable. 

Don’t be discouraged if success seems a long 
time coming. 

Fix on a strong, clearly defined ideal, and 
“think high'’ If \our ideal is low’ you wull 
achieve a low standard. Then have confidence in 
yourself, and don't be afiaid to follow wherever 
it leads you. 

You will then piobabl\ luul juui piesent posi- 
tion offeis, or can be made to offer, wider oppor- 
tunities of advancement. If \ou aic quite sure 
you can't achieve it in that position, then leave it, 
and if you really have the value you think, you 
are bound to get a better — you can’t sink. 

I cannot do better than conclude with two 
verses from Ella AYheeler Wilcox’s “Limitless” : 

When the motive is nght and the will is strmig 
There are no limits tohaman power , 

For that great force back of us moves along 
And lakes us with it m trial’s hour. , 

And whatever the height you yearn to climb» 

Thoi^h It never was trod by the foot of man, 

And no matter bow steep — I say you CAN^ 

If you will be patient- -and use your time ” 


A SIMPLE RECEIVER FOR 
FRACTIONAL DISTILLATION UNDER 
DIMINISHED PRESSURE. 

By E. J. WILLIAMS 

Tiik subjoined sketch illustrates a receiver, work- 
ing on the principle of that of Lothar Meyer, for 
fi actional distillation under reduced pressure. 
The receiver of Lothar Meyer has not hitherto 
l3cen manufactured by any Engli^ firm. It is 
rather a fi agile piece of apparatus, and the form 
at present exported from Germany (with a ground 
glass joint) requires firm handling v\hilbt chang- 
ing the receiver. 



The form illustrated can readily be constructed 
in the laboratory’, A small wfide-necked tap- 
funnel is fitted with a two-hoied stop^r. Through 
one hole passes an adapter into which the con- 
denser tube leads. A tube through *the other hole 
is connected with a T-piece, one' ann of which 
leads to the mahometer and pump. The receiver 
is a saaall dfstiRatioB fiask to whose side 
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tube IS connected a second T-piece joined up as 
sketched, A and B being screw-clips. 

To change the receiver c and A are closed, then 
B is opened, when the small distillation flask may 
be disconnected and replaced by another Avithout 
interrupting distillation. B is then closed and A 
opened followed by C. 

The clips A and B, with their connecting 
T-piece, may, of course, be replaced by a three- 
way tap, which may be made in one with the 
upper T-piece. 

Royal Grammar School, 

Newcastle-on-Tyne, 


THE AIMS AND BOUNDARIES OF 
PHYSIOLOGY* 

By Sir WALTER M. FLETCHER, K.B.E., M.0. Sc.0 , F.R.S. 

Upon the occasion of our meeting m this metro- 
politan city of Edinburgh, the seat of an ancient 
university and a great centre of medical study 
and practice, it has occurred to me that it may be 
profitable for us to consider the part which 
physiology should rightly take in its relation to 
national life, to learning, and to medicine. Not 
only the place of our meeting, indeed, but some 
special circumstances of the present time seem to 
make it fitting that we should here review the 
progress, the proper scope, and the prospects of 
our chosen subject. We are now just half-a- 
century from the time when physiology first came 
to take its present position in this kingdom as 
one of the great branches of university learning 
and as a vital branch of medical education. We 
have seen the close of a war which, though it 
diverted and distorted the progress of the science, 
yet brought it great opportunities of service in 
national life and taught us lessons, here as in so 
many other directions, of which we shall do well 
to take profit. The passing of the War, more- 
over, has brought a period of change and unrest 
during which impulses towards reform are being 
chequered by the results of fatigue or reaction. 
Both here and in America it may be said that, 
while physiology has come from the Avar with en- 
larged outlook and responsibilities, it is exposed 
to some new and perhaps dangerous influences 
in the present time of rapid resettlement. It may 
be Avorth while, then, to look noAV both forward 
and back, to see the road by Avhich we have 
hitherto been led and its relations to that which 
now lies before us. 

. 1 . 

Physiology, as the passing generation has 
known it, took shape and established its boun- 
daries in this country just fifty years ago, when, 
shaking off its long subordination to anatomy, it 
was brought to a new life of recognition and pro- 
gress. The seventeenth century had seen England 
famous for her schools of physiologists, leading 
the rest of the Continent in experimental results 
and in new ideas. Working upon the foundations 
laid by Harvey, that brilliant group at Oxford — 
Boyle, Lower, Mayow, Willis — ^had brought new 
light to the study of the living body. Nor was 
their service only recognised by fellow-workers 
abroad or by those that came after. Their names 
and fame were on fashionable lips; like that o f 
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their predecessor Harvey himself, under Charles 
I., and of^ that other Cambridge philosopher 
Glisson, their immediate contemporary, their work 
was aided by the direct interest and favour of the 
sovereign. But, during the eighteenth centurv’ 
and the earlier part of the nineteenth, eclipse fell 
upon the light that had thus burned so brightly, 
though isolated gleams shone here and there. 
James Jurin, under George 11 . , applied the New- 
tonian principles to calculating the work done by 
the heart and to other problems of the body, but 
his efforts to lay true and exact foundations for 
the study of disease were premature in the absence 
of experimental data. Stephen Hales, Chaplain 
to the future George III., made the fii'st measure- 
ments of blood pressure in his garden at Tedding- 
ton, and made many far-reaching observations of 
the first importance; but, as he wrote, there 
indeed “abundant room for many heads and hands 
to be employed in the work, for the wonderful 
and secret operations of Nature are so involved 
and intricate, so far out of the reach of our 
senses . . and it was not then or till much later 
that many heads and hands were ready to be em- 
ployed. Neither of these men had effective in- 
fluence upon the thought or practical affairs of 
their day, either within the universities or out- 
side them. * 

Physiology, as we know it now in this country, 
took its shape in a new revival AA'hich may be , 
reckoned as beginning half-a-century ago. All our 
chief schools may be said to derive their lineage 
from that new home of active and unshackled 
inquiry — I mean University College, in Goner 
Street, London — and from the influence there of 
an Edinburgh graduate, William Sharpey, who 
at the age of thirty-four was taken from the 
Edinburgh school to be Professor of Anatomy 
and Physiology, Here, from 1836 until 1874, 
Sharpey Avas inspiring a group of younger minds 
with his eager outlook. Already in F ranee the 
new experimental study of the living functions 
was being established by Claude Bernard — that 
true “father in our common science,’’ as Foster 
later called him ; already in Leipzig Ludwig, 
transmitting the impulse of Muller’s earlier 
labours, had founded that school of physiology 
which moulded the development of the subject in 
Germany and other countries, and had very strong 
early influence upon several of those who were 
later to become leaders with us. England had 
lost the pre-eminence that Stuart kings at all 
events had valued and promoted. Learning had 
become identified in English society with the 
mimetic use of the dead languages, and progress 
at the two universities — even at the Cambridge of 
NcAAton, where mathematics kept independence of 
thought alive — ^^vas still impeded by the grip of 
ecclesiastical tradition and by sectarian privilege. 
But at University College learning had been un- 
fettered. Here Sharpey and his colleagues were 
in touch with the best progress in France and Ger- 
many, and here the organised study of physiology 
as a true branch of university study may be said 
to have begun. Its formal separation from 
anatomy came later and irregularly; a separate 
Chair of Physiology was not created at University 
College until 1874, nor at Cambridge or at Oxford 
until 1883. 

We ought in piety to recognise that this tardy 
reflection of Continental progress in ,oqr own sub- 
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ject, like parallel movements in other subjects; 
had in its early stages received invaluable aid 
from the Prince Consort, who, familiar with the 
progress of other countries, had lent his influence 
and sympathy to many men of science in their 
struggle against the insularity and apathy of the 
wealthy and governing classes of the earlier Vic- 
torian days. The curious may take note that the 
first outward mark of recognition given by the 
official and influential world to the existence of 
physiology as such was given not, as in other and 
poorer countries much earlier, by the endowment 
of some chair or institute for research and teach- 
ing, but by an act of symbolic representation. 
For, when the expensive statuary’ of the Albert 
Memorial was completed in 1871, it was found 
that “Physiology,” betokened by a female figure 
with a microscope, had been given its place among 
the primar\" divisions of learning and investiga- 
tion acknowledged in that monument to the 
Prince. 

From Sharpey himself and his personal in- 
"fluence we may trace directly onwards the de- 
velopment of all the chief British schools of phy- 
siology w'hose achievements have in the past half- 
century restored Britain to more than her old 
pride of place in this form of service to mankind. 
We here fittingly acknowledge first the close link 
with Sharpey which we find here to-day in Sir 
Edward Sharpey Schafer, who, after fruitful 
years in his old teacher’s place at University Col- 
lege, brought that personal tradition back to this 
great school of Edinburgh from whence it origin- 
ally came. At University College itself the line 
has bden continued with undimmed lustre by 
Starling and Bayliss and their colleagues to the 
present day. From Sharpey’s school again are 
’derived the great branches which have sprung 
from it, both at Oxford and at Cambridge 
Burden Sanderson ^ Sharpey ’s immediate successor 
at University College, proceeded thence to Oxford 
and founded there, against many difficulties of 
prejudice and custom, the school of physiology 
which Gotchj Haldane, and Sherrington have 
nevertheless maintained so brilliantly in succeed- 
ing years. To Cambridge, Michael Foster, one 
of Sharpey’s demonstrators, was invited in 1870 
by Trinity College to be Praelector in Physiology 
and Fellow of the College, This enlightened and 
then almost unprecedented act, no less than the 
personal qualities of Foster that so aboundingly 
justified it, I would, as in private duty bound, 
hold here in special remembrance. Under 
, Foster’s influence there came into being at Cam- 
bridge a strong and rapidly growing school of 
physiologists, from Langley, Gaskell, Sherring- 
ton, Hopkins, to numerous successors. There 
sprang from him, too, a new impetus to other sub- 
jects, through his pupils Francis Balfour and 
Adam Sedgwick to embryology and zoology, 
through Vines and Francis Darwin to botany, 
through Roy to pathology. From Foster again 
through Newell Martin, who, coming with him 
from London, had caught not only inspiration 
from him but some of his power of in^phing 
others, and who left Cambridge for a ,at 

Baltimore in 1876, we may derive a large part of 
the growth and direction of physiology since that 
time in the United States and in Canada, The 
rapid progress of all these biological sciences at 


Cambridge wdthin a single generation, and the 
volume of original work poured forth depended^ 
of course, upon two necessary conditions. The- 
first is one wffiich has never failed in this country 
— the existence of men fitted by temperament to 
advance knowledge by experiment. The second 
has been the supply of living necessities through 
the ancient endowments of the colleges, and these 
m the Cambridge of the last half-century have 
been freely and increasingly used in catholic 
spirit for the increase of any of the borders of 
knowledge. 

If these have been the chief lines of descent 
along which our present heritage has come to- us, 
as mind has influenced mind and the light has 
been passed from hand to hand, what has been 
the outcome as we look back over the half-century 
to those small beginnings? 

T ruly we can say that the workers in this 
country' have in that short space of years laid the 
whole world under a heavy debt. In whatever 
direction we look we seem to see that in nearly 
all the great primary. fields of physiological know- 
ledge the root ideas from which further growth is 
now springing are in great part British in origin, 
and based upon the work of British experimenters. 
If we consider the blood circulation we find that 
our essential ideas of the nature of the heart-beat 
were established by Gaskell, and that other first 
principles of its d>namics and of its regulation 
; have been laid down by successors to him still 
with us; that the intricate nervous regulation of 
the arterial system has had its chief analyses here, 
and that here have been made more recently the 
first demonstrations of the part played by the 
minute capillary' vessels in the regulation of the 
distribution and composition of the blood. Of the 
central nervous system the modem conceptions of 
function in terms of the purposive integration of 
diverse impulses along determined paths have 
sprung direct from British work, while the ele- 
mentary analysis of the structure and functions 
of the sympathetic nervous systems has been 
almost wholly British in idea and detaill As with 
the nervous regulation of the body, so with the 
chemical regulation of function by travelling sub- 
stances — ^the so-called “hormones,” or stimulants 
from organ to organ — this, too, is a British con- 
ception enriched by numerous examples drawn 
from experimental work in this country. In the 
study of nutrition, of the primary “foodstuffs,” 
proteins, carbohydrates, fats, salts, and water; 
whose names in their supposedly secure sufficiency 
were written with his own hand by Foster upon 
the blackboard shown in his poftrait by Mr. John 
Collier, to typify, as we may imagine, a basal 
physiological trfith, we have come to learn that 
these alone are not sufficient for growth and life 
in the absence of minimal amounts' of accessory 
unknown and unstable substances, the so-called 
“vitamins,” which are derived from pre-existent 
living matter. This conception;' undreamt of to 
the ' end of the nineteenth century, has funda- 
mental value in medicine and in agricultrtne, and 
has already begun to bear a harvest of 
fruit of which the end cannot he pr jthe 

beneficence measured. This discovery stands tk 
our national credit, and large parts # Its devckipi- 
ment and applkatlon have been dhe recent 
^Britiiffi, turn ,# 3 ^ 'regaiation oi 



268 


r Chemical News 

L November i8, 1921 


Aims and Boundaries of Physiology. 


respiration and its close adaptation to body needs^ 
that also, as it is now known to the world, is 
known as British labours have revealed it, just as 
the liner analyses of the exchanges of gas between 
the air and the blood and befween the blood and 
the body substance have been made wnth us. The 
actual modes by which ox>"gen is used by the 
tissues of the body, its special relations to muscu- 
lar contraction, the chemical results of that con- 
traction, the thermal laws which it obeys — all 
these fundamental problems of living matter have 
seen the inost significant steps to their solution 
taken within the past generation in this country. 

Work of this kind bnngs permanent enrichment 
to the intellectual life of mankind by giving new 
and fuller conceptions to the natuie of the living 
organism. That we may think is its highest func- 
tion ; but it does more than this. Just as all gains 
in the knowledge of Nature bnng increase of 
power, so these discoveries of the past fifty years 
have their place in the fixed foundations upon 
which alone the science and the arts of medicine 
now or m the future can be securely based. The 
special study of disease, its cure and prevention, 
has had notable triumphs here and elsewhere in 
the same half-century, and these as they come 
make as a rule a more spectacular appeal to the 
onlooker. Yet it is the accumulating knowledge 
of the basal lavrs of life and of the living organ- 
ism to which alone we can look for the sure estab- 
lishment either of the study of disease or of the 
applied sciences of medicine. As we have seen, 
there are few indeed among the fields of inquiry 
in the whole range of physiology in which the 
British^ contributions to the common stock of 
ascertained knowledge or of fertile idea do not 
take a foremost place. It would be impiety not 
to honour, as it wcmld^ be stupidity to ignore, 
these plain facts, which, indeed, are now perhaps 
more commonly admitted abroad than recognised 
at home. There is no occasion here for any 
spirit of national complacency — rather the re- 
verse, indeed. British workers at no time earlier 
than the War have had the menial assistance or 
other resources which their colleagues in other 
countries have commonly commanded, and too 
often the secondary' and relatively easy develop- 
ments of pioneer work done in this country have 
fallen to well-equipped and well-served workers 
elsewhere. If in the past half-century better sup- 
port had been available from public or private 
sources, or at the older universities from college 
endowments, it is impossible for any well- 
informed person to doubt that a more extended, if 
not a more diversified, harvest would have been 
won. 

We stand too near to this remarkable epoch of 
progress to appraise it fairly. In the same span 
of years Nature has yielded many fresh secrets 
in the physical world under cross-examination b> 
new devices^ which have themselves been lately 
won by patient waiting upon her. So great a 
revelation of physical truth has been lately made 
in this country, bringing conceptions of space and 
of matter so swiftly changing and extending, that 
our eyes are easily dimmed to the wonders of 
that other new world being unfolded to us in tbe 
exploration of the living organism. Only the 
lapse of time can resolve the true values of this 
or that direction of inquiry, if indeed there be any 
true calculus of "‘value’* here at all. We seem tch 


see in the progrcbss of pli\ siology, not at few but 
at many points, that we stand upon new paths just 
opening before us, which must certainly — as it 
seems — lead quickly to ne-w light, to fuller vision, 
and to other paths beyond The advances of the 
next half-century to come must far exceed and 
outshine those due to the efforts of the half- 
centui> jubt clobing ; that is probably the personal 
conviction of us all. Yet w’e may still believe 
that thiough all the history’ of mankind recog- 
nition will be given and honour be paid to the 
steps in knowledge which were made first and 
made securely in the period we now review’. The 
men who have done this w’ork w’lll not take pride 
in it for themselves ; they know^ that their strength 
has not been their own, but that of the beauty 
which attracted them, and of the discipline which 
they obeyed. They count themselves happy to^ 
have found their favoured path. Other and more‘ 
acute minds might have usurped their places and 
found greater happiness for themselves if, under 
a social ordering of another kind, they had been 
turned to the increase of know’ledge instead of to 
the ephemeral, barren, or insoluble problems of 
convention and competition. By how much the 
realised progress tow’ards truth and the power 
brought by truth might have been increased under 
a changed social organisation we can never know, 
nor can we guess what acceleration the future may 
bring to it if more of the best minds are set free 
within the State for work of this highest kind, 
what riches may be added to intellectual life, or 
what fuller service may be given to^ the practical 
affairs of man and to the merciful w’ork of 
medicine, 

II. 

To the stoiy of piogress which has just been 
sketched in outline the War brought inevitable 
interruption and change. To the more obvious 
disturbances and wastage of war I need not here 
refer, but I w’ould point to some influences of that 
time w’hich will be found, I think, to have left 
permanent effects, and on the whole good effects, 
upon the position and tendencies of physiology. 
Before 1914 physiology was being developed, as- , 
we have seen, in its still youthful status as one of 
the primary departments of knowledge; it had be- 
come a subject of independent university rank 
Large and important parts of this development 
had pioceeded at one or other of the ancient uni- 
versities, out of touch with great centres of popu- 
lation, and out of touch, therefore, with imme- 
diate medical needs. In some degree this was not 
without advantage, and for two main reasons 
Detachment from the pressure of need allow'ed 
the free pursuit of knowledge for its own sake 
and a full surrender to the hintings of Nature, 
wherever her clues might lead the inquirer. Ex- 
perience amply showed, moreover, that when 
physiology was presented among other university 
subjects for study it gamed, first as recruits and 
latei as distinguished w^orkers, many able young 
men who were attracted to it, often from other 
subjects, by the fascinations of its problems, and 
without regaid to any of its potential- applications 
to medical or any other practical ends.' These 
were great gains which it w^ould be easy, if it were 
not unnecessary, to illustrate by many convincing 
examples- Yet there were some heavy counter- 
weights on the other side of the balance. The 
practical and urgent needs of humanity as found 
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at the hospitals were not brought \\ith full or due 
effect to the notice of physiologists. Those in 
charge of hospital patients were not selected to 
advance, or habitually engaged in advancing, 
medical knowledge, and new physiological con- 
ceptions as they took shape in our laboratories 
only slow’ly and partially came to have effect in 
medical practice and medical study. The physio- 
logist, to his own certain loss and to the no less 
certain loss of medicine, held aloof from the beO- 
side, often \vhen accebs was pobbibie,and nemained 
immeised in his laboratory inteiests. Little 
pressure, indeed, was ever brought to bear upon 
him by the physician to come to his aid. Con- 
nected with the evils of this bepaxation the 
divorce which the accidents of development had 
set up between physiology and iiathology, as 
though the study of the damaged body could be 
separated from the science of the living organism 
and of Its reactions to any disturbance from the 
normal. Yet, while the physician had come to 
tolerate the approach of the pathologist to the 
bedside, it occurred too rarely that he felt the 
need of the physiologist, or made himself familiar 
with new devices of physiological investigation. 

If from a hospital in time of peace the most 
obvious call had seemed in the past to come fiom 
the side of infective, disease or morbid inocess 
foi the help of the pathologist, in w'ar the stresses 
put upon the healthy human body made the 
physiologist and his methods indispensable 
Bacteriological work and studies of immunit> 
had their prominent place, of course, in the detec- 
tion and prevention of infective disease, and 
wonderful were many of the achievements seen 
under this head. But in a sense the more com- 
plete the preventioiv of infective disease the more 
apparent became the physical stresses of war. 
The violences offered in modern warfare to the 
human body — whether through exeition and ex- 
posure, by terrui 01 excitement, in physical 
damage by lead or steel or in chemical attacks by 
poison, and not least through the mciedible 
Stress of fi>ing high and lighting m the atr — all 
these brought many new and urgent calls for pre- 
cise ph\siological knowledge and for new’ studies 
b> the physiologist The results of pain and 
tear, of hsemorrhage, of ‘'shock” by w*ound 01 
operation — all these needed further analysis be- 
fore sound treatment could be devised or im- 
pioved. New’ studies were needed of changes in 
} 3 lood-pressure and blood-volume and in the quali- 
ties of the blood itself, new inquiries into the 
i liqer vessels of, blood circulation and their rela- 
‘ tioB to the nery^ns and other systems, and new’ 
analyses of the chemical mechanisms of the body 
and of the modes by w’hich want of oxygen is 
met by adaptation or leads to final damage. But 
the w*ell-nigh incredible demands made upon the 
machinery of man’s body in and behind the 
battle-line, in all situations upon the land or 
under the earth, high in the upper air, in the sea 
or within its depths, by no means make up the 
tale. Our forces were engaged in every climate, 
from the Equator to the Arctic regions, and were 
faced by innumerable local or accidental varia- 
tions of diet. Here again were required the appli- 
cations of physiological studies of heat loss and 
of heat production to manifold practical problems 
of clothing and of diet, Wbativould have seemed a 
fanciful tale barely 20 years ago might in particu- 


lar be told of the miracles wrought by the studied 
application of our neiv knowledge of Vyitamins” 
in diet, in saving from painful ^^sease or death 
many thousands of men in diverse climates and 
tields of w’ar 

At home the bodies of the civilian ixipulation 
were exposed to many stresses, often hardly less 
than those of active service. Men and women 
alike were exposed to arduous toil, to dangerous 
occupation, to poisons of many kinds needed for 
munitions, and in all of these, dangers the guid- 
ance of the physiologist was needed for the 
avoidance of industrial fatigue and loss of output 
and for devising protection against industrial 
poisoning. The whole nation w asthreatened by 
the menace of starvation, and our escape from 
that, itself one of the governing conditions of 
our ultimate victor\’, w’as due to a s\stem of 
rationing and of the management of food 
materials, animal and vegetable, which was based 
on accurate physiological know’ledge, w’on by ex- 
perimental methods. 

^ I touch on these pqints here briefly and in out- 
line only in order to draw attention to the special 
influence which, I think, the War has exercised 
upon the position of physiology in this country. 
The physiologists gave no exceptional help to 
the nation during the War ; the exponents of every’ 
branch of science were needed, were ready, and 
w’ere used, in our national crisis. Hardly one 
division of science can be named the deficiency 
of w’hich w'ould not have made defeat inevitable. 
It is a truism and a commonplace to say that with- 
out the help of scientific men and of the fruits of 
experimental science, though that commonplace 
has not, I think, ever yet been enshrined in the 
addresses or thanks of Parliament or in the 
prayers and thanksgivings of our churches. But 
we may recognise, perhaps, that the nation as a 
whole, and those especially who have the govern- 
ment, public or private, of large groups of men 
in their hands, have learned that obedience to 
physiological law is a fiist necessity for the main- 
tenance of the body machineiy in health and for 
its effective and harmonious use. They have 
^come to knqw, moreover, that the men who alone 
can guide them to this obedience are those who 
have learned in the school of investigation from 
Nature herself. The nation has seen a Minister 
fall whose control of the people^s food was not 
ba^d on physiological law’, and his successor 
gain renown whose adoption of the teaching of 
physiological experiment was early and faithful. 
Nor ivas this by any means an isolated object- 
lesson. There is so doubt, surely, that physio- 
logists have a new vista before them of immense 
public usefulness, if they will hold theniselves in 
readiness to give the same kind of service to the 
country in the stress of her industrial life during 
l>eace as they gave so freely and to such effect in 
time of war. 

But if the War brought these lessons to the 
genera] public, what lessons have come from it 
to the physiologist lumseif? I w'ould osily. recall 
briefly here the considerations which were laroughl 
home with sufficient clearness to us all, I thmk, 
during and after the closing stages of the struggle. 
The War, in the first place, display^ before us 
new and gigantic fields of physiological stu<^. 
Viewiaqig these so far as we qan, even at this dis- 
tance, dispassionately, we see how the stresses 
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and accidents of warfare in all their variety 
offered to our study a series of experiments made 
upon the human body, and on a gigantic scale. 
Only by disciplined study of the results at all 
stages of these trials of war in all their varying 
degrees of horror and distress could effective aid 
be given in palliation of suffering or its avoidance 
It was inevitable that study of this kind and upon 
so great a scale should result — as, happily, it did 
result — ^in much permanent gain to physiological 
knowledge and to the beneficent power that all 
sound knowledge brings. New insight was given 
into the functional patterns of the nervous system 
and into the orderly hierarchies, so to speak, under 
which this or that function is brought into subor- 
dination to another of superior rank, and new 
knowledge was gained of the phenomena of 
Separation and repair in the outlying nerve- 
trunks. Accurate information was collected of 
the nutritional needs, quantitative and qualitative, 
of human beings under varying conditions ; and 
in particular, many special conditions of warfare 
brought to the test, established the fundamental 
usefulness, and stimulated the growth of that 
newest chapter in physiology already mentioned — 
that dealing with the elusive but ^tent acces- 
^ry factors in nutrition — ^the vitamins. These 
examples must suffice where scores of others 
familiar to ail of you might be given. 

fe the second pl^e, the experience of the Wai 
has had wholesome effect from its tendency to 
r^ove the barrierrs that here and there had growfe 
xxp between physiologists and the practical needs 
of medicine- Physiologists had valued, and justly 
valued, their academic freedom of inquiry within 
die universities, and indeed, we know that prac- 
tical utility could not be better served in the long 
run than by the detached pursuit of knowledge 
for its owp sake. But, paftly for reasons of hos- 
pital and professional organisation already 
touched upon, and partly because, to its obvious 
and immense gain, physiology had attracted from 
other paths men who were not, and had never be- 
come, medical men, there were some capital parts 
of the subject of which the chief explorers had 
never used the medical field of 'work or brought to 
medicine the weapons they had, unwittingly, at 
command. We can recognise already that this 
partial divorce has been changed by the War into 
a union likely to be increasingly fertile. Of the 
pfofessorial chairs of medicine or directorships of 
medical units established since the War, for the 
advance of medical knowiedge within hospitals 
in accordance with the university' standards and 
ideals acknowledged in other subjects of study, 
it is remarkable that to the greater number of 
these there have already been appointed men 
whose training has been in the methods of physio- 
logical laboratory, and who applied that training 
to urgent medical problems of the War. There 
is hardly any one of our schools of physiology, 
moreover, to which some piece of living ex- 
perience has not been brought in these last years 
to enforce the old lesson of the value to science 
itself of bringing natural knowledge to its fullest 
utilitarian applications. The practical fruits of 
scientific labour are found, if our hands are put 
to gather them, to contain within themselv,es, 
* Ife the natural fruits of the earth, the very se^s 
' rirto which new knowledge and new fertility will 
spring. Many of our leaders in physiology 


brought to the problems of w^ar the accumulated 
knowledge of their lives, as patriotism and 
humanity dissolved at a touch the hedges of cus- 
tom and use. I know of not one such who did 
not find in the application of his vision and train- 
ing to the actual problems before him, first, a 
wholesome leminder of the limits of his know- 
ledge and its clarity, and, second, new clues to- 
wards its advance, and that by no means only in 
a familiar or an expected direction. The stimu- 
lus of practical need here, as so often in ex- 
perience, advanced the growth of knowledge be- 
yond the point of immediate application to prac- 
tice. Those who studied to find the best and 
most practical means of saving life threatened by 
severe haemorrhage, or by the shock of wounds 
or operation,' found in the course of meeting the 
immediate emergencies almost endless promptiB|f^, 
to further enquiries, to be followed then or later — 
inquiries into the physical, chemical, or biological 
qualities of the blood, into its relations to the 
vessel walls, and into the functional changes of 
the capillary blood system and the factors affect- 
ing or controlling them. Those who fixed their 
attention upon the damage wrought in the respira- 
tory organs by poison gases were led to many new' 
studies of the fundamental physiology of the 
lungs. The lymphatic system of drainage of the 
lungs was re-examined, and wide new experi- 
mental studies of the modes of regulation of the 
breathing were undertaken which have thrown 
new and valuable light upon the normal mech- 
anisms of respiration. An inquiry into the 
poisonous action of the high-explosive trinitro- 
toluene^ and into the possibility that slightly ab- 
normal forms of this substance, found as a small 
contamination of the normal form, might be 
specially toxic, led to a clear negative answer. 
But it led unexpectedly, it is both curious and use- 
ful to note, to the discovery that one of these 
abnormal forms w’as an effective reagent in the 
laboratory. By its means the chemical structure 
of a constituent of muscle substance known as 
camosin was for the first time determined, and 
carnosin has now been synthesised artifk^ly , 
from simple materials. 

In sum, then, we may gratefully recognise that 
the War in its horror and waste has not brought 
evil without any admixture at all of good. We 
may be encouraged at least to hope that the active 
co-operation which the War established and 
fostered in diverse ways between the physiologist 
and the medical or surgical clinician may remain 
to bring lasting good, on the one side to the cause 
of learning and its advance, and on the other to 
medical education and to medical progress. 

III. 

If w'e have looked backward to the development 
of physiology in the past half-century, and to the 
influence upon its course which the War has 
brought about, I would invite you to look forward 
to the future and to review the aims of physiology 
and the boundaries to which it should properly 
extend in its relations to other subjects of study. 

Foster, early in his work at Cambridge, spoke 
of physiology as being the study of the differences 
between the living body and the dead body. The 
progress of this study, as it has been carried on 
during the past generation, may be considered 
from two directly opposite points of view. Viewed 
in one way, we may think of this progress as being 
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a progress in analysis, as a disentanglement of the 
diverse though not separable functions of the 
body and of each of its parts. Viewed again, we 
may see it as a steady progress towards synthesis, 
towards the unification of all the contributory 
functions of the parts into a single functional 
organism. 

The analysis of the separate functions of each 
part of the body was an inevitable mental pro- 
cess as the anatomist revealed more and more 
accurately the visible machinery of the body. 
Bichat at the beginning of the nineteenth century 
had taught that the activities of the body must be 
the sum of the activities of the organs. The 
announcement of the universal cellular structure 
of the organs made by Schwann seemed but to 
carry^ this analysis one step further, and to show, 
that in the sum of the activities of the constituent 
cells could be found the adequate expression of 
the functions of the whole body. The rapid im- 
provement of the microscope in the latter half of 
last century, combined with the new resources of 
the aniline dyes by which transparent structures 
could be differentiated and made visible, greatly 
stimulated the analytic study of the body. As the 
various glandular structures were made vibible, 
and even, as it almost seemed, the inner life of the 
gland cell was revealed, as muscle fibres in their 
different kinds were made plain and the hardeor 
elements of the body resolved into the architec- 
tures due to different kinds of constructive cell, 
so it seemed to many that in a little more we 
should hav^ the q^st resolved in an appeal to a 
cougerie? of physico-chemical events within the 
individual cells. Even the mysteries of the cen- 
tral nervous system seemed to be dissolving as the 
new’ powers of histology, coupled w’lth refined 
methods of experiment, showed the intricate pat- 
tern of communicating fibre and ceil and gave 
provisional descriptive explanations of many iso- 
lated nervous phenomena. 

(To be oontiuued). 


NOTE ON THE 

FORMATION OF HEXACHLORETHANE 
FROM CHLORPICRINE. 

By OSWALD SILBERRAD. 

When hydrochloric aciu ga& is passed through 
chlorpicrine 100® C, and the mixed vapour so 
qh^lned through a tube filled with pumice and 
heated to 400*^ C., the bulk of the chlorpicrine 
suffers decomposition into phosgene, nitrosyl- 
chloride and nitric oxide; a small proportion is, 
how’ever, converted into hexachlorethane, w’hich 
may best be collected by passing the cooled gases 
through a tube lightly packed wdth asbestos. On 
extracting the asbestos with a mixture of alcc^ol 
and ether, the hexachlorethane w’as obtained as 
rhombic tablets wiiich volatilised without melting, 
but on heating in a sealed tube aftei" re- 
sublimation, melted at 189® C,, and proved on 
analysis to be hexachlorethane. 

Found Cis=^8Q*2 per cent. CaCh requires 

Tbe Sitberrad Hes^^ardb Laboiatones, 

Buckbmist HiU, Essiex. " 


NOTE ON NEGATIVE OPTICAL 
ANOMALIES. 

By GERVAISE Le BAS, 13.be. 


The writer has recently pointed out the preva- 
lence of negative anomalies which affect atoms 
like bromine^ oxygen^ and sulphur in organic 
compounds. These signify a depreciation of the 
optical refractivity below the normal atomic 
values as found in saturated compounds. 

One of the outstanding facts is that the depre- 
ciations amount to —0*52, —rob, and values in- 
volving the disappearance of and 

' O (2’ 24)* 

Among the series of compounds which are 
affected are furfurane C4H4O —0*52, thiophene 
C4H4S — I’lo. It has been showm that substituted 
furfurane compoimds like furfural do not show 
this negative anomaly. The following thi<^>hene 
derivatives give results from w'hich additional 
conclusions may be drawn : CH^ 4*60, S ^’96, Cl 
5*96, Br 8*79, ra S 6'86 (lower value). 



Shtji 

29*80 


A 

4-0*26 


5 chloro 2 butyl thiophene 

CH : C^Cl 

1 48*62 4^50, -fo’b 

CHrC^C.H, 


5 bromo 2 huiyl thiophene 

CH : C— Br 

j 51-27 5] 

CH : C— C.H, 


51-27 51-33 -0-05 


2 chloro 3 methyl thiophene 
CIl,_C : C— Cl 

j 34-10 34-70 

CH; CH 


— o*6c 


2 bromo 3 methyl thiophene 
CH 3 .C : C— Br 

j yS 36*86 37*53 -0*67 

CH : CH 

The nett value for sulphur in thiophene is S 
7*9b- 1 •10=6*86, is entitled to be regarded as the 
characteristic one, since it fits m between Cl 
ra 5*96 and F 7*77. The atomic refraction of 
sulphur in the mercaptans, thio ethers, &c., 
viz ’ 7'^, would thus show a positive anomaly of 
-bi’io (8x0*14) cpi 

Ra H3S 8*91 r*S 6*79 

H»P icr 95 raP Tl7 ‘ * 

(Bleekrode: Jamin’s “Cours de III, 

Hie above Ts^le shows that « 

2 in posithm 3 can Jreduce the pega^ye ejaoiaaaly 
to zefO. positions i anpd 5 are nearer 

■ than shtma the. formula' (central position of 
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sulphur); (3) substitution on both sides of the 
sulphur atom practically neutralizes the negative 
anomaly; (3) the full substitution of one ethenoid 
group or substitution on one side of the molecule 
leduces the negative anomaly to half, — o*6o 
(4X0*15); (4) Cl, Hr, have lost their usual positive 
anomalies for substitution 


r\ 

CH : CH 

It is clearly seen that anomalies analysed as 
done by the writer in such a way as to distinguish 
between the tw*o sides of conjugated unsaturated 
groupa is the only one possible. This method of 
attack appears to make it necessary to recognise 
electrons as the units which retard the light, and 
that in some cases they fail to do so. An 
internal coordination of the electrons or 
leakage might be responsible. This condi- 
tion sometimes affects a large number as shown 
by the disappearance of the atomic refractiyity. 
The electrons of negative atoms seem specially 
prone to lose their influence, . CH : N . in 

pvridine 1 : i 0*78 only. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

November lo, 1921. 

Prof. C. S. Sherrington, President, in the Chaii. 

The following papers were read : — 

^^ExferhuenUd Resemekes on Vegetable Assimi- 
la^on and Respiration, XIV, — Assimtlaiion by 
Submerged Water Plants in Dilute Solutions of 
Bicarbonates and of ^Icids : a 7 t tm praised Bubble^ 
counting 7 ^€chmqtteX By A. J. WiLMOTT. 

By the aid of special apparatus described in the 
text of the paper it is shown that the increase of 
"'bubble rate” of COa liberated from the cut stem 
of a water plant, found when free acid is added 
to the water covenng the stem, is due to the effect 
of the acid upon carbonates present. No increase 

found when soft water is used. 

A comparison has been made in the “bubble 
rate” in solutions of carbonic acid and of sodium 
bicarbonate of known strength, and the latter were 
found to behave generally like solutions of car- 
bonic acid. 

^*The Coagulation of Protein by Sunlight,"^ B\ 
E. G. Young. 

*^Optical Rotatory Power of Crystalline Oval- 
bumin and Sirujii AlbuminX By E. G. YouKG. 

**Lo 7 igeviiy of Certain Species of YeastX B> 
A. R. Ling and D. R. Nanji. 

Eight cultures of yeast prepared in 1887 by the 
iate Piof, Hansen weie found to be still living, 
in what form they have retained their vitality we 
have not been able to determine. F rom the work 
uf .Hansen we know that one species at least, A. 
apiculatus^ found on the exterior of certain fruits, 
hibernates in the soil; and as this species, or at 
all events the yeast with which Hansen wmrked, 
does not form endospores, it may be that our 


yeasts have been pieseived as resting cells. 
Further experiments with these and other species 
of yeast are in progress. 

“A Quantitative Analysis of the Growth of 
Helimithiis annuns. Part I. — The Respiration of 
the Plant a^id of its Parts throughout the Life 
Cycle.’' By F. Kid, C. West, and G. E. Briggs. 

The respiration of the plant was investigated 
liist, to provide data for calculating loss in diT 
weight of a plant, due to respiration under field 
conditioirs^ and thus, with data for increase in dry- 
weight, due chiefly to assimilation, to construct 
a “balance sheet” for the plant; secondly, to 
determine effect of age of the plant (internal 
factor) upon its respiration. Respiration was 
measured under standard conditions at weekly in^ 
tervals throughout the life cycle. Standard con- 
ditions were — a temp, of 10° C. (at this tempera- 
ture respiration maintained a constant value 
for an appreciable time), excess of respirable 
material (directly after a period of active assimi- 
lation), extei'nal picssure of oxygen greater than 
in atmosphere. 

The amount of carbon dioxide (mgrms.) per 
grin, dry-weight per hour produced by the res- 
piring tissue under standard conditions is called 
the “Tespiratory .index.” Consequently the “res- 
piratory index” is a close measure of the "^effective 
amount of respiring cell-matter” — the internal 
factor involved in respiration. Further, for the 
first purpose, namely to determine loss in 
weight due to respiration under field conditions 
(to be dealt with in later papers), the i elation be- 
tween respiration and temperature (0^-25 C ) 
was determined. 

The “respiratory index” of the whole plant f.ills 
continuously throughout the life cycle from 3 to 
about 0*3. The respiratory index of stem, of in- 
dividual leaves and of flower decreases with age 
of the organ. The initial “respiratory index” of 
successive leaves — i.e.^ the “respiratory index” of 
the stem apex — decreases with age of plant, thus 
indicating that the effective amount of respiring 
cell-matter per grm, of do^-w^eight of meristematic 
tissue decreases with age of plant. Consequent^, 
the fall in “respiratory index” of the whole plant 
is not due solely to increasing proportion of non- 
meristematic tissues, such as mechanical and 
water-conducting tissues. 

Fall in the value of the “respiratoiy index” — 
rate of respiration per grm. dry-iveight — foilowc 
closely fall in “relative growth rate,” that is, 
rate of increase in dry- weight per grm dry- 
weight, thus suggesting some close relation be- 
tween increase in dry-weight and respiration. 

^^The Colouring Matter of Red Roses" By G. 
S. CURREY. 


MINERALOGICAL SOCIETY. 
November 1, iq2i. 

Dr. A Hutchinson in the Chair 

*"Tke Determination of the Optic Axes of a 
Crystal from Extmctio^i-angles." By Prof, fl. 
Hilton. 

The problem of obtaining the positions of the 



Chemical News 
November i8, 1921 J 


Notices of Books 


273 


optic axes of a coastal from the extinction- diiec- 
tions on four knowm faces was discussed, and it 
was showm from a purely geometrical standpoint 
that the solution is unique Their position ^vas 
also found graphically as the intersection in the 
gnomonic projection of two cubic curve on 
which anv number of points can be obtained bv 
the use of the ruler only. 

^*Some Mhierals from Le^d hills J* By W/ 

Campbetx Smith. 

Caledonite of pale-blue colour and acicular 
habit have been frequently described in the past 
as aurichalcite. Examination of all available 
specimens of so-called aurichalcite from this 
locality showed that all were caledonite ot this 
acicular habit. The optical properties were 
found to agree -with those of caledonite of the 
normal habit. It was shown that in caledonite 
the plane of the optic axes is parallel to (010) and 
the acute bisectrix is perpendicular to (100) and 
not as stated in Dana and other text-books. 
Other remarks referred to gold, iinarite, minium, 
and the rare mineral eosite. 

Example of Porphyry -Quarts from the 
Ester el Mins, {France) iimn'ned on the face 
{1012).” By Dr. J. Drugman 

This twin-law in quartz has previously been 
observed only by Q. Sella in 1858 and has l^een 
regarded as doubtful, *^n example of it has been 
found amongst the porphyritic crystals in the 
*‘blue porphyry** of the Esterei Mtns. A distinc- 
tion is made between the twdns of low-tempera- 
ture rhombohedrai a-quartz and those of hexa- 
gonal jS-quartz (stable at a temperature above 

575° c.). 

** Biographical Notices of Mweralogisis recently 
deceased; with an Index of those premausly pitb 
lished in the Mineralogtcal Magazine d* By Dr 
L. J. Spencer. 


NOTICES OF BOOKS. 


Applied Colloid Chemistry j General Theory^ By 
Wilder D, Bancroft. First Edition. Inter- 
national Chemical Series. Pp. 34$. New York: 
McGraw-Hill Book Co. London : 6 and 8, 
Bfjuverie Price i8s. net 

The increasing kncnvledge of colloidal chemis- 
try has been remarkable during the last few years, 
and the part played by colloidal substances in 
every branch of chemistry, manufactures, and in- 
deed in everyday life, is becoming recognised. 

Professor Bancroft’s book is a very valuable 
contribution to our knowledge of these substances. 
The author’s work as Professor of Physical 
Chemistry in Cornell University is well known, 
and he has dealt with the subject in an original 
and masterly manner. 

A large number of references to authorities is 
given in the text. This method of giving refer- 
ences is of the greatest value to students. It adds 
much to the usefulness of the work. It is in- 
tended that this volume shall be followed by 


others on such subjects as paints, varnishes, 
plastics, fibres, dyeing, foods, beverages, Sre We 
await these volumes with interest. 

The Cheinistry of Synthetic Drugs. Bv PERCY 
May, D.S.C. (Lond.), F.I.C.). Third Edition: 
revised. . Pp. xv.-f248. London; Longmans, 
Green & Co. Price 123. 6 d. 

We are glad to announce the third edition of 
this most important work. The author in the 
preface of his second edition, published in 1918, 
remarks that before the war the manufacture of 
synthetic drugs was practically confined to (Ger- 
many. The unhappy use that that nation made 
of the knowledge gained by the research in this 
domain is now a matter of history. The war with 
all its honors has shown the unsuspected toxic 
action of many of these little-known gases. It 
has shown, for instance, that the material now 
known as phosgene (carbonyl chloride) is far more 
toxic to man than prussic acid, and the hitherto 
almost unknown substance-di-chiorethyl sulphide 
t familiar to everj’one by the name of mustard 
gas) — ^has been found to be one of the most 
dangerous substances known. 

During the war and since the armistice, the 
manufacture of synthetic organic chemicals has 
been undertaken by British chemists with con- 
siderable success, but to enable them to hold their 
own against competition from a county where 
factories completely equipped for producing these 
substances are already in existence, some kind of 
protection is necessary. Assistance of this kind 
will probably be obtained in measure, and with 
the increasing knowledge of their chemistry and 
experience in their production, there should be 
nothing to prevent their home manufacture m 
sufficient quantity to meet all needs. 

The value of synthetic drugs in pharmacology 
cannot be over-rated, but an exhaustive knowledge 
of their chemical composition and physiological 
action alone enables them to be produced econo- 
mically and applied to the greatest advant^e. 

Dr. May’s work i$ an invaluable contribution to 
the knowledge of the subject. The work is well 
printed and indexed, and there is a useful glossary 
of chemical and medical terms that is of consider- 
able value. 

Inorganic Chemistry, By E. J. LEWIS, M.A. 
(Cantab.), B.Sc. (Lond.), with Introductory 
Note by Sir RiCH^UiD Threjlfall, K B.E., 
M.A., D.Sc., F.R.S. Pp. XV. +442. Cam- 
bridge University Press. Price gs. net. 

In the introductory note Sir Richard Threlfall, 
while referring to the effort that had to be put for- 
ward during the war to put the manufacture of 
explosives on an adequate basis, called the atten- 
tion of very many to the important part that 
chemistry plays in the life of the nation — with 
the result that a number of young men hastened 
to take up ch^istry as a profession — and his in- 
troductory note is specially directed to sueh-^ He 
emphasises the need of a thorough " edu- 

cation. ‘'There is always an opening for a good 
chemist, industrious, clear-headed, logical, and 
persistent, with a knowledge of the kybjeet wide 
enough and deep enough to give* these faculties 
full play.’ There is a# room pcb&pect for the 
smattcfrer/^ 
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The book is exceptionally well illustrated, and 
will be found invaluable to students and to those 
who propose to adopt chemistry as a profession. 

The first part of the book is divided into sec- 
tions deaing with equivalent mass, the atomic 
theory and its applications, while Part 11 . is 
occupied with the Periodic Law. 

Mendeleef’s periodic classification and Lothar 
MeyePs curve showing the relation between 
atomic volumes and atomic weights are given. 

A¥e notice that some of the statements made 
are open to a certain amount of criticism. For 
instance, on page 3^8 it is stated that Crookes in 
1878 discovered cathode rays. This is more than 
Sir W. Crookes himself claimed, for although 
his researches into radiant matter at that time 
brought the subject into great prominence, cathode 
rays had been observed and described some years 
earlier. 

On the same page also it is suggested that 
Roentgen in, 1895 discovered that when the 
cathode rays were stopped by a solid target they 
gave rise to X-rays. It is doubtful whether the 
true explanation or the true physics of the con- 
version of cathode rays into X-rays was under- 
stood before the introduction of Prof. Jackson’s 
platinum target tube. 

The Ei^cirU Furnace, By J N. Pring, N.B.E., 

' JD.Sc. Pp. IX. +41^5. London : Longmans, 

- Green dfc Co. Price 32s. net. 

'TMs iurdier valuable addition to monographs 
OB- Indtistriai chemistry cannot fail to be of ser- 
vice to those who. are working with numerous re- 
actions connected with ^ very high temperatures. 
Although a knowledge of the chemical effects that 
can be produced by electricity dates back to the 
days of Davy in iSio, it is only in recent years 
that the electric fOrnace has become one of the 
vaiBabie agents in metallurgical processes. 
The remarkable researches by the” late Henr>^ 
Mcdssan ip France and the more recent results in 
London and America have brought home to 
hietallurgists the value of electricity in producing 
high temperature. 

A vefy complete historical survey of the subject 
is given in the first chapters, and the various de- 
vices that have led up to the present-day methods 
are fully and clearly illustrated. This is follow'ed 
by a description of present-day electric furnaces, 
and the details of the current supply in electric 
furnace operations. 

A good chapter is devoted to measurement of 
high temperatures and is follovred by a description 
of the methods at present employed for the manu- 
facture of caiciOm carbide and the synthesis of 
nitrc^enous compounds. 

The electric steel processes that have recently 
played such an important part in the production 
of high-grade steel are fully dealt with, and most 
of the systems in present use are fully described 
and illustrated. 

At the end of the book the power expenditure 
in electric furnace processes in connection with 
cost is discussed, and statistical information is 
given of present-day water power and steam- 
power installations. 

A valuable bibliography of books on electric 
furhacesj ferro-alloys, non-ferrous mefals, 
abrasives, and .kindred subjects brings the book 
to a conclusion. 


Chemical News 
Nov6m1>enS, 19a j 

Volitnietric Analysis for Students of Pharma- 
ceiiiical and General Chemistry. By CHARLES 
H. Hampshire, B.Sc. (Lond.), F.LC, ' Pp. 
124, fully illustrated London : J. & A, 
Churchill. Price 7s. 6d. net. 

In this edition of this useful little book some 
new determinations have been added, and also 
the section on indicators. The object of the book 
is twofold — to present a general introductory' 
course of volumetric analysis as w'ell as an addi- 
tional specialised course for students in phar- 
macy and analytical chemist]y^ 

The first 'two chapters deal with the proportion 
of normal solutions, and then follows a very im- 
portant chapter on the sources of error in 'indi- . 
cators, which is of very great value, as it makes 
clear many little known reactions that would 
otherwise cause considerable perplexity to 
students. 

The exercises in acidimetry and alkalimetry 
that follow are very clearly and simply arranged. 
The next section of the book deals with oxidation 
and reduction, and the concluding pages are de- 
voted to miscellaneous exercises. 

The book is well indexed and illustrated and 
■will undoubtedly be largely used by workers in 
volumetric analysis. 

The Chemical Effects of Alfha Particles and 
Electrons, By SAMUEL C. LlNU, Ph.D ^ 
Physical Chemist, U.S. Bureau of Mines, ^ 
American Chemical Society, Monograph 
Series. Pp. 182, illustrated. New York ; 
Chemical Catalogue Co. 

This book is the second of the American Chemi- 
cal Society’s series of monographs, and it deals 
in a systematic manner with what is of necessity 
an entirely new branch of chemistry. The object 
of the author of the monograph has been to col- 
lect together as much experimental material as 
possible, and to present it in a form that can 
readily be folloived by those ivho are unfamiliar 
with the subject 

Although from the title one would perhaps con- 
clude that the ivork ivould be confined to the 
effect of alpha particles and electrons, the field 
of photo-chemistry is of necessity introduced. 
The author acknowledges his indebtedness to the 
work of Rutherford, Madame Curie, J. J. 
Thomson, and others. 

Chapter I. is devoted to the definition of radio- 
chemistry, and the author explains in some detail 
what should be comprehended in the term. 

Chapter II. gives a brief outline of radio- 
activity and the properties of some special forms 
of radium. This is followed by a chapter on 
ionisation and qualitative radio-chemical effects. 
The author gives a very brief account of the 
colouration of glass and minerals by the action of 
alpha rays. This reaction w^as very carefully 
studied by the late Sir William Crookes, particu* 
larly the colouration brought about by the action 
of alpha particles upon diamonds, and by sunlight 
upon glass. 

Chapter VI. deals with the reactions by radium 
emanation and the experiments of Cameron and 
Ramsay are fully described and illustrated. 

Disintegration by alpha particles is also dis- 
cussed, and a review is given of the investigations 
by Rutherford, Darwin, and others, on this im- 
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portant subject. The final chapter is devoted to 
artificial radio-activity. The appendix gives use- 
ful tables of the decay of radium emanation, and 
a list of radio-active isotopes. At the end of the 
book there is a very complete index of subjects, 
followed by a list of authors quoted The book 
is thoroughly well printed and illustrated. 


CORRES^DENCE. 

GRAPHIC 

REPRESENTATION OF CERTAIN 
HETEROGENEOUS EQUILIBRIA. 

To the Editor of the Chemical News, 

Sir,— The remarks of Rivett (CHEMICAL News, 
cxxiii.. No. 3213) appear to be somewhat super- 
fluous. In his paper the following phrase occurs : 
“The phase rule requires variation in the solid 
phase in bina^ systems to correspond with varia- 
tions in the liquid phase.” Is not this variation 
adequately represented by the ordinate A / ^^ in 
his diagram “i 

In the figure each point denotes a substance of 
invariant properties. The ordinate A / on the 
other hand represents the variation in properties 
of the pure substance A, implicitly if not ex- 
plicitly. 

Obviously, this being true the point A denotes 
a diflerent substance to the points f-tijr this varia- 
' 'Heat in properties would include changes in dens- 
ity, electrical conductivity^', vapour pressure, and 
other physical properties. 

Would not this variation in physical properties 
' Correspond to the excessively minute changes in 
. the solid phase which Rivett holds to be neces- 

From this point of view any substance at say 
30® C. is held to be different to the same substance 
at, we will supix>se, 65® C. 

The same argument can be presented from a 
somewhat different viewpoint, taking the case of 
a homogeneous equilibrium. Consider an en- 
closed volume of two non-reactive gases. These 
may be considered to be in “equilibrium at any 
given temperature, yet obviously the type of equi- 
librium will vary with the corresponding change 
of temperature, the velocity^ of the molecules mean 
free path, kinetic energy and viscosity changing. 

This demonstrates quite clearly the variation 
t in properties Wit^ temperature necessary for the 
m^pteBance^ df equilibrium. — ^We are, &c., 

Claude W. L, Bourlet 
Wedoey R. Newman. 


CHEMICAL NOTICES FROM FOREIGN SOURCES. 

Comfies Rendus Hehdomadmres de$ Stance f de 
TAcadhnie des Sciences, Vol. clxxiii. No, 14. ^ 

“Action of the Infra-Red Rays on Phosphores- 
cence.*’ By M. Maurice Cuni. 

No. 15. 

“Absorption Sp^trum of Oxygen.” By MM. 
J. Duclaux and P, Jeahlet. • ^ ; 

^^The Sub-bromide of Tellurium.” By M. 
Damiens. J 


“The Constitution of the Polysulphonated 
Derivatives of Indigo,” By M, Grand Monezin. 

No. 17. 

“A New Method of Determining Silica.” By 
M. Travers. 

“Dilromoanthraquinone used for the Synthesis 
of Alizarine.” By M. Grand Monezin. 


Royal Society of Arts. — Meetings for the week 
ending November 26, 1921 : Wednesday’’, Nov. 
23, at 8 p.m. — “Trueman Wood” Lecture, “The 
Coming of Age of Long-Distance Wireless Tele- 
graphy and some of its Scientific Problems,.” by 
Prof. John Ambrose Fleming, M.A., D.Sc., 
F.R.S.J Albert Medallist Alan A. Campbell 
Swinton, F.R.S., Chairman of the Council will 
preside. Friday, Nov. 25, at 4 p.m. — Dominions 
and Colonies and Indian Sections (Joint Meeting}, 
""An imperial Airship Service,” by A. H. Ashbolt, 
Agent-General for Tasmania Brig.-General Lord 
Montagu of Beaulieu, K.C.I.E., C.S.I., will pre- 
side. 

Bleaching Palm Oil. — very simple process 
has, it appears, given excellent results in Ger- 
inany. It merely consists in moving a metal 
sieve, with fine meshes, upwards and downwards 
in the oil at a temperature of 100® C- Bleaching 
is produced by the frequently renewed atmospheric 
oxygen. Thus bleached, the oil could be utilised 
instead of coprah oil for alimentation. — Revue de 
Chimie Indiistrielle, October, 1921. 

An interesting paper by E. L. Nichols and D. 
T. Wilber has recently been published , in the 
Physical Review^ No. 6, xvii., June, 1921, 
on the ^‘Luminescence of Certain Oxides 
Sublimed in the Electric Arc.” From the 
synopsis it appears that “oxides prepared by sub- 
limation are found to respond to excitation by 
cathode rays, as well as to fiam^ excitation 
through a wide range of temperature^. The tem- 
perature at which excitation ceases is in general 
the same, taking each band separately, for flame 
excitation and for cathodo-excitation. The shift 
in the colour of luminescence is in general to- 
wards the violet with rising temperature. This 
shift is produced by the independent growth and 
decadence of over-lapping bands and not to any 
lateral movement of the bands themselves. Cer- 
tain bands in the spectra of these oxides are most 
strongly excited by cathode rays at relatively high 
pressures, others appear as rfie va^um becomes 
more complete, so that as exhaustion progresses 
there are marked changes in the colour of lumin- 
escence. 

New Books, — A new series of volumes, to be 
published by George Boutledge & Sons, Ltd., 
under the title “T-wentieth Century Chemistry,” 
is in preparation under: the Editorship qf Sir 
William Tilden, D.Sc, F.R.S., Emiritus Fro-, 
fessor in the Imperial College of Scieimq 
Technology, Soudi Kensington, and C. 

Philip, F.R.S., Senior Secretary of the Chemical 
Society and Profes^r of Physical' 
the Imperial College. ^ The intem|^,is ’to provide . 
work^?of mode^e size , and the. mo^e 

impoitaSEft' iSsIcliOi^ of .smentific dhemistry, suitab|q' 
for' post-graduate ; readers and others possessing 
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sufficient elementary knowledge. The aim will be 
to produce readable and interesting books which, 
without being exhaustive monographs, will fur- 
nish advanced students with a complete survey of 
the present state of knowledge and opinion in each 
branch of the science. Several distinguished 
chemists, both Itntish and foreign, have promised 
to assist by contributing volumes to the series. " 

Mew Method for Manufacture of Synthetic 
Nitrogen. — A new process' has, according to 
Chimie et htdustrie ^ been invented by an Italian, 
Dr. Caze, for manufacture of synthetic ammonia 
The requisite hydrogen is obtained by electrolysis 
pf water and the nitrogen extracted from the air 
by a secret process by aid of an automatic machine 
working continuously. The two gases are com- 
Mned at a low temperature in presence of cata- 
iysers. The works in Turin initiajly pioduced 
300 kilogrms. of pure ammonia per diem. It was 
enlarged last December, and no^v produces 1000 
daily. Finally the ammonia can be transformed 
tnto urea, which, as it contains 40 per cent nitro- 
gren, is a ven,^ valuable fertiliser. In the inven- 
tion of Prof. M. Andreucci of Rome, atmospheric 
nitrogen is obtained bv the explosion of a mix- 
ture of 100 litres of air (containing 200 litres of 
oxygen) and 41S of hydrogen in an internal com- 
bustion engine (benzine; poor gas; lighting gas; 
or Diesel) provided with an electric system of 
ignition. The product obtained consists of ap- 
proximat^ely 336 grms. of water and 778-3 litres 
of almost pure nitrogen, with various foreign sub- 
stances -which are removed by chemical means. 
The motor utilised is adapted for the purpose by 
narrowing the air and hydrogen intake passage’s 
so as to obtain suction in the required proportion 
to prevent excessive pressures of explosion. A 
Watt indicator is utilised for the purpose — 
L"Engr 4 $s, July 22, ipai. 

■gr u - j ' i ' ' I __ ...... 



LaUst PaUnt Applicatiems, 

*855^— Cumberland Coal, Power & Chemicals, Ltd.— Manufacture 
of amm<mxa sulphate, October 27. 

2^3— B. D.—Pruoessfor production of sodium pentaborate 
from boren ores. October 25. 

A.— Treatment of mineral phosphates. October 36 
38325— Soi^iety of Chemical Industry in Basle.— Manufacture of 
dye-stuffs of the tnarylmethane senes. October 35. , 

Specifications ,publish*{i thts IVetk. 

X49001— Muth, G.— Process of preparing aluminium sulphate 
liyo^— Westlmg, E, H.— Process for the production of manganese 
dioside. 

i47909-^G<^dschmidt Akt. Ges.— Process for the production of 
^hylene chloride. 

Abstract Pyhip^isd fhts Week 

T^hum Derivatives. Patmt No. 

A process for obtainmg Toluene .Denvatiws is, the subject of a 
Patent granted to Mr. A. u Clibbens, of Crumpsall Vale Chemical 
Works, Blackley, Manchester. 

By the cblonnatton of tolaene^ulphonic acid or monochloroto- 
haeo^salphonic acid in aqueous solution, a mixture ^ 5-diohloro 

msfi, 2.5 A ttichloro-toluene -4 ^#houic acids is produced, from 
idaie triddofo body is precipitated by neutrailizaticm with 


alkali, leaving the dichloro compound to be recovered by evapora- 
tion ot the mother liquors. Instead of the free acids, their soluble 
salts may be used as starting material. On hydrolysis, the products 
yield2.5-dichlorotolueneand 3 5 . 6 -trichlorotomene respectively. 

Sulphur Dioxide. ■ Patent No. 1S862T 

A process for obtaining sulphur dioxide has been patented in this 
country by Mr. A. H Eustis of Milton, Norfolk, Massachusetts, 
U.S A. The product is obtained by separation from gas mixtures 
such as smelter smoke by absorption in and extraction from a liquid. 
The extraction from the liquid being effected by reducing the partial 
pressure of the sulphur dioxide m the atmosphere contracting with 
the liquid by diluting with a copious supply of gas such as steam 
which ia condensible at lower pressure andjfor higher temperature 
than sulphu dioxide. 

Messrs. Rayner & Co.f will obtain printed copies of the 
published specifications and will forward on post free for the official 
price of i/- each. 


NEW COMPANIES. 

The under-mentioned particulars of New Companies recently 
registered are taken from the Daily Register compiled by 
IORDAN & Sons, Limited, Company Registration Agerits, Chancery 
Lane W.C.2. 

Western Chemicat. Company, Limited.— (177674)— Registered 
4th November, 1921 To carry on the business of Manufacturers 
and Dealers in Chemicals, Glues, &c. Nommal Capital je3,ooo in 
a.ooo Ordinary Shares of £i each and 4,000 Shares of 5s. each. 
Directors To be appointed by Subscribers. Qualification of 
Directors One Share Subscribers • J. S. Mason, Chester Cottage, 
Hassocks, Sussex ; W. J. Knight, “Cantara", Field Way, Rmslip, 
Middlesex. 

Hvgeia, Limited — (177660)— Registered 4th November, 

85, Gracechurch Street, E.C. To carry on the business -of Chemists 
and Druggists, Nominal Capital £10,000 in 10,000 Sbseres of £s 
each. Directors ; To be appointed by Subscribers. Qbafificatlon 
of Directors . £300. Remuneration of Directors * To be voted by 
Company in General Meeting, 


NOTICES. 


EDITORIAL. — All Literary communications and Books, Chemica 
Apparatus, Ac., for review or notiae to be addressed to the 
Editor. 

SUBSCRIPTIONS, £1 ISs. per annum, payable m advance should 
be addressed to the Manager. 

BACK NUMBERS and VOLUMES can be purchased on application 
to he Manager. 
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THE COAGULATION OF COLLOIDS 

BY ELECTROLYTES. 

By HUMPHREY D. MURRAY, 

Exhibitioner of Christ Church, Oxford. 

When Graham first came to study colloidal sub- 
stances, he noticed as one of their most character- 
istic properties their coagulation in the presence 
of electrolytes. Since that time more work has 
been done upon this particular aspect of the sub- 
ject than possibly any other, and most workers 
seem to have realised that a true insight into the 
mechanism of coagulation will illuminate the 
wrhole subject of the stability of the colloid par- 
ticle. The object of this paper will be to review 
the work done by various chemists upon coagula- 
tion, more particularly wdthin the last few years. 

Two series of experiments w'ere carried out by 
Schulze {Jour, Prakt^ Chem,, 1882, xxv., 431; 
1883, xxvii.j 320; 1884, xxxii,, 390) and Linder and 
Picton {Jour, Cheni. Soc.j Ixi., Ixvii,, IxxL, 
and Ixxxvii), which have had considerable in- 
fluence upon all later work. Previous to this, 
Jevons (Trans. Manch. Phtl. Soc..^ 1870, p, 78) 
and Gouy (Comptes Rendus^ iSSg, cix., 102) had 
reached the conclusion that most colloid particles 
carried an electrical charge, and this belief has 
since been amply^ confirmed. These researches 
of Schulze and Linder and Picton made it plain 
the factor which most directly influenced 
coagulation was the concentration of the ion bear- 
ing a charge opposite in sign to that of the col- 
loid Moreover, it was found that trivalent ions 
were more effective in producing coagulation than 
divalent, and the latter in their turn were more 
effective than univalent ions. It vras found, how- 
ever, that there were distinct variations in the 
coagulative powers, or the reciprocals of the least 
concentration required to bring about coagulation, 
of ions of similar valency ; but this variation 
seems rather to have been lost sight of in viewing 
the larger effect caused by difference in 
valency. Whetham (Phil, Mag.j 1889, xlviii., 
474) suggested from the theory of probabilities 
titat the coagulative powers of univalent, divalent 
and trivalent ions respectively would be in the 
ratio X : : x’^ where x is some constant. This 

suggestion seemed to receive support at the time 
from the averaging of Linder aid Picton’s results, 
but as experimefD^tal work accumulated, its validity 
Ws been seirid^sfy called in question, until now it 
w^ould seem safer scarcely to regard it even as a 
rough generalisation. 

^ During their researches upon the negatively- 
charged arsenious sulphide Linder and Picton 
analysed the precipitate carried down when 
barium sulphate w'as added to the solution in 
in sufficient quantitiy. They found that the posi- 
tive barium ion was entrained by the coagulum 
and intimately bound up with it, but that the sul- 
phate ion was entirely absent. Experiments|by Other 
observers led to a similar conclusion, namely, that 
the coagulum always adsorbed a portion of that 
ion which was active in producing coagulation. 
Whitney and Ober 2 {fanr, Amer. . Chem. 

1901, xxiii., 842) confirmed the work, of Linder 


and Picton, and came to the further conclusion 
that the active ions were always carried down in 
quantities which were equivalents. This would 
mean that each ion has a specific action of its 
own, and the decisive factor in conditioning 
coagulation is not necessarily its valency. 

We can observe the action of salts in bringing 
about coagulation by examining the minimal 
quantity required, or by analysing the resulting 
coagulum, or directly by means of the microscope 
or ultra-microscope. This latter method has been 
employed by Cotton and Mouton (“Les Ultra- 
Microscopes”), Zsigmondy (‘‘Zur Erkenntnis der 
Kolloide"), Galecki (Zeit. anorg, Ckem.^ IQ12, 
ixxiv., 179), and others. Their researches have 
brought to light the fact that a small concentra- 
tion of electrolyte causes no apparent increase in 
the size of the particles. Above this concentration 
the particles begin to condense, the larger serving 
as nuclei to the smaller, and the rate of condensa- 
tion varies as the concentration of the - colloid. 
This observation was borne out by Paine (Proc. 
Ca 7 nb. Phil. Soc.j 1911, xvi., 430) working upon 
solutions of colloidal copper. He found that 
there was a definite initial period after the addi- 
tion of the electrolyte when no coagulation 
occurred. When it started the rate varied 
as the square of the initial concentration of the 
colloid and also as some power of the concen- 
tration of the active ion. Some results by Galecki 
(loc. cit.) on solutions of gold sols are interesting. 
He added varying concentrations of SrCL to a 
gold solution and examined th enumber of sub- 
microns present in i cc. at the end of two days. 
On plotting the concentration of SrCi* against the 
number of submicrons, he failed to obtain 
smooth curves, but got curves of the general form 
shown in Fig i. 



Fig, I. 


Similarly, on^ plotting the number of sub- 
microns present in i cc. against the time elapsing 
after the addition of a definite quantity of SrCl^, 
he obtained a curve of the form shown in Fig. 2. 
Tbe^e curves were repeated with other electro- 
They are interesting as seeming to show 
that coagulation, at leak in the case of gold 
takes place in ^stages, which are chara^rl 90 dl>y 
(K>rresponding changes in colour. ^ ^ ' 

The actual conditions under whkh the electro- 
lyte has been added to the colloidaP solr^on, and 
the subsequent treatment afforded tb the resulting 
mitture, vairied with e^ch In some 

cas^ the' titrated in the usual way 
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drop by drop; in other cases the mixture was 
made all at once, and the correct proportion 
found by trial and error. Sometimes the solu- 
tion was shaken continuously during the addi- 
tion; sometimes it was subsequently boiled. It 



is not, therefore, permissible to compare the re- 
sult of one worker with that of another. It 
should, however, be possible to compare one 
series so obtained w’ith another; but when such a 
comparison is made we are met with numerous 
differences. To give but one instance — in the 
coagulation of arsenious sulphide, Linder and 
Pieton [Iq€. cit.) deduce the following order for 
the coagulative power of the chlorides : — - 

Na < K. < NH, < H < Ni < Cd < Fe“ 

< Zn < Ca < Co <: Sr 
<Ba < Mg < Hg < Pb < Fe*" < Al. 

While Schulze cit.) deduces the order for the 
sulphates : — 

K < Na < NH, < H < Mg < Fe“ 

, < Ca < Mn < Ni < Zn < Al. 

And Freundlich {Zeit. Physik. Chem._, Ixxiii , 
Ixxix,. Ixxxiii., and Ixxxvi.) : — 

Li < Na < K < H < Mg < Ba=Zn = 

Be < Ca=Sr < Al = In=Ce. 

This variation in results can be ascribed to 
several possible causes. In the first place we have 
seen that the larger particles act as condensation 
nuclei to the smaller, and therefore a large differ- 
ence in the size of the biggest and the smallest 
particles present will lead to the appearance of 
docks in the liquid with a concentration of electro- 
lyte smaller than that required to begin coagula- 
tion with a colloid of uniformly fine grain. This 
fact has been emphasized by Oden Physik 

Ckem.^ IQ12, Ixxyiii., 683). He found that the 
point of coagulation was sharper with a suspen- 
soid of uniform grain, and also that a greater 
concentration of electrolyte was required to begin 
cx^guiation with a suspensoid of a fine grain than 
with one of a coarse grain. 

An interesting senes of experiments have been 
caxtied out by Weiser and Middleton (Jour. Phys, 
Ckem.j iQiq, xxiii., 630; 1920, xxiv., 30) and 
Weiser and Sherrick (Jour, Phys. Chem._, iqiq, 
xxiii., 203) upon the coagulation of ferric hydrox- 
ide and aluminium hydroxide. They have come to 
the conclusion that adsorption of the electrolyte 
takes place, not only in the case of the charged 
particles, but also in that of the neutral substance 
They found that, if the electrolyte were added 


slowly enough, a greater quantity was required to 
produce complete coagulation than if it were 
added all at once This extra quantity they as- 
cribe to the amount of salt adsorbed by the flocks 
of colloid first coagulated. They also emphasize 
the fact that treatment of the solution in respect 
to shaking and change of temperature alters the 
amount of electrolyte required for co^agulation. 
Weiser and Middleton also criticise Whitney and 
Ober’s results showing that equivalent quantities 
of the active i©n were carried down by the coagu- 
lum, and the grounds upon which Freundlich 
supported this view. Their results bear out the 
fact that adsorption is specific for each ion, but 
not that such adsorption is proportionate to the 
equivalents of the ions. 

Until recently little attention had been paid to 
the absolute concentration of the colloid at the 
moment of precipitation, but Burton and BMiOf 
(Jour. Phys, Ckem., 1920, xx^v., 703) have 
obtained a result previously indicated by 
Kruyt and Speck (Koll. Zeit.^ iqiq, xxv,, i) 
which in general would seem to show 
that this was of great importance. They 
studied the concentration of electrolyte necessary 
to produce coagulation in the case of solutions of 
AS3S9, Cu, and mastic, when the concentration of 
the colloid varied. They found in the case of 
univalent ions that the concentration of the elec- 
trolyte varied inversely as that of the colloid, 
divalent ions \vere scarcely affected, while electro- 
lytes, the active ion of which was trivalent varied 
directly as the concentration of the colloid. This 
result, they would suggest, is connected in some 
way with the concentration of the ion of same sign 
as that of the colloid. The effect of this ion has 
not generally been taken into account, but it must 
have some very definite bearing upon the subject. 
It may be noted in this connection that most col- 
loidal solutions appear to have a saturation point 
and attempts to concentrate them beyond this 
point leads to continual coagulation of the colloid 

It may be useful at this point to summarize the 
facts which appear to have an important bearing 
upon the whole theory of coagulation, and also 
the precautions which appear necessary to ensure 
comparable results in coagulation experiments. 
Of the first Ave have : — 

1. The specific action of the ion of opposite sign 

to that of the colloid in adsorption, and 
in bringing about coagulation. 

2. The greater effect in general of ions of 

higher valency. 

3. The modifying action of ions of same sign 

as that of the colloid. 

4. The possibility that equivalent quantities 

of different ions are entrained by the 
coagulum. 

5. A minimal concentration of electrolyte 

necessary before coagulation begins. 

6. The effect of an ion originally present in the 

colloidal solution, to which little attention 
has been paid 

The precautions necessary to ensure uniform 
results which have already been discussed are : — 

I. That the colloid have the same concentration 
in each case at the point of coagulation. 
This follows naturally if Burton and 
Bishop's work be found to have a general 
application. 
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2. That the electrolyte be quickly and uni- 

formly mixed with the colloid. This may 
be facilitated by having the electrolyte in 
a dilute solution. 

3. That the subsequent treatment of the solu- 

tion in the matter of temperature and 
shaking be the same. 

4. That the particles of the colloid be of uni- 

form size. 

It may be that these do not represent four inde- 
pendent conditions but that the variations intro- 
duced by their alteration are in some degree inter- 
dependent. Investigation of this fact should 
prove interesting and work on these lines is now 
being undertaken by the writer. 


BRITISH STANDARD SPECIFICATION 


FOR 

CREOSOTE FOR THE PRESERVATION 
OF TIMBER. 


[The British Engineering Standards Association 
have sent a copy of the recently-issued Specifica- 
tion for Creosote, which we are pleased to pub- 
lish. The Report can be obtained fiom the 
Ofiices of the Association, 28, Victoria Street, 
SW. I, price is. 2d. post free.] 

This Specification covers ^e requirements of 
Creosote suitable for the treatment of railway 
sleepers ^nd telegraph, telephone, and hangar 
poles. 

Type A. 

1. Description. — The material shall consist 
essentially of a distillate of coal tar, and shall be 
free from any admixture of petroleum or similar 
oils. 


2. Specific Gravity.— (See Appendix I.). The 
specific gravity shall be not less than 1-015 and 
not more than 1*07 at 38® C. (loo® F.) when com- 
pared with water at the same temperature. 

3 Fluidity — The material shall become com- 
pletely liquid on being slowly warmed to 38® C. 
(.100® F.) with stirring, and on cooling down shall 
remain completely liquid after standing for two 
hours at 32® C. (qo® F.). 

4. Water Content. — The amount of water 
in the Creosote shall not exceed 3 per cent when 
determined by the method described in Appendix 

5. DiSTlLLATiON.-^W'hen 100 cc. measured at 


38® C. F.) of the dry Creosote are distilled 

from a t$o cc, distillation flask (see Appendix 
III.) at such a rate that the distillation is com- 
plete in about 20 minutes, there shall distil at 
760 mm. pressure, 

up to 205® C. (401® F.) not more than 7 cc. 

» C. (446' F.) „ „ 40 cc. 

» 315 C. (599° F.) „ „ 78 cc. 

the volumes of all fractions being measured at 
38® C. (100® .). 

The residue above 315"* C. (599® F.) shall be 
soft and not sticky and its weight shall not be less 
than 22 grms 


6. Tae Acids. — The amount of tar acids when 
determined by the method described in Appendix 
IV. shall be not less than 5 per cent and not more 
than 16 per cent by volume. 


7. Matter Insoluble in Benzol (Benzene). — 
The amount of matter insoluble in benzol (ben- 
zene) shall not exceed 0*4 per cent by weight. 

Addendum. — Type B. ^ 

Alternative for Scotch Creosote. 

Scotch Creosote shall conform to the above 
Specification with the following exceptions ; — 

2. Specific Gravity. — The specific gravity 
shall be not less than i at 38° C. (loo® F.). In 
the case of the blast furnace oil the specific 
gravity may be lower, but shall not be less than 
0-940 at 38® C. (loo® F.). 

5. Distillation.— The distillate at 315"* C. 
(599° F.) shall be not more than 85 cc. and the 
residue not less than 15 grms. 

6. Tar Acids. — There shall be no limit to the 
amount of tar acids. 

Appendix I. 

Specific Gravity. 

Care shall be taken to ensure that the Creosote 
is completely liquefied and homogenous before 
the sample is taken. 

In the event of the temperature at which the 
determination is made not being exactly 38° C, 
<100® F.) the observed specific gravity (d) at the 
temperature t® shall be converted to “corrected” 
specific gravity D by means of the formula : — 

D = d+o-ooo75 (t— 38) 

if t be in degrees pentigrade, or 

D=d4-o'ooo42 (t™ioo) 

if t he in degrees Fahrenheit. 

Appendix II. 

Deter mhmtion of Water Content, 

The material shall be made completely liquid 
and homogeneous by warming to 38® C. (100® F.). 
ICO cc. of the liquid measured at 38® C. (100® F.) 
shall be mixed with 50 cc. of Xylol previously 
saturated with water and the mixture distilled 
from a distillation flask at a rate of about 3 cc. 
per minute. 50 cc. of distillate shall be collected 
in a cylinder of suitable size graduated in 1/5 cc. 
and the volume of water determined at room tem- 
perature. 

The condenser used in this test shall be either 
a stiaight vertical condenser, or of such construc- 
tion that it will readily drain completely. 

Appendix III. 

DisUUaiion. 

The Creosote shall be dried over calcium chlor- 
ide, plaster of Paris or other suitable material, 
and roo cc. of the dried Creosote measured at 38® 
C. (100® F.) placed in a tared standard 250 cc. 
Wurtz distillation flask, the neck of which is 
approximately 12 cm. long with outlet tube emerg- 
ing approximately half way up the neck. The 
flask shall be furnished with a standardised ther- 
mometer, the top of the bulb of which is just be- 
low the outlet tube. ' The distillation shall be 
carried out over a free flame. When a tempera- 
ture of 315® C. (599® F.) has been reached, the 
distillation shall be stopped, the flask and" con- 
tents allowed to cool, and then re-weighed. 

Correction for Emergent Thread of ike 

Thermometer. 

The number of degrees C (dt) to be added to 
the €>bserved thermometer reading t® C. shall be 
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calculated from the following formula , — 

dt= O' 000143 (t-^t') N, 'v\here N is the num- 
ber of degree divisions of thread exposed 
above the cork and t' the air temperature half 
way up the exposed thread. 

When Fahrenheit thermometers are used, 
the formula shall be dt~ 0*0000794 (t— t') N. 

Correction for Barometric Pressure. 

For every 25 mm. above or below 760 mm , 0*8 
grm, {0*6 grm. m the case of Scotch oils) shall be 
subtracted from or added to the observed weight 
of residue in the flask. 

Appendix IV. 

D eter7nination of the Tar Acids. 

The tar acids shall be determined by complete 
extraction of the total distillate below 315® C, 
(599® F,) w*ith caustic soda solution of specific 
gravity ri8. The tar acids shall be separated 
from the soda solution by neutralising with sul- 
phuric acid (specific gravity 1*35 at 15® C. (59® 
one volume of 1*84 acid mixed with two 
volumes of water) and their volume determined 


REPORT BY 

SIR PERCY GIROUARD, K.C.M.G. 
TO CLOSE BROTHERS & CO. LTD. 

ON THE 

Operations of the Low Temperature 
Carbonisation ]p,ANT at Barnsley, 
Yorkshire.* 


Low T emferati&re Carbonisati07i. 

For soniie years past I have been investigating the 
problem of the use of smokeless fuel, and though 
my studies have been mainly directed towards the 
use of coal in powdered form, a great develop- 
ment of which has been witnessed in the United 
States, my attention was also drawn to the various 
proposals for the low temperature carbonisation 
of small coals and slacks, which in all countries 
had a low value as compared with lump coal, and 
in some* countries had practically no value what- 
ever. 

In June of this year I was asked by a mutual 
fnend to look into the particular developments 
which had been carried but in England by Low 
Temperature Carbonisation, Ltd. Ascertaining 
that this organisation was the descendant of the 
original Coalite Companies, I was constrained to 
say that, though not antagonistic, as mv know- 
ledge of their operations w^as very limited, I 
could only enter into any investigation in a pre- 
judiced spirit. Notwithstanding my attitude, you 
pressed upon me the national importance of the 
Question, with the request that I should visit the 
Barnsley plant 

After my first visit, which proved of consider- 
able interest, I informed you that if you desired 
me to go any further I should require complete 
independence in my investigations, and to be 
given the full confidence of the directors, staff 
or engineers, and access to any documents I 
should require. This request was readily granted 
and I may state at once that as from July until 
the present day one and ail connected with "the 


® on the Low Temperature Carbon- 

matter of iiational interest, and with his 
I^nrus5«m and that of Mes^. Close Bros. & Co., at whose works 
the esqjenmeats were earned ont, we are reproduejng it in full. 


enterprise gave me every assistance and informa- 
tion I desired. 

Manufacture. 

On my first visit to Barnsley, where you had 
installed 20 retorts which were said to be capable 
of carbonising about 200 tons per week, I could 
not see the plant in actual operation, as it had 
been Closed down in consequence of the coal 
I strike. The strike perhaps had one advantage, it 
' allowed of your introducing into the retorts a de- 
vice which it was hoped would end one of the 
mam difficulties which has always faced low tem- 
perature carbonisation, that of discharging the 
resultant Coalite (a smokeless fuel), which too 
often in the past had adhered so firmly to the 
walls of the retorts that extraction became a 
matter of the vei*y greatest difficulty. In extreme 
cases It was freely admitted that several day$ 
passed after carbonisation before the coalite could 
be extracted. This led not only to high costs, 
but to the production of an inferior fuel, contain- 
ing a high percentage of breeze. 

The device, which I was enabled to see before 
Its actual insertion in the retorts, consisted of a 
pair of collapsing plates which divided the coal 
charge into two halves. The plates were provided 
with holes at intervals throughout their surface. 
The coal was to be inserted in the retorts with 
I the plates in an expanded condition, and means 
: were provided by which they were readily col- 
I lapsed. The results which were expected from 
I this new and ingenious device were of the highest 
' importance. It was expected . — 

* (r) That on collapsing the plates after carbon- 

isation of the slack, the resultant Coalite 
would readily drop into a cooling cham- 
ber below ; 

(2) That during the period of carbonisation, the 

gases given off from the coal would 
readily escape through the orifices in the 
plates and not have to force themselves 
through a mass of hot coal occupying the 
whole retort; 

(3) That the device would give a larger yield 

both of gas and of tar oils. 

The hopes which were held out could not be 
ocularly demonstrated until a ooal supply was 
available, and the reto-rts brought up to a low 
temperature heat, which was to be about 550° C. 
within the retorts. 

The strike having ended, coal was shortly avail- 
able, and the heating of the retorts was started 
early in August, and in the week ending August 
13 tons of coal weie carbonised. From that 
week to the present day, the progress has been 
continuous, and in the last three weeks, ending 
October 6, approximately 150 tons of slack per 
week were carbonised, resulting in approximately 
100 tons of Coalite per week, and a yield of 15-18 
gallons of tar oils per ton of coal carbonised, 
During the whole pexiod, from the starting of the 
retorts to date, 833 tons have been carbonised. 
Manufacture on such a scale cannot be considered 
to be of an experimental or -laboratory character. 

The devices which have been introduced have, 
therefore, had^ a very severe test, and they have 
gone through it with great success, more particu- 
larly under the^ circumstances of starting a new 
plant. Many difficulties militated against abnor- 
mal success. The washing appliances were not, 
and are not now, by any means perfect, and the 
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fuel is therefore, at times, admitted to the retorts 
with too high a degree of moisture. 

Other mechanical defects revealed themselves 
from time to time, but all are quite capable of 
explanation and perfection. The plates acted 
exactly as was exjiected. The collapsing, which 
is efPected by a mechanical device actuated from 
outside the retorts, has acted with precision, and 
allows of the discharge of the carbonised materia] 
with almost unfailing regularity. 

The main factor which has in the -past obstocted 
the progress of low temperature carbonisation 
would appaer to have been entirely solved. The 
yield of tar oils has even exceeded anticipation. 

During the period a mechanical defect arose 
which allowed of a very important investigation 
One of a pair of the cast-iron plates broke away 
from its fastening and had to be replaced This 
allowed of an examination of the plate, which 
had been under heat for some three weeks. Its 
condition was perfect, and there is little doubt that 
such plates will endure low temperature heats foi 
a long period without oxidisation. The mechani* 
cal defect which allowed of this accident was 
easily remedied. 

So much for the retort and its discharge, both of 
Coalite and by-products. 

A second ingenious addition had also been in 
troduced. In many of the former plants the 
Coalite on discharge was treated much in the same 
way as metallurgical coke and quenched in the 
open. This not only gave the material a bad 
appearance, but led to the formation of a great 
?<feal of bteeze. In the present design this has 
been entirely obviated. The Coalite is discharged 
into an enclosed cooler surrounded by water, and 
after a due period the cooler itself is emptied, 
when the Coalite is found to be in a hard, com- 
pact form, containing not more than $ I>er cent of 
breeze. So durable is the material produced, that 
it suffers ver\' little in transport, and several 
hundreds of tons have been transported lonfe dis- 
tarnces, notably to London, without suffering any 
ill effect. 

At an early period in the carbonisation it was 
found that it would be an advantage, not only 
mechanically, but financially, to mix the more 
expensive caking slacks, which form a binder for 
the whole material, with a proportion of non- 
caking slack, which often is a material of very 
much lower value. The proportion has been fol- 
lowed ^ until to-day 70 per cent, of non-cakmg 
slack IS being used. I have little doubt that prac- 
tically all the Yorkshire and Derbyshire coal 
' slacks could^ 1^ trsed by themselves, but on the 
financial side it is highly desirable to mix In a 
few instances it is necessary to do so. 

By-Producis, 

The by-products of low temperature carbonisa- 
tion have been well known for many years, but 
mainly on a laboratory scale, as there has not been 
any large quantity available for commercial tests 
It is perfectly clear that they contain, primarily, 
a rich gas of high B.T.U, value. ^ The motor 
spirits are said to amount to about 3 of a 

specific gravity which would place 

them somewhere between petrol and benzol. 

The tar oil, as a whole, burns readily. It can 
be fractkwqated into Diesel oil, lubricating oil, and 
cresylics, all having a high potential value. On 


distillation, apparently 50 per cent of the tar oil 
yields will be pitch, which in itself is more than 
likely to contain material of high commercial 
value. Ten tons of tar oils are now being frac- 
tionated at a high temperature tar distillery, and 
the results will shortly be available, but as it took 
many years of careful research to determine the 
values of high temperature tar, it is too much 
to expect that low temperature tar oils have as 
yet been fully analysed. 

A leading institute of Technoiog\\ dealing with 
the commercial aspect of the value of tar and tar 
oils, has expressed a desire to carry out a senes 
of commercial and technical experiments, now that 
large quantities are likely to be available. 

E^igineerf Refori. 

Your engineers have been engaged upon fur- 
nishing a report which is now available, and as I 
have followed its preparation closely from week 
to week it is not difficult for me to give you my 
general comments upon it. From what I have 
-already said, you will gather that my own inde- 
pendent observations support, in so far as they 
have gone, everything of the same character men- 
tioned in your engineers’ report. 

One of the most interesting portions of the re- 
port, as it affects your immediate and future 
developments, is their estimate of cost, which they 
give in their Exhibits No 3 and No. 5 (these Ex- 
hibits are given in a balance sheet). 

On the Expenditure side, in Exhibit No. 3, one 
figure of the highest importance is the price at 
which this side of the balance sheet should be 
debited for slack. This figure I have always 
though of as the “X” of the whole calculation, 
but it here taken at the high figure of i2s.^ 6d., 
which by no means represents the figure which a 
colliery company establishing a low temperature 
carbonisation plant would debit to expenditure. 
There are coimtries even to-day where these slacks 
are practically given away, and yet such slacks 
can be converted into the most highly-priced coal 
—domestic fuel — sold London at 60s., and even 
more. It is quite equal to anthracite, which is 
sold at even a higher figure. 

The cost of cait>onisation would appear to be 
reasonable and quite comparable with such costs 
in high temperature plants. Such a comparison, 
however, is misleading. Owing to the low tem- 
perature utilised and to other factors, the cost 
should be lower in yotir plants. 

On ^ the Revenue side. Coalite is taken at 50s. 
per ton at the works. This is an *‘X” figure 
again, depending upon the market value of coal, 
and it would appear reasonable in the present 
state of trade for ^mestic fuels, more particularly 
when it is realised that Coalite has a radiant value 
for domestic purposes quite 30 per cent better than 
the best coal, and this is borne out by Government 
experiments. 

The tar oils have been given a value of 6d. : a 
conesrvative figure, but one which it is desirable 
to adopt in a balance sheet. 

Only I gallon of benzol is credited, that wlich 
comes off witii the gas. 

Exhibit No. 5 b^n prepaned to show the 
effects of a i^uction in the price of coal, etc., 
to figures ^approaching more normal conditions. 

I foLloWed: ckjsdy the preparation of 

tluise costs, whi<;h have been made out for a plant 
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carbonising 100 tons of coal per day as against 
the present small batter^'- of 20 retorts with its 30 
tons a day (necessarily using a considerable 
amount of manual labour), and they would appear 
to be fair and reasonable 

Conclusion, 

I am persuaded that the working of the battery 
of twenty retorts established at Barugh, con- 
tinuously and progressively up-to-date, is not only 
a great step in advance in low temperature car- 
bonisation, but has provided ail the data necessary 
on a commercial scale to warrant your placing the 
information you now have available before any 
interested countries or enterprises. It has pro- 
vided the certainty of the manufacture from slacks 
of a smokeless transportablp fuel of even a higher 
value than the best domestic coal, and this pi;o- 
duct alone, in a balance sheet where slack is 
debited at its proper value, would yield a hand- 
some return, the gases and oils remaining as a 
factor of safety. 

But there are other and^ very important aspects 
of low temperature carbonisation which have come 
out very prominently during the success of this 
battery. I refer here to its use as an industrial 
fuel. 

The lines of investigation adopted for this pur- 
pose have been clearly indicated by your engineers 
and very promising developments may be wit- 
nessed at an early date. 

The whole industry, if developed on the lines 
which you have initiated, would appear to be one 
of paramount national importance. It may, with 
the least interference in the proper standard of 
wages, lead towards the greatest necessi^ of the 
country — a cheap standard fuel, domestic or in- 
dustrial — incidentally smokeless j thus, not only 
assisting the gradual revival of industry, but also 
improving the condition of our atmosphere and 
the health of our people. 

Coal is the one great asset which allows of an 
excess of population beyond the natural feeding 
capacity of our country on these small islands. 
If used rationally, it is of much more imporh'ince 
to the British people than the discovciy of any 
other mineral. 

it too much to hope that when it is fully 
realised that such a development will only be an- 
cillary to the other great fuel and power indu.- 
tries of the country, that these interests will be 
the first to come forward and recognise that we 
may be on the verge of a new era in the use of 
our most vital asset? 


THE AIMS AND BOUNDARIES OF 
PHYSIOLOGY* 

By Sir WALTER M. FLETCHER, K.B.E , M.D Sc.D , F.R.S 
tConciuded from p 271) 

Meanwhii^, the chemical structure, no less than 
the material form, of the body was being explored, 
and here, too, progress followed the path of naly- 
sjs, ever more refined and complete. Just as old 
notions ^ of “humours” of the body had been re- 
solved into varieties of celi^ activity, so the vague 
chemical ideas conveyed in the words *'proto- 
plasm” or “metabolism” received precision by ex- 
pression in terms of colloidal systems or of asso - 
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ciated enzymes or catalysts in appropriate posi- 
tions, effecting chemical changes of recognisable 
type among substances of relative simplicity. 

Along these lines of analysis rapid progress has 
been made, but it is to be observed that it has been 
in great part along diverging lines. The tendency 
has been centrifugal, or, to use a biological simile, 
the growth of physiology has led to fissiparous 
habit. Pursuit of knowledge by particular tech- 
nical methods has led to specialism; men have 
reached points far distant along branches of in- 
quiry that at first grew together from the stem. 
The very development of new technical methods 
may by itself lead unavoidably to separatism, for 
the microscope and test-tube may best be used in 
rooms widely different in equipment and often far 
separated in space. So have grown up new- 
named sciences within a science, and the histolo- 
gist or cytologist, the neurologist, the pharmaco- 
logist, the biochemist — each carrying off, so to 
speak, his part of the subject — may be found to be 
incurring the dangers or even paying the penalties 
of schism. 

Step by step, hovrever, with this progress in 
analysis, a continual advance towards synthesis 
has accompanied it as new truths have been un- 
folded to the investigator. Here, as in other 
fields, the conception that the whole is the same 
as the sum of its parts is either meaningless, or, 
if it have any meaning, is untrue. Fresh rein- 
forcements have steadily come to the idea that the 
animal body is not to he rightly considered as a 
patchwork of the activities of its parts, but that 
the organism itself as a whole is the true physio- 
logical unit. In this conception the functions of 
the organs and of their own cellular subdivisions 
can only find due expression in relation to each 
other and to the functions of the whole. ^ Just in 
proportion as analysis has proceeded with ever 
greater refinement to trace in terms of physics or 
chemistry the nature of given organic or cellular 
phenomena, the analysis itself is found to be 
pointing to new relationships between part and 
part of which the meaning is bound up in the 
unity of the organism. 

Of this continued absorption of analytic data 
into synthetic conception, this interweaving of in- 
creasingly manifest diversities into an increas- 
ingly emergent unity, illustration can be found in 
many directions. The name “hormone” has been 
given to chemical products of particular organs 
which pass by way of the blood to stimulate 
another organ or other organs of the^ body to 
changes in activity. This mode of chemical regu- 
lation by messenger, so to speak, is superadded to 
the more rapid method of regulation by nervous 
impulse through the nervous system and already 
many beautiful examples of delicate interplay and 
co-ordination have been discovered between the 
two kinds of regulation. In its earlier phases the 
knowledge of these ^messengers gave us a picture 
of relatively simple, though wonderfully adjusted 
acts of chemical regulation. As analysis of the 
hormonic exchanges of other glands and tissues 
of the body has proceeded, however,- a system of 
interplay and reciprocal function of increasing 
complexity has been revealed by later studies. 
Our knowledge of this is still young and quite 
rudimentary, but at every fresh step in this 
advance it became^ more evident that the multi- 
plying facts can only be resumed by a conception 
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of the whole organism as a unit of which the parts 
exist to preserve the integrity and “normality,” 

In the study of the nervous system, again, new 
methods of observation and analysis have given 
us during the past half-centun^ immense additions 
to our knawledge of the intricate fabrics of the 
brain and spinal cord and of the functions of the 
various systems of fibres and ceils. The content 
of our knowledge of these must be tenfold that 
which was known fifty years ago. Here again, as 
investigation has gone forward, and as analysis 
has proceeded by methods so special and so re- 
fined that neurologists work, «ls it were, in a field 
of their own, it has proceeded only to reveal ever 
more and more clearly what Sherrington, one of 
the chief pioneers in this analysis, has himself 
called the “mtegrative” action of the nervous 
system. The fabric of nerve cell and fibre, 
whether we trace its historj' from the lower to the 
higher animals, or whether we trace its complexity 
in the individual, is revealed to us as a series of 
superimposed controlling systems whose structural 
relations find intelligible expression only in terms 
of functions, and of functions of the animal as a 
whole 

Is the same return to synthetic conceptions to be 
found as a result of analysis of the biochemist.? 
His work has brought much simplification to our 
notions of the chemistry of the body. We have 
learned that in the exchanges within the living 
cell \ve are not necessarily, or indeed probably, 
dealing with molecules of a complexity unknowm 
outside the living body; we do not now think as 
folmefriy of substances being worked up through 
successive stages of elaboration into a living mole- 
cule — a molecule of “protoplasm” of mystical 
complexity’ — or of other substances reappearing as 
the result of incessant degradation of parts of the 
living molecule. Analysis has shown already 
that many characteristic cell-changes turn upon 
relatively simple reactions of a kind familiar in 
chemistry between known and relatively simple 
substances. How much further will this analysis 
proceed ? No doubt many of the typical func- 
tions of particular kinds of cell will become ex- 
pressible in a set of chemical formulae, and evety 
simplification attained by the biochemist in terms 
of known ^ chemical or physical law will be a 
notable gain. Yet even now we can feel ajssured 
that the analyses of the biochemist bring with 
them new enaphasis upon the essential unity of the 
whole organism. Let me give but one illustration 
of this. In the studies of immimity from disease 
at had long been known that substances which to 
a chemist would appear to be identical could be 
sharply distinguished in the most decisive way by 
biological reactions. Tiny fragments of a small 
blood-clot can be made thus to declare whether 
they come from a man or from what other animal, 
when no chemist would have dreamed of finding a 
distinction. Dudley and Woodman have lately 
been able, however, to bring biochemistry within 
the range of this biological delicacy of discrimina- 
tion, and have shown a subtle difference in the 
chemical architectures of the caseins derived res- ' 
pectively from the milk of a cow and of a sheep. 1 
More recently the two modes of analysis have been 
brought side by side. Similar cells in similar ■ 
organs of the two not widely dissimilar birds, the : 
hen and the duck, secrete layers^ of egg-albumin ] 


during the completion of that wonderful struc- 
ture, the egg. From the “white” of each egg can 
be prepared apparently identical albuinins, and 
m a pure crystalline form. This albumin is built 
up in each case from simple materials — amino- 
acids — derived from the food, and we should 
naturally expect a close similarity between the two 
kinds of resulting albumin, that in the hen’s egg 
and that in the duck’s The most refined methods 
of ordinary chemical examination show us, in- 
deed, that the two are chemically identical and 
indistinguishable, containing on analysis the same 
amounts of the same varieties of amino-acids. 
But Dakin has lately succeeded in tracing a differ- 
ence between the two albumins, exhibited only as 
partial differences in the order or pattern in which 
some of the constituent amino-acids are linked to- 
gether in the structure of the albumin molecule. 
By using a physiological test, Dale, at the same 
time, has been able to show a decisive and even 
dramatic difference between the qualities of the two 
albumins so n^ar to chemical identity. By using 
the “anaphylactic” reaction of the organic tissue 
from an animal “sensitised” against hen albumin, 
he has found tjiat a suitable application of hen egg- 
albumin will produce a decisive response, while 
an exactly similar dose of duck egg-albumin will 
produce no effect whatever ; and so vice versa. 
Here, then, is some authentic stamp of unknown 
kind imposed uniformly upon the parts of the 
organism of a given species, even upon the mole- 
cules of the albuminous coating of its egg. We 
are brought sharply back from the relative sim- 
plicities of chemical analysis to consider this 
supra-chemi^cal impress of specific pattern, a 
phenomenon which can have no meaning that is 
not drawn from a conception of the organism as 
a whole. 

It would be impossible here, and quite unneces- 
sary for the present purpose, to do more than 
refer finally to the beautiful researches of recent 
years upon the modes of regulation of breathing, 
upon the gas exchanges of the blood, and upon 
the associated activities of other organs, and 
especially of the kidney, which have brought such 
ample support and illustration to the doctrine first 
clearly tat^ht by Claude Bernard, namely, that 
the different mechanisms of the body, various as 
they are, have their single object in '"'preserving 
constant the conditions of life in the internal en- 
vironment.” These regulative functions in parti- 
cular have been fully discussed by Dr. Haldane in 
a recent notable essay, and he has shown how, 
as their diemicai analysis has proceeded and 
observations have been collected by physiological 
methods, themselves of a delicacy often far ex- 
ceeding those of present^ physical and chemical 
methods, it has become more and more necessary 
to express the facts in tepns of an organic unity. 
“The physical and chemical picture is entirely 
obliterated by the pictmre of organism.” These 
considerations are ful4 of interest, of course, in 
their relation to the rival mechanistic and vital- 
istic theories that have been advanced for the 
planation of living processes. Here, however, I 
refer to this synthetic tendency of modern physio- 
logy because of its practical bearing ujfon the 
present develoimient of the subject in the imiver- 
sities an^ the medical schools, the prelimin- 
ary anaiyses of the functions h^ve been, as we 

^ i ’ ’ " ' ' f 
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have seen, centrifugal and fissiparous in their 
tendencies, so the accompanying and inevitable 
synthesis, resuming analytical data within the 
notion of organism, has been centripetal and con- 
jugative. It is this bond of organic unity which 
must sooner or later serve to bring together the 
scattered workers in different fields of analysis. 
It is this conception of the organism, moreover, 
which must maintain physiology as a great 
primar\" branch of stud^^ — the study of the living 
organism. 

If physiology remains as a free subject of uni- 
versity study, we need not have serious fear that 
the fissiparous, centrifugal tendencies already 
noticed will be dangerous or crippling. Ludwig 
organised his physiology teaching at Leipzig in 
1S46 under the three main divisions of histology, 
experimental work, and physiological chemistry. 
In the English revival that we have earlier 
sketched, this grouping, largely under the in- 
fluence of Foster, was maintained not only at 
Cambridge, but at other centres here and in 
America. As years have passed, however, there 
has been an increasing tendency here to follow 
what is commonly done in other countries, and to 
place histology with anatomy. In my personal 
view, physiology cannot proceed without perpetual 
use of the microscope, and yet anatomy must be 
dead without histology. I should hope to see 
histology the well-worn bridge of union between 
the two subjects, just as, I think, we should look 
to cytology and the study of cell dervelopmeht to 
offer active points of growing union between 
physiology and the sciences of animal and plant 
morphology. These and other questions of de- 
tailed organisation will, I hope, be explored fully j 
in the discussion for which we are hoping to-day. 
With time also has come a great development of 
biochemistry, and this, if only from the structural 
necessities of its laboratory technique, is tending 
more and more to set up house for itself. This, 
too, is to be a matter for fuller discussion 
presently We may perhaps hope to see in bio- 
chemistry as it grows not only a common meeting- 
ground and an unfailing source of new inspira- 
tion for physiologists and pathologists alike, but 
also a pathway by which organic chemistry may 
be led towards the study of living matter. Few 
organic chemists in this country, though more in 
America, have been led by that path till now, and 
yet we must believe that biochemistry has perhaps 
even more to give to organic chemistry, as we now 
know it, than it has to gain. A study of organic 
compounds in a spirit of detachment from the 
living processes which gave them birth must 
surely lead often to mere virtuosity in the labora- 
tory transformations of chemical structure, and I 
venture -very timidly to think that many signs 
point to the near approach of a time when organic 
chemistry will feel the need of fresh inspiration 
coming from the intricate laboratory of the living 
cell In a university the separation of laboratories, 
which must be guided solely by convenience, 
as convenience is dictated by necessary differences 
in equipment and technique, may be easily trans- 
cended by the free communication of workers in 
different branches. Intellectual association and 
close co-operation, and especially within a univer- 
sity, seem inevitable, as we have seen, because of 
the converging approach of diverse workers in 


common reference to the conception of organic 
unit\'. There can be no boundaries to physiology 
narrower than the limits of the study of the whole 
organism and the balanced regulation of its living 
parts. 

i would venture here, however, to point to some 
dangers by which the sound development of 
physiology seems to be threatened, that spring 
from its necessarily close association wdth medical 
education, dangers eminent in the present stage of 
rapid growth in medical studies both here and, 
even^ more obviously, in America. Historicallv, 
physiology may be Said to have been bom of medi- 
cine, but it has sanctions and a strength quite in- 
dependent of the great services it has rendered 
and has still to render to the material good of 
mankind through medicine, and, in a less, though 
in no insignificant degree, to agriculture. We 
may recall that chemistn^, too. was almost equally 
born of medicine; medicine, at least, was the 
foster-mother and long the nurse of chemistry. ■ 
Lyon Playfair, in his inaugural address of 1858, 
in this verv place, said, nevertheless, that “chem- 
istry* in her period of^ youth, full of bloom and 
promise, was forced into a premature and ill- 
assorted union with medicine.” We can now look 
back and see that chemistry, in becoming free of 
medicine, and in becoming a great independent 
branch of learning, has. by the fruits of that, free- 
dom, repaid to medicine a thousandfold her oairiy 
debts of the nursery. So, too, the history lof ^ 
last half-century^ in which physiology has become’'^ 
an independent subject of university study, shows 
how this freedom has multiplied the gifts which 
physiology has had it in her power to return to 
her ancient mother. There can be no dissolving 
of the ties between one and the other, but we must 
see to it that these ties are well-adjusted and that 
there shall be no “ill-assorted union” between the 
two. 

In the rapid growth of medical schools through- 
out the English-speaking world there are present 
signs that the essential part which physiology 
plays in medical education and study may 
wrongly masquerade as the only service physio^ 
logy has to give to man, and may appear to fill 
the measure of her rightful status. In more than 
one of the great American universities physiology 
is treated either in theory or in practice as a sub- 
ject within the Medical Faculty to be housed 
within the Medical School, yet at the same time not ^ 
as a subject in the Faculty of Arts or of Science, 
nor to be studied alone or with other sciences as 
part of a liberal and non-professional education. 

It is rare in the United States for physiology to 
be studied by any but professed medical students, 
and there is some reason to think that it is be- 
coming rarer in Great Britain than it was a few 
years ago. 

To my mind this tendency is to be deplored It 
implies a reversal of that growth of physiology 
in freedom which began half-a-century ago and 
: from which such good fruit has already been 
i gathered. It has two chief evils among its in- 
I evitable results. Removed from its position 
among other university subjects by geographical 
separation that in some universities amounts to 
transporation and exile, it is deprived of the kin- 
, ship and co-operation of the sciences touching its 
own boundaries— those of zoology, embryology,. 
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not likely to think of it as their life-work, but will 


and botam, of agriculture, of psychology, of 
physics and chemistry. Assigned, if not limited, 
to a place in the medical curriculum, it is apt to 
be narrowed in its claims and o'lltlook, and to lose 
not only its proper neighbours, but even parts of 
itself, whittled away in the organisation of a 
purely medical programme in the guise of phar- 
macology, neurolog>", toxicology, and the like, 
for which special funds may be available, separate 
places in the time-table reserved, and independent 
departments provided. But a secofi'd evil strikes 
more deeply. Any arrangements that give in 
effect a restriction of physiological studies to 
medical students alone must be doubly injurious. 
It is injurious to the general course of education, 
because it tends to cut away from the other uni- 
versity students the opportunity of possessing 
themselves, either as a primary or secondary 
study, of the knowledge and discipline of physio- 
logy Mhich has educative value in the highest 
degree for the cultural or the practical sides of 
living. And here, secondarily, w’e may notice the 
loss'to an applied study only less in importance 
to that of medicine ; I mean the science and prac- 
tice of agriculture. It i^> injurious, again, to 
physiology itself, because we know well from re- 
iterated experience how many promising recruits 
for the future advancement of the subject have 
been brought to it, often, as it were, by chance, 
in the course of their university life, attracted to 
it -whether from classical studies or mathematical, 
or from other branches of natural science. A 
ip.otabie number of the chief leaders in the science 
past and present generation have so been 
attracted, without any previous thought of medical 
studies as such, whether these have been added 
later or not ; of these, not a few whose names are 
well known to us ail have never become, in the 
technical sense, students of medicine at all. They 
may have lost by this, but should we willingly 
have lost them.? 

-- I hope that what I have earlier said with regard 
to the great service that physiology has both to 
give to medicine and to receive from it will acquit 
me of any charge of desiring less, rather than 
much more, intimacy and intercourse between 
them. I believe that no better service can be 
done for the good of both than to increase their 
mutual ofiices and the ties betw^een them. But we 
must see that, in uniting physiology to medicine, 
we do not uproot it from that soil m which alone 
it can abundantly flourish and bear fniit, the en- 
vironment of a university -with all that connotes 
^ there be any serious doubt of the reality of the 
^'dangers J indicated, I would point to the 

dearth of men fitted to promote and teach the 
subject among those coming from the schools in 
which physiology is regarded as a medical study 
and no more, and is not given its full university 
status. In the United States at present there is 
a grave and admitted dearth of suitable candi- 
dates for chairs of physiology, in spite of the re- 
markable work which has been done there in re- 
cent years and the fine material equipment in 
general available. I venture to offer pay'^qnvic- 
tion that the prime cause of this shortageTs the 
absence of the great recruiting possibiliti^ of uni- 
versity ^ife and the undue limitation of physiology 
tq medical students- ^ coming to physiology 

as a ^‘preliminary subject” and nothin more ate 


pass through it not to return. 

Let me, in conclusion, point again to the highest 
of the tasks which physiologv, like every other 
science, has to perform. Its highest aujd indeed 
its primary^ task is to enlarge the vision of man 
and to enrich his knowledge of truth. The secon- 
dary tasks of physiolog>" in finding powder through 
truth, power to diminish pain and to restore 
health, and to guide to right and prosperous living 
are happily so beneficient in kind, and already in 
some degree so fruitfully discharged, that it is not 
easy, or indeed common, .to keep in mind that 
great and primar>' aim. Right thinking in this 
respect is the only constant guide to right action 
in all the practical questions which confront us 
now in our discussion of the position and the 
future of this science. ‘‘Man does not live by 
bread alone” ; and w^e shall find — ^we have already 
abundantly found in experience — ^that it is only 
through the seeking of wisdom first that power to 
increase the comfort and convenience of life is 
most fully to be won. The practical services of 
inquiry have been easy for all to see. Men have 
come readily to think of physiology as the hand- 
maid of medicine and as nothing more. Of late 
years we -who follow the study of living things 
have not had interpreters to make plain to men at 
large the interest and beauty of the additions to 
revealed truth which have been coming from the 
work of the investigator. There are very few 
among the onlookers who have seen, or who can 
bring others to see, those clearer visions of the 
consummate beauty which are being revealed ia 
the study of the body, visions as remote from the 
actual figments daily painted for us by our sense 
organs as are the newest visions of the physical 
world, yet appealing as strongly to the mtellec- 
tual and aesthetic emotions. Few hold the quest 
for natural knowledge in right relation to other 
activities of the mind; few see it not merely and 
not in chief as a useful pursuit of power, but- in 
its essence as a pursuit of truth 

That knowledge of natural truth and of 3the 
changing pfttem of our ideas of the natural world 
should be an unusual or quite subordinate part 
of a cultural equipment, in this and in recent 
generations, may be due to lack of interpreters, 
but it is due also to convention and educational 
habit, and these, perhap^^, combine in- jspecjal 
degree to shut out from the world of . general 
ture the revelations of intricate in, 

living body of man. Ancient and mistaken; theo- 
logical conceptions fiiteiring through Vktorw 
age have tended to degrade the dignity . and 
marvel of the body. Generations that have been 
nurtured ujmn narrowed* classical studies have so 
far forgotten the spirit of Greece as to ignore the 
universal beauty of truth* it has been thought 
vulgar not to know the verbal details of an c^ld 
mythology, but hardly qespectablq not to be ignoT- 
ant the elementary laws of life and of the un- 
seen beauties of the body unfolded m 
^udy. So have many submitted to be.ei^c^^^mW 
in ignorance sjod superstition as to 
of reality, victims of every passing 
Out of this loss of instruction in thei beauties^, and 
wonders of living sul^ace, ^ 
ing mm$t corner qf po^ibfe 

and. indeed therqiteie, too,, a Ids^ .of 
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dignity, for we may fitly apply the rebuke of 
Robert Boyle, much more' deserved now than in 
his darker centur^^, who held it to be “highly dis- 
honourable for a Reasonable Soul to live in so 
Divinely built a Mansion as the Body she resides 
in, altogether unacquainted with the exquisite 
Structure of it.’’ 

Meanwhile the workers will proceed in their 
quest for further truth, caring little if, for the 
time being, other eyes are blind to its beauty. 
They will still be lured by it as all eager minds 
have been lured before; some will confess the 
attraction of a call for help in human need and 
suffering, some will claim austerely that they 
follow only the bidding of a curiosity of mind, 
and some perhaps may work for fame. But, 
whether they know it or not, the effective lure 
that Nature holds out to those of her followers 
who have it within them to respond to it, and so 
to reach new knowiedge, is a quickening hint of 
further beauty to be unfolded in further truth. 
Whether they know it or not, they might make 
the same Confession as that of St. Augustine : 
“And I replied unto all those things which en- 
compass the door of my fiesh, We have told me of 
my God, that ye are not He : tell me something 
of Him.’ And they cried, all with a great voice, 
*He made us.’ My questioning them was my 
mind’s desire, and their Beauty was their answer.” 


IMPERIAL WAR' RELIEF FUND. 

Letter to Graduate Members of the Universi- 
ties OF Great Britain i\nd Ireland. 

Many men distinguished in letters and science are 
suffering great privation in Austria to-day, and 
the present condition of student life is a matter 
of grave concern for the future welfare of Europe, 
it is the problem presented by this serious 
situation that called into activity the Universities’ 
Committee, at the instigation of Lord Robert 
Cecil. This Committee has appealed to the Uni- 
versities of Great Britain and Irelant^ to come to 
the assistsmee of the Professors and Under- 
graduates in the war-stricken areas of Europe. 
The British Universities are responding gener- 
ously; the sum of £\ per head per student is being 
gradually raised, giving to date a total of 
£32,000; this has been done mainly by student 
effort. The money is being spent in a carefully 
organised plan for the relief of the most destitute 
students in the Universities of Austria, Hungary, 
Poland, Czecho-Slovakia, dfcc., and in giving a 
certain amount of food and clothing to the Pro- 
fessors and Lecturers of the Austrian Universities. 

The plea for help for Senior Members of the 
Universities of Austria has not met with such a 
wide response as the plea to students for students. 
This we feel sure is partly due to a feeling that 
such small gifts as Graduate Members can afford 
to give may be of insignificant value We are, 
however, in^ a position to point out that any sum 
^bscribed is valuable. The average Viennese 
Professor, with wnft and children, draws but the 
equivalent of £40 to £60 per year to maintain 
himself and his family. From the Armistice to 
the end of last year one-tenth of the Professors 
and Lecturers of Austria died, largely as a result 
of want, starvation, and consequent disease. We 


feel that no further comment is necessary. 

The Universities’^ Committee, whose appeal 
to students on , behalf of students has re- 
ceived such ap encouraging response, is 
asking an equal effort on the part of^ men 
of learning in Great Britain and Ireland in the 
work of relieving the distressed Senior Members 
of sister Universities. Men who are famous 
throughout the civilised world, Exner, Tchermak, 
von Lang, Palisa, Strygowski, Wilhelm, Klein, 
Fuchs, Fried, Ebner, Charlemont, Lorenz- 
Liburnau, and many others, are finding very 
great difficulty in carrying on their work. ^ If 
every man and woman who has had the privilege 
of studying in this country would give £i is., the 
staffs of the Austrian Universities would be at 
least sure of adequate nourishment for themselves 
and their families. 

{Signed) William Bragg, Biyce, A. S. Edding- 
ton, Richard A. Gregory, Haldane of Cloan, 
Frederic G. Kenyon, Walter Lock, Donald 
Macalister, Charles J. Martin, Henry A 
Miers, Gilbert Murray, E. Rutherford, M. E. 
Sadler, Arthur Schuster, Napier Shaw, A. E. 
Shipley, George Adam Smith, Ernest H. Star- 
liT^g, J- J- Thomson. 

Since the above signatures to this appeal were 
given, facts as to the conditions obtaining among 
the men of science and learning in Russia have 
been brought to our attention. Between 1914 
IQ20, 30,000 doctors died through war and pesti- 
lence. The need for doctors, scientific men, 

engineers, agriculturists, &c., is vital to the 
country. Through seven years of war and revo- 
lution, with almost complete severance from 
Western Europe, Russia has been reduced to a 
position dangerous to civilisation. Famine of an 
intensity unparalleled in human record has de- 
vastated the country. The American Relief Ad- 
ministration and other funds are bending all their 
energies on trying to save the children. The 
Universities’ Committee, in co-operation with the 
British Committee for Aiding Men of Letters and 
Science in Russia, hope also, with your assistance, 
to relieve some of the most acute distress obtain- 
ing in the Universities of Russia, 

Cheques should be made payable to the Hon 
Treasurer, Universities’ Committee, and sent to 
the Organising Secretart*-, at Fishmongers’ Hall, 
London Bridge, E.C.4, 

Eleonora Iredale_, Organizing Secretary • 


NOTES. 


Royal Institution. — The Ninety-Sixth Christ- 
mas Course of Juvenile Lectures, founded at the 
Royal Institution in 1826 by Michael Faraday, 
will be delivered this year by Prof. J. A. Fleming, 
F.R.S., on “Electric Waves and Wireless Tele- 
phony.” The Lectures, which will be experi- 
mentally illus^trated, will be given on the follow- 
ing days at 3 o’clock : Thursday, December 29, 
“Surface Waves on Liquids”; December 31, 
“Waves in Air”; January 3, “The Telephone”; 
January $, “Electric Oscillations”; January 7, 
“Electric Waves,”; and January lo, “Wireless 
Telephony.” 
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A GREAT OFFER! 

MODERN CHEMISTRY, 

By ARTHUR J. HALE, B.Sc.. F.I.C., F.C.S. (PURE ANI> APPLIED). 

A STANDARD WORK OF ALL BRANCHES OF CHEMISTRY. 

A great undertaking, a considerable task, and a heavy responsibility are involved in the publication of 
this work. This extensive publication demanded editorial capacity and knowledge, such as the editor and bis 
assistants possessed, and the result represents the best achievement that could possibly be obtained. 

WRITE FOR FREE ILLUSTRATED PROSPECTUS. 


This a treatise which will be found invaluable to all who are in any way connected with the chemical 
industries, as well as to those concerned more closely with the scientific aspect of the subject and it will 
prove a profitable and interesting source of information for all desirous of obtaining some knowledge of the 
subject of Chemistry as a whole, or who may be seeking for guidance regarding any particular section of 
the subject. 

There is no branch of the subject, theoretical or practical, which has not r^eived attention. 

THE only book. 

: It is the only book in which, during recent years, the whole of the subject and its related branches have 

I*" "t>een treated, and it places in the hands of the chemist, at a reasonable cost, a compendium of chemical 
knowledee which will be found most valuable, and which will convey to all who use it a succinct account of 
all branches, whilst, at the same time, it will supply full and practical details to those who may be seeking 
for information regarding any particular substance, theory, or industrial process. 

AUTHOR AND CONTRIBUTORS. 

Throughout the preparation of this work the Author has been in touch with many eminent authorities 
upon the dij0ferent subjects treated, and with those actually engaged in the various industries a first-hand 
knowledge of which is essential for proper treatment. This has rendered possible a reasonable exhaustive 
and complete account of the industrial side of the subject. 

^ To the ambitious chemist this work will form a compact’ reference book on all matters pertaining to 

I Chemistry. 

I ! { jMuy^tmiATioNs. 

Chemistry ” is amply provided with illustrations. There are hundreds of text illustrations, 
i which have been inserted wherever such render easier the proper understanding of the descriptions of 
j processes or principles dealt with in the text There are numerous plates erf considerable interest and great 
|>ractical value, and they have been selected with much care from a very large number reviewed and collected 
durinsf the preparation of this work. 

They enhance considerably the educational value of the wi rk, and convey, when studied with the description 
in the text, much information concerning large scale work, and Manufacturing Chemistry in all its brandbes. 

An Indispensable Book for — 

ANALYTICAL AND CONSULTING CHEMISTS. 

ASSAYERS AND METALLURGISTS. 

AGRICULTURAL CHEMISTS 
BLEACHING AND TEXTILE CHEMISTS. 

BIOCHEMISTS. 

CERAMIC INDUSTRIES. 

DRUGS AND PHARMACEUTICAL P EPARATI 6 NS. 

ENGINEERING (CHEMICAL). 

DYE A1«D colour INDUSTRIES. 

EXPLOSIVES. MATCHE';. AND PYROTECHNY, 

FOODS* PATENT FOODS, INFANT FOODS, 

FINE CHEMICALS 

GAS WORKS, GAS-MANTLE INDUSTRY. 

INDUSTRIAT CHEMISTRY. 

MINERALOGISTS* MINING ENGINEERS. 

A Standard Work pf Reference. The Editor has the advantage of knovdedge of many Experts, 
Ihiblished on convenient terms. 

1,5CX) pages ; about 300 Full-page Plates, Diagrmns, Tables^ and Formulae. The Illustrations will be 
an important feature of this great work. 

In short, this is a work which no Chemist can afford to be without, and whi<& we now ^ve him the 
opportunity to obtain on very easy terms. ' , 

Send this form in penny unsmled envUope or a postc&rd. 

To Messrs Virtue & Co., Ltd., (C. N, Dept.), 7, City' Gdrlden Row* NX 

Please send me free your illustrated Prospectnf Modern Chemistry,'* wi^ all . information as jlo, ^ 
your offer to deliver the Volumes as pubiishod^ipn tnohfhly terms, also state cash price. 
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The Optical Society.— In addition to its 
ordinary' programme, the Optical Society has 
arranged a series of special meetings to be devoted 
to subjects dealing with the evolution and 
development of various types of optical instru- 
ments. The Science Museum, Kensington, 
possesses a most interesting, and in many respects, 
unique collection of such instruments, ivith the 
characteristics of which instrument makers and 
users might well be more familiar. By arrange^ 
With the Museum authorities,, these instruments 
Will be available at the meetings for purposes of 
Illustration and demonstration. T^e meeting 
of the series will be held at the Imperial College 
bf Science and Technology, on Thursday, Nov. 
|24, 1921, at 7.30 p.m., when Prof. F. J: Cheshire, 
p.B.E.,^ will deal with “Polarising Apparatus.” 
Other subjects to be discussed at future meetings 
include “Microscopes” (Prof. A. Pollard), “Tele- 
scopes” (Mr. D. Baxendall), “Astronomical and 
(Surveying Instruments” (Mr L. C. Martin). 

I MEETINGS JOR THE WEEK 


I Monday, Nontmhtr 28 . 

koyal Society of Arts, 8, (Cantor Lecture). “ Processes of 
i Engraving and Etching,” by Arthur M! Hind. 

Farad^ Society, 8. “ The Effect of Cold Work on Commercial 

\ Cadmium.” by J. NeiU Greenwood. “Reaction between 
Cathodic Hytbag^.and Nitrogen at High Pressures,” by 
1. jN, ^hd E. Q. Ransome. “Tne.^Electrolysis ot 

Aqueous Solutions bf Alkaline Nitrites with a Lead Anode 
and an Electrometric Determination of the Constitaiion of the 
<;C<jmplex|A#on ForBmdJ^by F. H. IcSery. “ An Inhibition 
Period m the Separation an Emu sion," by T. C. Nugent. 
“ Induced Reactions and Negative Catalysis,” by N. R. Dbar 
and N, N Mittra Dr. S* J^d Lewis and Miss F. hi. Wood 
wUl exhibit and desorfba A New Adjustable Thermostat for 

* all Temperatures between o and lOO deg. Cent.” 

* ' Wednesday, JVo»rtpi&if 30. 

I^oyal $ociety of 8., “The Preservation of Stone," by Sir 
' Frank BameS 

, Thursday^ December i. 

nstiiulipS 6f1$l©ctricat Engineers, 6. “The Cyc Arc Process of 
j Automatic Electric Wmding,” by L. J. Ste^ and H. Martin. 


ROYAL SOCIETY- GOVERNMENT GRANT FOR 
SCIENTIFIC INVESTIGATIONS. 

A PPLICATIONS for the year 1922 must boj 

received at the Offices of the Royai Society not later than J 
January 1st next, and must be made on printed forms to t es 
obtained from ihe Clerk to the Governm-nt Grant Committee, 
Royal Society, Burlington House, London, W.l. 


PATENTS, TRADE MARKS. Handbook 

^ and advice free— B. T. King, British and ^ Regd. Patent 

Attorney, 146a, Queen Victoria St,, London 35 years reference 
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Inquiries solicited from INVESTORS and 
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; — ^ ; 1 

lnvaht€tbf» la wary Lu^ortkiory, ' 

lUHBHCTmtRS' PRACTIGIL Rcfes . 

Jameson’s Treasury of Original Recipes and New 
and Improved Processes, with full working instructions^ 
for manufacturing Prospectus, giving details of con 
tents, sent post free on mentioning offer 438. ^ 

FOVI,<E2S, The Booksell^i^ ’ 
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THE PRESENT POSITION OF THE 
THEORY OF DESCENT, IN RELATION TO 
THE EARLY HISTORY OF PLANTS.* 

By H. D. SCOTT, LL.D , F R.S. 

It has long been evident that all those ideas of 
eyolntion in which the older generation of 
naturalists grew up have been disturbed, or, in- 
deed, transformed, since the re-discoveiy of 
Mendel’s work and the consequent development 
of the new science of Genetics. Not only is the 
^'•omnipotence of Natural Selection” gravely im- 
pugned, but variation itself, the foundation on 
which the Darwinian theoiy^ seemed to rest so 
securely, is now in question. 

The small variations, on which the Natural 
Selectionist relied so much, have proved, for the 
most part, to be merely fluctuations, oscillating 
about a mean, and therefore incapable of giving 
rise^ to permanent new types. The well-established 
varieties of the Darwinian, such as the count- 
less forms of Erofhila vermij are now inter- 
preted as elementary* species, no less stable than 
Linnean species, and of equally unknown origin 
The mutations of De Vries, though still accepted 
at their face value by some biologists, are sus- 
pected by others of being nothing more than 
Mendelian segregates, the product of previous 
crossings; opinion on this subject is in a State 
of flux.^ In fact, it is clear that we know 
astonishingly little about variation. 

My friend, Dr. Lotsy, indeed, proposes to 
dispense with variation altogether, and to find 
the true origin of species ,in Mendelian segrega- 
tion; inheritable variability, he believes, does not 
. exist; new speoies, on his bold hypothesis, arise 
' hy crossing, and so, as he points out, we may 
have an evolution, though species remain con- 
stant Thus everything apparently new depends 
on a re-combination of factors already present in 
, the parents. “The cause of evolution lies in the 
iSite|ra€tion oi two gametes of dilferent constitu- 
tion.’’' , ' ' 

I am aware that, yery surprising results have 
been obtained by crossing. Nothing could well 
have been more striking than the series of 
Antirrhinum segre^|d^| i TOich Dr. Lotsy showed 
‘laieeting of the Linnean' 
^ ’ we hear of an apetalous 

Lychnis produced by the crossing of normally 
petal oid races. We do not know yet to whaf ex- 
tent that sort of thing goes on in Nature, or what 
chance such segregates have of surviving. Still, 
if one may judge by Dr. Lotsy ’s experhaental 
results, ample material for Natural Selection to 
work on might be provided in this way (see Dr. 1 
* Lotsy’s book, “Evolution by Means of Hybrid- 
isation, The Hague, 1916). . -1 ; * 

Dr. Lotsy’s theory that new specie^; 
by Mendelian segregation, if ^true,f|# 4 f|ITmve 
the advantage that it w^ld^ make quite plain 
the meaning ; .sexual , i^roductam Hitherto 
there has been a gO^ deal of -doubt; soin^ 
authorities have held that sexral , 

* Mclress delivered ^fore Section iC," BritisJi ' 

t ‘ ' (Edin5)tirgh ^ ( : f 1 ^ 

r . ' ^ ^ ^ ^ 


stimulated, others that it checked variation. But, 
if we elimmate variation, and rely solely on the 
products of crossing, we get a clear view — 
“species, as well as individuals, have two 
parents”; sexual reproduction can alone provide 
adequate material for new forms, and can pro- 
vide it in unbounded variety. 

Again, though Dr. Lotsy himself is far from 
sanguine on this point, the crossing theory* 
might be helpful to the evolutionary morpholo- 
gist, for breeding is open to unlimited experi- 
ment, and we might hope to learn what iSnds 
of change m organisms are to be expectecL For 
example, the Lychms experiment shows how 
easily a petaloid race may become apetalous. 
Such results might ultimately be a great help 
in unravelling the course of evolution in the 
past. We should gain an idea of the transforma- 
tions which might actually have taken place, 
excluding those which w*ere out of the question. 
At present all speculation on the nature of past 
changes is in the air, for variation itself is only 
an hypothesis, and we have to decide, quite 
arbitrarily, what kind of variations we think 
may probably have occurred in the course of 
descent. One need only recall the various 
theories of the origin of the seed from the mega- 
sporangium to realise how arbitrary such specu- 
lations are. 

But, while recognising certain advantages in 
the theory of the origin of species by crossing, 
it is not for me to pronounce any opinion as to 
its truth It is only the present position of the 
question that concerns us to-day. We shall hope 
to hear a statement of Dr. Lotsy’s views from his 
own lips. 

Some modern geneticists believe that there is 
evidence for mutation by the loss of factors, 
apart from the effects of crossing. Dr. Lotsy 
considers that such changes, if proved, can afford 
no explanation of progressive evolution. “Evolu- 
tion by a process of repeated losses, is inconceiv- 
able.” It has, however, been pointed out by Dr. 
Agnes Arber, in her recent admirable book on 
water-plants, that, on any theory of evolution, 
“what organisms have ganied in specialisation 
ttey have lost in plasticity.” She avails herself 
of a human analogy and says : “The. ^n, 
though superior to the baby in aotuai achieve 
ment, is inferior to it in the qualities which. may 
be summed up in the w'ord ‘promise’,” as 
the Angiosperm, though its degree of differentia- 
tion so greatly exceeds that of th^ primordial 
protbpiasmk speck, is inferior to it when judged 
by its power to produce descendants of widely 
var>^ing types ip. 335}. 

This is true, but it is not ctetr that this 
admitted loss of potentolities is the same tldng 
as thb loss of factors, in the sen^ of genetics. 
For example, if a glabrous variety of Violet 
^arose as a .miaation by loss of the factor 
:hbt hairiness, a^iming j^at such a loss was per- 
•manentj the efed would seem to be a dimihufem 
of speciahsation, though, no doubt, k ndght also 
be interpreted as a losis of potenltalty* ^ . 

Turning for a moment to Darwin’^s own th^dry 
of the orkin of species by n^tn$ of 

the ^cicy of ‘in weeding 

dtlt^ TO W#*' mj f I , cp^s#,t W! actoowledged, 
^d some’ aJlow is a considerable idle. 

% a strong tendency in these days to 
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admit natural selection, only as a '‘merely nega- 
tive force/’ and as sucU it has even been dis- 
missed as a “truism,” Now Darwin’s great book 
was most certainly not written to enunciate a 
truism. He regarded natural selection as “the 
most important, but not the exclusive, means of 
modification” (“Origin of Species,” p. 4). It was 
the continual selection of the more fit, the “pre- 
servation of favoured races,” on which he relied, 
and not the mere obvious elimination of the un- 
lit, and this great idea (so imperfectly understood 
by many of his contemporaries and successors) 
he worked out with astonishing power, in the 
light of the changes which man has produced, 
with the help of his ovm artificial select'on. 

It may be that the theory of natural selection, 
as Darwin and Wallace understood it, may some 
day come into its own again; certainjy it illu- 
minated, as no other theory has yet done, the 
great subject of adaptation, which to some of us 
IS, and remains, the chief interest of biology. 
But in our present total ignorance of variation 
and doubt as to other means of change, we can 
form no clear idea of th^p material on which 
selection has had to work, and we must let the 
question rest. 

For the moment, at all events, the Darwinian 
period is past; we can no longer enjoy the com- 
fortable assurance, which once satisfied so many 
of us,, that the main problem had been solved — 
ail is again in the melting-pot By now, in fact, 
a new generation has grown up that knows not 
Darwin. ^ , 

Yet evolution remains^ we cannot get away 
from it, even if we only hold it as an act of 
faith, for there is no alternative, and, after all, 
the evidence of palaeontology is unshaken I 
have thought it fair to lay stress on the present 
state of ' uncertainty in all that concerns the 
origin of species. On another occasion I even 
ventured to speak of the return of ‘"pre- 
Darwinian chaos.” But out of this chaos doubt- 
less light will come. 

Last year we had a joint discussion on Genetics 
and Palaeontology; among many good speeches, 
I specially remember a remark by Miss 
Saunders, our then President, that Mendelism 
is a theory of heredity, not of evolution — a 
caution not unneeded, though as the crossing 
hypothesis shows, the connection between the two 
conceptions may prove to be a verj’ close one 

Genetics is rendering the greatest service to 
biology generally in ensuring that organisms 
s^ll be thought of as races, not as isolated in- 
dividuals, mere chemical and physical com- 
plexes, at the mercy of the environment. The 
whole tendency of modern work is to show that 
in living things heredity is supreme. An organ- 
ism is what it is by virtue of the constitution of 
the germ -plasm derived from its parents. As 
Dr. Church has said in one of his recent Botani- 
cal Memoirs : “The individual is no longer to be 
regarded as an isolated unit, or a casual creation, 
but is the present representative of a ‘race’.” 
That is to say, the individual is not, as short- 
sighted chemical physiologists tend to believe, a 
mere physical mechanism, the creature of the 
external environment to which it passively res- 
! but it is the living presentation of a con- 
^nuous line of organism, successful since living, 
or a “race” leading back as the expression of 
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continued response to very similar, but not 
necessarily identical, environment, in unbroken 
plasmatic continuity, over a period of time 
which, m terms of ultimate cytological history, 
may represent a contirTuous reaction and record 
for anything up to such an inconceivable period 
as two thousand million years.” This expresses 
the case vigorously, whether we accept the time 
estimate or not. Dr. Church goes on to say 
that “during this period the more fundarnental 
reactions, as expresed in morphological units of 
construction, have been established as constants 
beyond any hope of change’’ (Form Factors in 
Coniferae, Oxford* 1920, p. 22). This last state- 
ment is an important one for the palaeontologist, 
for all our attempts to trace descent rest on the 
assumption that, in a general sense ?tnd re- 
gards certain well-established characters, “Like 
breeds like ” 

History, then, broadly speaking, is eveiy^thing. 
But there is more than one kind of history in bio- 
logy. First, we have the exact records of the 
Mendelian from generation to generation, F^, 
F“, and so on; this alone is adequate, but we 
usually have to be content with something much 
less. At the other end of the scale there is the 
fossil historj^ full of gaps and uncertainties of 
every kind, but always imposing from its vast 
duration. Then there are intermediate kinds of 
biological history, such as the imperfect reoof^i. 
of the breeding of cultivated plants or domestic 
animals. These can sometimes now be inter- 
preted in the light of the more exact genetic 
histones, as Dr. Lotsy will show us in the case 
of some neglected and misinterpreted observa- 
tions of Darwin. “Domestication,” as he says, 
“spells segregation^ followed by selection and iso- 
lation of the desirable segregates.” Darwin him- 
self, though necessarily groping in the dark 
where genetics nere involved, yet thought the 
study of cultivated and domestic races the best 
clue to the origin of species. If thb holds good 
btilJ, it makes a strong point in favour of the 
crossing theory of evolution, for the history of 
cultivated laces seems to be largely the history of 
deliberate or unconscious Mendelian crossings. 
We may reasonably expect to find a relation be- 
tween the proce&s of oiigmation of neiv cultural 
xaces and that of new species in Nature. 

This suggests the question, what we mean b> 
a “species” — far too difficult a matter to discuss 
now. Whatever we .may think of Darwdn’s 
theory, his “Origin of Species” is at any rate a 
classic, and I believe we cannot do better than 
continue to use the word in the same sense as 
Danyin used it — I e,j essentially in the sense of a 
Linnean species. 

Perhaps the best answer to the question “What 
IS a species is in the form Ranimculus 
refeftsj* avoiding all attempts at definition. I 
know Dr. Lotsy thinks differently, but pure races, 
whatever else and however important they may 
be, “are but rarely or never met with m Nature’^ 
(Lotsy), and are certainly not species m the 
classical sense in .which Darwin used the word; 
to my mind it seems a pity to go out of our way 
to change completely the meaning of a familiar 
term. We can continue to call “pure races” by 
that name or any more modern equivalent, and 
“elementary species” may still be called so, or 
I have no objection to" calling them “Jordanons.” 
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In the interests of practical taxonomy they neces- 
sarily have to be kept subordinated to Linnean 
species. There are difficulties enough either way, 
but they are, as it seems, less if we adopt the 
conservative course. That many Linnean species 
are real units of a definite order is generally ad- 
mitted. Dr. Lotsy himself dwells on their dis- 
tinctness, \vhich depends on their usually not 
inter-crossing, and appears to be shown by the 
fact that among animals members of the same 
species recognise each other as such and 
habitually breed together. Such habitual breed- 
ing together under natural conditions is perhaps 
the best test of a species in the Linnean sense. 
*‘The units within each Linnean { = species) form 
an inter-crossing community” (Lotsy). ^ He adds ; 
‘‘Consequently it is Nature itself which groups 
the individuals to L inneons ” These “pairing 
communities” have recently been re-christened by 
Dr. Lotsy “syngameons”, a good name to express 
this aspect of the old species (Lotsy, La QuinU 
essence de la Tkeorie du Crotsement. Archives 
Nderlandaises des Sciences, S^r. HI. B., igi7, 
iii:). 

I do not propose in these brief remarks to 
venture on that well-worn subject the inheritance 
of acquired characters — i.e.j of such characters 
as are gained during the lifetime of the indi- 
vidual by reaction to the environment. There 
has always been a strong cross-current of opinion 
in favour of this belief, especially in our own 
time, in the form of “unconscious memory”, so 
ably advocated by Samuel Butler and supported 
' Sir Francis Darwin in his Presidential 
the British Association at Dublin. 
Prbl. ^Henslow, as we all know, is a veteran 
champion of the origin of plant structures by 
keif-adaptation to the, environment. On the other 
hand, some geneticist§^ roundly deny that any 
inheritance of somatically acquired characters can 
take place. In any case, the evidence, as it 
seems, is still too doubtful and inadequate to 
Warrant any conclusion, so, however fascinating 
such speculations may be, I pass on. ' 

To bring these introductory remarks to a close, 
vye see that whde the theory of descent or evolu- 
tion is undisputed, we really know nothing cer- 
tain as to the way in which new forms have 
arisen from old. During the reign of Darwinism 
we comnmnly assumed that this had happened by 
the continual selection of small variations, and 
we are no longer in a position to make any such 
assumption. 

We have been told on^ high authority that “as 
i as we <|o IbioW how Primula abc&mca 
produced ft$' abuhdant new forms it is no time to 
discuss the origin of the Mollusca or of 
Dicotyledons” (Bateson). Yet this is just the 
kind of speculation in which a palaeontologist is 
apt to indulge, and if kept off it he would feel 
that his occupation was gone ! However, so long 
as we may believe, as already said, that, on the 
whole, like breeds like, that grapes do not spring 
from thorns, or figs from thistles, tlhtere is per- 
haps still sufficient basis for some 
interpret the past history of plants 
descent. But certainly we iiave iMStTpeater 
caution, and, we must, te careful not to go far 
beyond bur 'and, \n particular, to avoid 

elaborate derivatibns' of one type of structuf® 
from another where the supposed transit|<|fal 



forms have but a purely subjective existence ; w’c 
have realised the difficulty of tracing homologies. 
We may still be allowed to seek affinities, even 
where we cannot trace descent. And though we 
may sometimes fo a little beyond our tether and 
give rein to bolder speculations, there is no harm 
done so long, as we know what we are doing, and 
there may be even some good in such 
flights if our scientific use of the imagin- 
ation serves to give life to the dn’ bones of bare 
description. On this subject I am somewhat 
more optimistic than Dr. Lotsy, who, abandoning 
his “Stammesgeschichte” point of view, has dis- 
missed all attempts at phyligenetic reconstruc- 
tion as “fantastic.” 

There are some questions of the highest interest 
that at present can scarcely be approached in 
any other but a speculative way. Within the 
last year or two, new points of view have thus 
been opened out. For example. Dr. Church’s 
able essay on “Thalassiophyta and the sub-aerial 
transmigration” has brought vividly before us the 
great change from marine to terrestial life. 

The origin of a land flora had, of course, 
been discussed with much ability before, but 
rather as incidental to a morphological theory. 
Dr. Church puts the actual conquest of the land 
in the foreground. We watch the land slowly 
rising toward the surface of the primeval ocean, 
the rooted sea-weeds » succeeding the free- 
swimming plankton, and then the continents 
slowly emerging and the drama of the trans- 
migration as the plants of the rock-pools and 
shallows flt themselves step by step for sub- 
aerial life when the dr>' land appears. It is a 
striking picture that is thus displayed to our view 
— whether in all respectls a faithful one is another 
question ; we must not expect impossibilities. 
The doubts which have been raised relate first to 
the assumed world-wide ocean, which seems not 
to be generally accepted by geoiogis^.^ If con- 
tinental ridges exist^ from the first from 

the original condensation of watery vapour to 
form* seas), the coloration of land may 
have followed othqr lines and have happened re- 
peatedly. Ferhai^i after all, that would not 
greatly , aSm the botanical aspects of the trans- 
migrati<^ 

^ne other difficulty is, however, a botanical 
^ne. l>r. Church looks at the whole problem 
horn the sea- weed point of view, and k is well 
he does, for sea-weeds have been badly neglect^- 
especially by some of the great continental inor- 
phoiogists, who used to lead our speculative 
Dr. Chur<;h is‘ much impressed by the 
high organisation of tnany sea-weeds, especially 
in the living marine by that of the Brown 

Algae. Here we find well-differentiated leaves 
special reproductive shoots, extremely efficieni 
holdfast rootSt and sometimes a definite alter 
n^tiop of generations^ while, on the anatomica 
side, we meet with true parenchymatous tissues 
a . welt-developed phloto and secondary gnnfd 
la thickne.S9 TWc hPm fact, in many 
an anticipation ot, or ah analogy with , 
features which characterise the jplants 0 

tlie land. " ' “ , ^ 

Dr. Chufch Wiev^s that the" 
logical of ^ the land^tea^WfaRs Ite 

^ sea; that, .ffplttei^cters wer 

'not 
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they merely represent an adaptation to sub-aerial 
conditions of a differentiation already attained at 
the phase of marine phytobenthon (rooted sea- 
weeds). At the same time it is not suggested 
that any existing class of sea-weeds can be taken 
as representing the ancestry of the land flora; 
the transmigrant races are, as Algse, extinct — - 
they may have been Green Algm of a high grade 
of organisation, on a level now perhaps most 
nearly represented by the highest of the Brown 
Seaweeds. 

Thus the transmigrants, which were destined 
to become the parents of the land flora, are pic- 
tured as already highly organised and well- 
differentiated plants, which only needed to pro- 
vide themselves with absorptive instead of merely 
anchoring roots, and with a water-conducting 
system (xylem and stomata) in order to fit 
themselves for sub-aerial life, while, on the re- 
productive side, the great change remaining to be 
accomplished was the adaptation of the spores 
to transport by air instead of by water. 

It is clearly impossible to criticise the theory 
in detail, for the assumed transmigrants are ex 
hy^othesi unknown ; we can only form a distant 
conception of what they were from the analogy 
of the hig:hest sea-weeds of the present day, 
which admittedly belong to quite different lines 
of descent. Dr. Church puts the transmigration 
so far back (pre-Cambrian) that not much help 
can be expected from fossils, but to this subject 
we shall return 

So^e botanists find a difficulty in accepting the 
* suggestion that plants ali*eady elaborately fitted 
out for a marine life *couid have survived the 
transition, however , gradual, to a totally different 
environment. Sucn thinkers prefer to believe 
that lower forms may have been more adaptable, 
and that morphological differentiation had, in a 
to start afresh when the land was 
first invaded. My own sympathies, I may say, 
are here with Dr. Church, for I have long in- 
clined to the belief that the vascular plants were, 
in all probability, derived from the higher 
Thallophytes. The view of the late Prof 

Lignier, now so widely accepted, that the leaf, 
at least in the megaphyllous or fem-like vascu- 
lar plants, was derived from specialised branch- 
systems of a thallus, assumes, at any rate, that 
the immediate ancestors possessed a well- 
developed thallus, such as now knowui only 
among the higher Algae The Hepaticae, as wx 
now^ know them, clearly do not come into the 
question, and the Pro-hepatics, which Lignier 
postulated as early ancestors, have only a 
theoretical existence, and if they were ever pre- 
sent in the flesh may well have been transmigrant 
Ugae. 

The questio'n now arises, how far have we any 
evidence from the rocks, which may bear on the 
transmigration and on the nature of the early 
land flora ? A very few years ago no such evi- 
dence was available — such data as we then 
possessed seemed too obscure to discuss. Quite 
recent discoveries, especially those from the 
famous Rhynie Chert-bed, have shown that in 
early Devonian times certain remarkably simple 
land-plants existed, which in general configura- 
^ tion were no more advanced than some very 
sea-weeds of the present day. At the 

I ‘ were obviously fitted for 

I I life> as shown by the presence of h 


water-conducting tissue and stomata, and by the 
manifestly air-borne spores. These simplest 
land-plants are the Rhynicese (Rhynia ^ and 
Hornea)^ while the third genus, Asteroxylon^ was 
more advanced and further removed from any 
possible transmigrant type. 

My friend Dr. Arber was so impressed bv the 
primitive character of Rhynia (the only one of 
these genera then known) that he boldly called 
it a Thallophyte, while recognising, in respect of 
anatomical structure, an intermediate position 
on the way to Pteridophyta. This is not really 
very diffetesnt frpm the view taken by the investi- 
gators themselves, though they call the plants 
Pteridophytes, which they certainly are, if we go 
by internal structure ratfief than external mor- 
phology. But if, as KidstpB and Lan^T^gglft, 
the Rhyniacese “find their place 
ginning of a current of change from an ’ 
like type of plant to the type of the simpler 
vascular Cryptog^s, they must have been very 
primitive indeea and might even be regarded as 
fairly representing the true transmigrants which 
had not long taken to the land. (This view is 
fuither developed and expanded in the authors’ 
fourth memoir, which I have had the privilege of 
reading in MS.). 

It is true that the middle Devonian is much 
too late a period for the original transmigration 
(I believe there is some evidence for land- 
animals in the Lower Silurian), but one ^ 
argue that some of the transmigrant^ forms may 
have survived as late as the Devonian, just as 
the Selaghiella type seems to have gone on with 
little change from the carboniferous to the pre- 
sent time. There ^ must have ^ been many such 
survivals of earlier forms in the^ Devonian 
period, if Arber was right in ^ regarding all the 
characteristic plants of the Psilofkyton Flora as 
“much more probably Thallophyta than Pter-» 
idophyta (“Devonian Floras : A Study of the 
Origin of Cormapbyta,” Cambridge, iq 2 i, p. 47). 
Certainly some of them, apart from the Rhyni- 
acem, have an alga-like appearance , 

Pseudosforochnus] and there is some evidfpc^; 
that such plants also w’ere vascular, 'there is, 
in fact, no doubt that the earlier Devonian Flora 
is turning out to have been on the whole more 
peculiar and more unlike the higher plants than 
we realised a few years ago. The early 
Devonian plants cannot usually be referred to 
any of the recognised groups of Pteridophytes, 
and this is not owing to our imperfect knowledge, 
for it is just in those cases where the plants are 
most thoroughly known that their unique syste-t 
matic position is most manifest. Arber called 
all the plants in question “Procormophyta’’ — an 
appropriate name. As Kidston and Lang point 
out in their later work, the three groups — Ptexi- 
dophyta, Bryophyta, and Algae — are brought 
nearer together by the Rhynie fossils. 

And yet there is evidence that about the same 
period stems with the highly organised structure 
of Gymnospermous trees already existed. I refer^ 
to remains of which Palmofitys Milleri^ from 
the Middle Old Red Sandstone of CTomatty?, is 
the type. We need much further investigation 
of the^- ^gher fopas of early Devonian vegeta- 
tion, but we know enough to impose caution on 
our speculations, 

The Rhyniacem, at ail events, were leafless and 
rootless plants. In one species of Rhynia and in 
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ing thickness, the inner ones being structureless 
and of a translucent brown colour, while the 
thick ones are black and opaque. The trans- 
lucent flakes do not affect polarised light, and as 
will be shown, chemical examination proves the 
substance to consist of humus or humic acid. 
The powder is readily and completely soluble 
in caustic potash, soda, or ammonia, forming a 
clear deep-brown liquid, which, on acidifying 
with sulphuric or hydrochloric acid, deposits a 
copious brown flocculent precipitate, leaving the 
solution moderately coloured. In strong sul- 
phuric acid the dark powder dissolves readily, 
particularly on slightly warming, forming a 
clear, very dark-brown solution, which, on being 
poured into a large volume of water, throws 
down a copious soft brown precipitate, leaving 
the solution only slightly coloured. In strong 
nitric acid, the powder dissolves readily., but no 
precipitate is produced on dilution with water 
nor on neutralisation with alkalies. Even on 
boiling, the substance is only sparingly soluble* in 
strong hydrochloric acid. 

When the precipitate obtained by dilution of 
the solution in strong sulphuric acid is drained 
on a Alter, the resulting slimy mass is readily 
soluble in water and also ih strong spirit, giving 
a solution resembling caramel. The water solu- 
tion obtained in this way, when treated with 
barium hydrate or carbonate becomes colourless, 
the substance being carried down along with the 
ba4^ sulphate. daxl^-brown solution ob- 

talBe<i by treating a mlute solution of soda or 
potash with excess of the substance, is readily 
precipitated with alcohol, the supernatant liquid 
having still, however, a fairly dark colour. A 
solution in potash, on neutralisation with sul- 
phuric acid, avoiding excess, remains clear and 
^is precipitated by addition of alcohol. The pre- 
cipitin ^ May be thoroughly washed with dilute 
alcohol (Sp. Gr. o-86), after which it dissolves 
readily in water, the solution so formed not being 
precipitated by alcohol, but, if a small amount 
of potash- or soda be added, alcohol produces a 
copious precipitate, leaving the solution only 
slightly coloured. The aqueous solution of the 
alcohol- washed precipitate gives brown precipi- 
tates with most metallic salts, precipitation being 
complete, also with the hydrates and salts of 
barium, calcium, and strontium, with the alums, 
and with bromine water. Iodine, tannin, and 
starch solutions produce no precipitate. 

Amongst the few metallic salts which do not 
cause a precipitate are mercuric chloride and 
amtaoniacal nitrate of silver. The colour is re- 
moved by shaking with hydrates of iron and 
alumMa and with litharge, manganese dioxide, 
animal charcoal, and ordinary soil, previous ig- 
nition of ^ the soil making no difference. When 
shaken with sand the solution is decolourised, the 
colour, however, being absorbed entirely by the 
flue clayey portion of the sand, the coarser grains 
being inert The same applies to treatment with 
the black sandstone, after ignition, but if sand 
qt soil is boiled with hydrochloric acid and 
washed so as to remove soluble mineral matters, 
residue is quite inert. I 

^^he substance can be salted out of solution 
^ number of salts, sodium chloride, and ^ 

^ ammonium sulphate, nitrate and chlor- ' 

' pie- the solution but faiipftlyi 
^ pted dflicentrated solutions, acetic 


acid causes practically complete precipitation in 
a well curdled form, but from dilute solutions 
the precipitate is slimy but equally pomplete. 

The barium compound prepared by precipi- 
tating the water soluble preparation with baryta 
water, washing with alcohol, and drying, cor- 
rected for associated mineral matter, contains 
41*3 per cent, barium oxide. 

The pulverised air-drv rock yielded the follow- 
ing figures to proximate analysis : — . 


AVater 

1*63 

X-Qss on ignition 

S’lg 

Sand ^ ^^’** * 

... 89*50 

Soluble m hydroqhkiric acid 

o:6S 


100*00 


When the cqating from 
lixiviated until" quite free 
dried, it has the“ following proximate eompW- 
tion : — 

Water at C 17-3 

Loss on ignition . . 67*6 

Mineral 15*1 

100*00 

On boiling 0*5 grm. with 50 cc. N / 10 caustic 
soda and titrating back with corresponding sul- 
phuric acid, 24*7 cc of neutralisation ivas ob- 
tained. 

This preparation, after drying at 150° C., cal- 
culated free from mmeral matter, gave the 
suits below, on ultimate analysis. Humus is' 
known to have a somewhat variable composition 
according to source and method of preparation. 
When made from sugar, for instance, ti may be 
quite free from nitrogen. For comparison I have 
inserted analyses of humus from a number of 
sources, references to which are given. 

Analyses of Humus Derived from Various 
Sources. 

(I) . (2) ( 3 ) ( 4 ) 

Carbon ... 50*53 5775 53*42 52*71 

Hydrogen ... 5-67 5*43 ,5*16 3*^ 

Oxygen ... 43*20 36*02 4 o:q2 41*^ 

Nitrogen ... o*6o o*8o 0*50 

100*00 100*00 IO 0“00 100*00 

(1) Black sandstone. New South Wales. 

(2) Brown peat. Watt’s “Diet. Chem.”, 1879, 

viii 3 p. 649. 

(3) Decayed fir wood. Jour. Chem. Soc.j 1906, 

Abs. ii., p. 388. 

(4) Decayed oak wood. Jour Chem. Soc.^ 1906, 

Abs. ii., p. 388. 

A preparation of humus made by treating black 
soil from Blackheath, N.S. Wales, with potash, 
and precipitation with sulphuric acid, behaved in 
all respects in a manner identical with the blade 
sandstone preparation. 

I would propose the name Ulmite for this form 
of humus as found coating sandstone grains. 

Samples of black sandstone were supplied to 
me by Mr. W. S. Dun, of the Department of 
Mines, from McAuley^s lead, Esk River; Iluka^i 
Clarence River; and San^ Souci, near Sydndy. 
They were in all respects similar to my speci- 
men from Tweed Heads, 

coating to the above occurs on the 
rounded grains and pebbles of rock phosphate 
which constitute the surface “soil,” four to six 
inches in depth, on Ocean Island (Jour. Soc. 
Chem bid., 1921, xl., p. sqT). 
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THE REACTION OF IRON 
NITRIC ACID. 

By JOSEPH G. BKOWN. 


WITH 


In previous papers the theory was advanced that 
the rate of solution of iron in nitric acid of 
different density is associated with different 
chemical reactions. This theory was based upon 
the study of a voltaic cell having an iron anode 
and with nitric acid as an electrolyte. In general 
it was concluded, (1) that the rapid rate which 
takes place in dilute acid, is associated with the 
formation of ferrous nitrate; (2) that the moder- 
ate rate which occurs in acid of intermediate 
density is associated with a ferrous reaction in- 
volving some other product than ferrous nitrate; 
and (3) that the very slow rate in concentrated 
acid IS associated with a feme reaction. 

The chemical products of this reaction and of 
the electrolysis of nitric acid were investigated 
by Freer and Higley in 1899. Veley and Manley 
m^sured the eie€troi3^ic conductivity of nitiic 
1898. Young and Hogg measured the 
reaction rates of the process in 1915. 

A consideration of the results of these studies 
and of the properties of the iron and nitrogen 
oxides and hydroxides has led to a more detailed 
theory of the action of iron wdth nitric acid. 

Iron forms three known oxides : ferrous, ferric, 
and ferroso-ferric; and three hydroxides : ferrous, 
ferric, and meta-ferric. The hydroxides are 
amphoteric, 2.^^ they act either as weak bases or 
;vfeak acids. This indicates that they ionise 
or hydrogen 10ns and prob- 
ably" wnfe wth. The ease with which iron com- 
pounds change valence and the tendency which 
they have to form compounds with mixed valence 
are well known. ^ ^ + 

Nitrogen forms five oxides : pentoxide, per- 
oxide, trioxide, nitric and nitrous, and in com- 
bination with hydrogen, amine oxide and am- 
monium oxide. These oxides unitje with water 
to form the senes : nitric acid, nitrous acid, 
hyponitrous acid, hydroxyl amine, and ammo- 
nium hydrox^e. Dilute nitric acid is one of the 
strongest acids known, while ammonium hy- 
droxide and hydroxyl amine are bases. The 
felfi^mediate compounds are weak acids. 

A ^s^idy of the properties of water solutions 
of nitric acid^ of their action in electrolysis, and 
their reaction v/ith hbfetals, indicates that as the 
density increases the acid characteristics become 
weaker, and the basic characteristics become 
thus show^ fee ^amphoteric nature of 

The reduction products which result i^htn iron 
is dissolved in dilute acid are shown to be the 
consequence of the action of hydrogen ions ’ in 
decreasing the valence of nitrogen. In conse- 
quence of this reduction electrons are reihO'r^d 
from the iron by No+ and N -t ions. In con- 
centrated acid, however, the hydrogen i<M con- 
centration is smajl, hence the reducing action 
upon the nitrogen does not occur. This 
in electrons bemg removed from the i:^nt 
Hos-f ions, which, on account of theMM^^ig 
character, increase the of the' ir^^feus 

ferri^- before any reaction takes 

placei . ' J. . 

The observations are best accounted for 
^suming that in concentrated acid fe^' 


IS basic, i,e.j that the iron ions unite first with 
with hydroxyl ions. 

The products of the electrolysis of nitric acid 
solutions and the formation of the passive con- 
dition w'hen an iron anode is used in the elec- 
trolysis, are in strict agreement with these con- 
clusions. 

It is believed that the principles involved in 
this theory are of general application. Chromium 
forms a series of oxides similar to iron but with 
an additional acid forming oxide. When chromic 
acid is used as an electrolyte in the cell with an 
iron anode, the results are similar to those ob- 
tained with concentrated nitric acid.^ No matter 
how dilute the chromic acid solution may be, 
there is no indication that the acid reaction takes 
place. This might be expected since chromium 
compounds show a more strongly amphoteric 
character and chromic acid is much weaker and 
more oxydising than nitric acid . — Physical 
Review, October, 1921. 


STELLITE.* 

By ELWOOD HAYNES. 



Realizing many years ago that an alloy that 
would take a cutting edge and at the same time 
resist the action of the atmosphere would fill a 
long-felt want, I made attempts even then to 
produce such a mixture or combination of metals. 
I found, however, that the problem was beset 
with many difficulties. Alloys containing copper 
were always subject to the tarnishing action of 
moist air antf sulphuretted hydrogen; mixtures 
containing nidkef ^and^ copper only possess the 
same disadvantages, tfTough to a limited degrfee. 
Aiuminium alloys with copper and nickel gave 
considerable hardness ^d a very high el^tic 
limit, but they would tatnish in moist air," par- 
ticularly in the presence of hythMen sulphide. 

In i8qi I raade an alloy of nM^ tung- 
sten, and, while this was not immuiafe -to acids. 
It resisted atmofi|4#^c infiuences remarkably 
well. Thls^ was made by melting imre 

tungsteii* smd pure nickel in a small crucible 
com^ofeed of a mixture of pure alumina and 
pure magnesia. The fusion was made in a 
small fumate of my own construction. 
fuel used was haturafgas, using air Mast frepn 
a small fobt-belloWs, \ ^ 

Later, in 1898. I produced pure alloys Of 
and ?qhromium by fee rj&ductioh of their mixed 
oxides* with purer aluminium. The alloy of 
nickel and chroifiiufn thus fonned .took a high 
polish, and ^ retained its' lustre in boiling nitric 
acid when fee chtomiic^ constituted^ more than 
twelve to fifteen p^f tent of the' alloy. Th^ 
alloy domld be Hied rather readily, and could ht 
iVodfeB cold iutd sheets if sufficient care 

; : 1 ' ^ 'ah ^ alloy of cobalt , t 

T^lromium in^ manner, but 

^reaction took place a certain 
oxygen was evpived, and the mew^ty^ Thrown , 
from the crucible. TMs was dde fe fee 
that the hig|ff bf cobalt 
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while in the former experiment NiO was em- 
ployed. 

»lhe reaction for the production of the nickel 
felloy was as follows : : — 

3 NiO + Cr^ O3 + 2Ala = NiaCra + 2 Al^Oa. 

The reaction in the case of cobalt was : — 

= Co.Cr^+sAlaOa. 

It is obvious that by varying the proportions 
of the various oxides, alloys of varying com- 
positions can be obtained. 

It was only a step from this reaction to the 
production of the alloy by the simultaneous re- 
duction of the oxides of their constituent metals 
by means of carbon. 

Afterwards, they were produced on a commer- 
cial scale by melting pure nickel or pure cobalt 
with chromium. Since the cobalt-chromium 
alloys possessed great hardness and could be 
worked at a blight red heat, it seemed to be the 
more promising field for further investigation, 
and when, in the early part of 1900, large 
quantities of cobalt ore were discovered in 
Canada, and it became possible to procure the 
cobalt oxide at a comparatively reasonable price, 
I decided to place ^ the alloy on a commercial 
basis. 

The discovery of these alloys was first made 
public at a meeting of the American Chemical 
Society, in San Francisco, in 1910, 

About this time I discovered that by adding 
tungsten or molybdenum to the cobalt-chromium 
alloy, its hardness could be very much increased, 
though the addition of either of these metals in 
any considerable quaUtity rendered the alloy un- 
workable either hot or cold. It could, however, 
be cast into almost any desired form, and when 
cast bars were ground to a cutting edge and 
placed in the tool-holder of a lathe, the alloy 
- showed a considerable advantage over 
high-speed steel as a lathe tool. 

The first remarkable test of this sort was made 
in the machine shop of the Haynes Automobile 
Company. A large boring mill had been pur- 
chased for boring cylinders. This mill was 
supplied with a boring head in which were in- 
serted small radial cutters which bored out the 
interior of the cylinders directly from the rough 
castings. I was informed by our superintendent 
that he had found it impossible to work the mill 
to more than half its rated capacity on account 
of ‘'burning” the steel tools. We had up to that 
time ^ made only a few * tests on the lathe of 
Stellite tools, but he was very anxious to try 
the alloy in the form of boring cutters. I 
accordingly produced a set of cutters of Stellite, 
which were inserted into the boring head. When 
I came to the factory the next day, about 1130 
in the forenoon, I asked the man at the mill what 
success he had achieved, and he replied that he 
had a day's work out at twentv minutes of 
eleven m the forenoon.” In fact, he was boring 
as many cylinders in a day 
with Steihte tools as could possibly be bored with 
steel ones. This test fully demonstrated the 
practical utility of Stellite tools. 

^ In 1912, another paper was read on this alloy 
in New^ York, at one of the sessions of the 
International Congress ^ of Applied Chemistry. 

It was found quite difl&cult to make metal of 
imifoim texture and quality in the form of cast- 
but most of the difScuIties have been over- 
and we are now placing upon the market 
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I cast tools of various kinds made of Stellite, 
which are of standard quality both as to strength 
and hardness. 

The alloys are made almost entirely in elec- 
tric furnaces of the Snyder type. The materials 
composing the alloy are placed in the furnace 
in the usual manner, and the current turned on. 
The alloy fuses rapidly, without much oxida- 
tion, under the intense heat of the electric arc. 
We find that of the metals composing the alloy, 
chromium is most readily oxidised, -v^hile cobalt 
seems _ to ^ show more volatilisation, and tungsten 
is subject to the least change. It is true that the 
portion of furnace above the metal becomes filled 
with nearly pure carbon monoxide. This gas 
will oxidise chromium under ceftaju. ^ pli^cuip- 
stances at very high temperatures, 
ently no free carbon is produced in the fumacO. 
This is probably because there is sufficient free 
oxygen or carbon dioxide to re-oxidise any car- 
bon that may 'be temporarily produced. 

At fipt much difficulty was experienced with the 
electric furnace linings, but after a certain 
amount of experimental work we were able to 
produce a magnesite lining which gives most ex- 
cellent satisfaction in practice. When we first 
began the use of these furnaces, we considered 
ourselves fortunate if we could get eight or ten 
melts without either complete re-linmg or heavy 
repairs. We now commonly obtain from two 
thousand to three thousand melts from a single 
lining, and some of them stand even higher than 
this. 

The electric arc, on account of its extremely 
high temperature, causes a certain amount of 
volatilisation, or oxidation in the melting of 
many metals, but Stellite withstands the condi- 
tions remarkably well, particularly after the 
fusion is once made. In melting scrap, however, 
if certain precautions are observed, only a very 
slight loss is experienced in re-meltmg. Stellite 
can be melted in covered crucibles^ under suitable 
precautions with a loss of less than 2 per cent, 
and sometimes it does not even reach i - 

Not only have the Stellite alloys contaiSlag 
cobalt, chromium, and tungsten, or cobalt, 
chromium, and molybdenum shown great econo- 
mic advantage as lathe tools, but the binary 
alloys (consisting of cobalt and chromium only) 
have likewise received a wide application in the 
form of dental instruments, surgical instruments, 
pocket knives, &c, 

A modified ^ Stellite alloy, known as Festel 
metal, consisting of cobalt, iron, and chromium, 
is also manufactured ^ into table knives, which 
give excellent results in service. 

All of the above alloys are practically immune 
to all _ atmospheric conditions, whether the air 
be moist or diy, or whether it contain minute 
quantities of laodium chloride or sulphuretted 
hydrogen. -Knives made of this alloy can be 
used for cutting all sorts of fruit, including 
lemons, oranges, apples, d^c., without becoming 
discoloured in the slightest degree. A new 
interesting application of malleable Stellite is as 
a substitute for gold in the manufacture -of pen 
points for fountain pens. The tips of these pens 
may, if desired, be made of extremely hard 
Stellite, which can be welded to the malleable 
alloy. This application is particularly gratifying 
because the metals replaced, gold and irrodos- 
mium, are exceedingly expensive. 
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PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 
Nolwmber 17, 1921. 

Prof. C. S. Sherrington, President, 
in the Cliaii. 


The following papers were read : — 

^*The Design of Ref eating Patterns/* By Major 
P. A. MAcMuioN, and W. P I> 

MacMahon, 

The object of the paper is to provide a method 
for the studj and classification of repeating 
patterns in space of tw’o dimensions. It is founded 
upon the simplest geometrical forms wiiich 
happen to be repeats. These are employed as 
bases and are subjected to specitied transforma- 
tions which depend upon certain contact systems 
between the sidc^ which are in contact in the 
The classification is based upon • — 
(i) The base polygon; 

(li) The general contact system; 

(iii) A subdivision of the contact system (11). 

Particular attention is paid to the design of 
symmetrcal repeats, and a calculus, with this 
object in view, is introduced. This involves a 
further sub-division of (iii) above into genera, 
each of w^hich includes an infinite number of re- 
peats. The symmetrical repeats based ujwn the 
equilateral tti^gle and 'upon the square involve 
' 1 respectively. 

inemselves are of three varieties — the 
The “stencil,” and the ‘'archipelago” — the 
nomenclature of the last tw^o being adopted at 
the suggestion of Mr., [G. T. Bennett. There is 
a further broad division into normal and abnor- 
mal repeats. * 

A‘ theory of “complementary repeats” is estab- 
lished and is believed to be of significance and 
importance It is showm that a contour can be 
drawm around every normal repeat in an in- 
finite number of ways, in such wise that the 
area within the contour, which does not belong 
^to the repeat, is itself a repeat. The contour 
7^l|5iifed TO, under specified conditions which can 
h^l^ermined, is itself the boundary of a re- 
peal, wiikh is therefore a combination of the 
original repeat and » its complementary. 

Repeats with circular boundaries (of thti 
^‘stencil” variety) are brought forward and illus- 
,By permissi^ of Mr. Bennett, occasion 
his discovery of the fact 
that quadrilateral figure” is a repeat. 

“A Problem in the Theory of Ip eat Conduce 
itan ” By Prof. J. W. Nichol&ON, F.R.S. 

The main problem is that of the conduction of 
heat outside a cylinder whose surface is main- 
tained, from some specified instant, at a con- 
stant temperature for all subsequent time A 
solution is obtained for the temperatui^ at^ any 
^oint in the external medium, and for 
of loss of heat from the cylinder at 10||| ^ 

The principle of the meth<^, is a 

^i^ei^alifed fom tho' ?essel-Fourier double 
integral. ^ ,$OiutioB^ js obtained, 

in simBair ^ way y Tor the general probletp^ 'hil 
Jwh>ch the tenp^rature maintained bnfjthe' 






drical surface is not constant, but any arbitrary 
function of time. 

^*The Thermal Stresses in Sfherical Shells 
Concentrically Heated/* Bv Prof. C H Lees, 
D.Sc., F.R.S. 

It 1*^ show'n in this pai>er that the thermal 
stresses in the material of a furnace of appioxi- 
mate spherical form due to diffeiences of tem- 
perature, and the stresses due to pre^^-iires on the 
inside and outside surfaces, mav be expressed in 
simple form in terms of the volume of the 
sphencal suiface through any point oi of ii'^ recip- 
rocal. It i'=i then shown that the expressions lend 
themselves readily to ge<jgraphical representation, 
and lead to graphical methods of treating the 
whole problem. The elastic constants of the 
material have to be taken as constant, but it is 
shown how the variation of the dilatation with 
temperature may be taken into account. 

The numerical values of the stresses in a fur- 
nace of fire-bnck, with walls 20 cms. thick, 
wdiose surfaces are at 1100'^ C. and 100° C. res- 
pectively, are calculated, so far as they can be, 
with the constants available for fire-brick. The 
increase of stress due to sudden changes of tem- 
perature of the inside surface is discussed. 

^^Mathematical Foundations of Theoretical 
Statistics/* By R. A FiSHER. 

Methods of reduction of data implicitly involve 
interpretation of data to be handled as a ran- 
dom sample of some hypothetical infinite popu- 
lation, the parameters cd which it is desired to 
estimate. In this process three of pro 3 > 

lem arise ; (<?) to determine mathematical speci- 
fication oi population from which sample is re- 
garded as drawtij {b) to estimate from sample 
the parameters of population; {c) to calculate 
distribution of statistics calculated from random 
samples, , .a 

The paper deals main^^ with problems of esti- 
mation {b). Tw'o criteria of adequacy of any 
particular method of estimation,,^ have hitherto 
been put forw^ard : (1) the CritenShi o# Cohsi^ 
tency merely requif . that the method when 
applied population should yield the 

requk,^ pspnakieter *, (2) the Criterion of Efir- 
cieq^ compares the value of different statistics, 
suggeked as estimates for a given parameter, by 
means of standard deviations of statistics from 
large samples* ! 

The most efficient statistic is that which 
least standard deviatioii; the efficiency of any 
other statistic is the of number of ol^^a- 

tiow required by ipiD^t ^ efficient statistic to that 
required by staftstfc t^er consideration in order 
to obtain a value of same accuracy. 

It is shown that Criterion of Consistency is a 
special case of Criteiion of Sufficiency, which 
requires that the sufiicient statistic shali^ include 
the ,wi^le relevant information provided by 
ESIciency of any other statistic may be 
locked apon ^ ^p^noenttage of relevant informa- 
tiOte available by that statistic^ j : * 

f Proof is giVfeh that a certain class pf 
(tho^ obtained by method of liveli- 

hood) are always suffick^t statistics; and theren 

f .... T 1^. ' -irm.. 


fore have 
^andaxd 



prob 

statJ 






„ iaescF 


statistic, of 
blind. 





298 


Notes 


rCHEMicAL News 
L December c, 1921 


'^The Diffraction of Plane Electromagnetic 
Waves of a Perfectly Reflecting SfhereP By 
F. P White. 

This paper is an attempt to obtain from the 
well-known series solution for the problem of the 
diffraction of plane electromagnetic waves by a 
perfecth reflecting sphere approximations Which 
are suitable for numerical evaluation when the 
radius of the sphere is large compared with the 
wave-length. 

The method employed consists in tian^forming 
the series into a contour integral along a path 
of -^steepest descents” and then approximating 
to the value of this integral For points which 
arc not nearb directly behind the sphere, the 
first approximation obtained agrees with that 
found by Dr. Bromwich [Phil, Trans, A, iq20j 
ccxx., 196); second approximations are also ob. 
tained, which agree fairly well with the numeri- 
cal results of Messrs. Proudman, Doodson, and 
Kennedy [Phil. Trans. ^ A, 1917, ccxvii., 279), for 
the case = a being the radius of the sphere 
and 2jr/« the wave-length.^ 

The more difficult region behind the sphere 
IS also investigated by a similar method, the 
integrals involved being here much more compli- 
cated, and the results are again compared with 
those of Proudman, Doodson, and Kennedy. 

Whispering Gallery Phenomenon P By C 
V, Raman and G. A. Sutherland. 

The paper deals with some observations made 
in the Whispering Gallery at St. Paul’s 
Cathedral and also in the laboratory experiments, 
which show that, while Rayleigh’s theory of the 
phenomenon is undoubtedly on the right lines, 
It does not offer a complete explanation of all 
that IS observed. The optical analogue of the 
Whispering Gallery is described, and it is shown 
that the effect contemplated by Rayleigh, that is, 
a single belt of maximum intensity close to the 
wall, is obtained only in the limiting case when 
the radius of the reflecting circle is practically 
infinite in comparison with the wave-length. For 
more moderate values of the radius of curvature, 
we get a succession of belts of alternately great 
and small intensity. Similar effects are also 
observed in the acoustical case. The explanation 
of the results is discussed, and it is shown that 
the slight inevitable deviation from the condition 
of strictly circumferential wave-propagation 
postulated b> Rayleigh must give rise to such 
effects. 


SOCIETY OF GL.-XSS TFXHNOLOGY 

A meetmg of the Society of Glass Technologi 
was held in the Fuel Department, the Univer- 
sity, Leeds, on Wednesday, November 16, 1921, 
the President, Dr. Morris W. Travers_, F.R.S., 
in the Chair. 

Following a demonstration by Mr. F. W. 
Knowles of an "‘Improved Gas Reversing Valve 
tor Regenerative Furnaces”, the meeting re 
solved Itself into a discussion of problems con- 
nected with *^The Melting of Glass”. 

A lively discussion ^ took place upon various 
questions connected with the technique of glass- 
making. The President then announced that the 
next meeting would be held in London on 
December 14, 1921, and that by the courtesy of 


the Directors a visit had been rafanged for the 
forenoon of that day to the works of Messrs 
United Glass Bottle Manufacturers, Ltd., at 
Charlton. 


NOTES. 

^ Commercial Research Fellowships. — The 
Executive Council of the British Empire Exhibi. 
tion announce five or more Commercial Research 
Fellowships for competition among Chambers of 
Commerce in the United Kingdom. The value of 
each Fellowship will not less than ;£5oo, and 
will include a rst-clas^ murn ticket to the Domin- 
ion, Crown Colony, to w' 
proceed. The subjec^ts^ Of'* ; 
follows : ( i) The best means 
imperial trade in a selected 
The methods whereby the Bri 
tion can furtherAhe interests of this trade ; (3) The 
potential resources in raw materials, &c., in the 
Dominion or Croivn Colony visited, and the best 
means for exploiting these in the mutual interest 
of the Dominion and this country; (4) The means 
whereby these undeveloped resources may be ade- 
quately represented at the British Empire Exhibi- 
tion and brought to the attention of interested 
financial or industrial groups. Particulars of con- 
ditions can be obtained by application to the 
Secretary, British Exhibition (1923) Incorporated, 
16, Hobart Place, London, S.W.i, 

Institution of Rubber Industry. — Meetings 
will be held monthly at London and each of the 
following centres : Manchester, Birmingham, and 
Glasgow. Papers of practical interest to all sec- 
tions of the rubber industry? wdll be read at these 
meetings on dates to be announced later, as 
follows : “Ingredients of Rubber Mixings,” by Dr, 
Samuel S. Pickles, D.Sc. ; “Widening the Field 
for Rubber Manufactures,” by Fordyce Jones 
(Chairman, Reliance Rubber Co. Ltd.) ; “Vulcan- 
isation — Past, Present, and Futdre,” by Dr. 
Schidrowitz, Ph.D., F C.S. ; “Rubber WqiW. 
Worries,” By Capt. F. J. S. Gray fWrB ' 
Manager, S Helens Cable & Rubber Co. Ltd.) ; 
“Cold Vulcanisation,” bv S, J. Peachey (The 
Peachey Process Co Ltd.); “Rubber Pigments — 
Composition and Stability under Cure,” by H. 
Dudley Ward; “Difficulties in Rubber Manufac- 
ture,” by Dr. J. Torrev (Vice-President North- 
Western Rubber Co.); “Crude Rubber from the 
Consumers’ Standpoint,” bv Dr. W. C. Geer 
(Vice-President, The B. F. Goodrich Co.) ; 
"‘Rubber Mixes and the Question of Accelerators,” 
by J. L Rosenbaum (Hoolev Hill Rubber and 
Chemical Co.); “Rubber Production”; “Troubles 
in Rubber AVorks”; “Rubber Proofing”; Special 
Rubber Machinery”; Electricity and its Uses in 
the Rubber Industry” ; “Tyres— Solid and Pneu- 
matic”; “Golf Ball Manufacture”; &c. 

Appointment.— -The Chancellor and Trustees of 
the University of Pittsburgh announce the 
appointment of Edward Ray Weidlein as Director 
of the Mellon Institute of Industrial Research. 

Celluloid — -Ib view of the increasing use of 
celluloid for industrial purposes and of its in- 
flammable nature, many attempts have been made 
to produce a material that while possessing the 
valuable properties of celluloid shall be free from 
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fire risk. A new manufacture has been placed 
upon the market under the name of “Celastoid,” 
which is claimed to have “all the good qualities 
of celluloid and none of the bad ones.” Celastoid, 
or cellulose-acetate^ can be obtained from the 
British Cellulose & Chemical Manufacturing Co., 
8, Waterloo Place, London, S.W. 

The Making of Reflecting Surfaces — Dis- 
cussion at a Joint Meeting of the Physical and 
Optical Societies held on November 26, 1Q20. 
at the Imperial College Science and Techno- 
logy, South Kensington, S.W. 7. — We have re- 
ceived from the Hon. Secretary’ (Papers) of the 
Optical Society, a copy of the Proceedings of 
this important discussion. The work opens with 
a survey of the Bibliography of Metallic Deposi- 
tion on Glass, and of the more important papers 
on the Construction and Nature of Reflecting 
Surfaces, by R. Kanthack. The outcome of the 
Authors* interesting and exhaustive survey is that 
the fundamental discovery’ of a process for 
depositing silver upon a glass surface is due to 
Liebig, who, in 1853 published in the Ami d. 
Pharm. a method for depositing silver upon 
glass in the form of a brilliant mirror, by the 
action of aldehyde upon silver oxide in water. 
Since then, although very numerous papers have 
appeared upon the subject, very’ little real pro- 
gress has been made, and the author concludes 
his survey by stating that “at the present time — 
85 years after Liebig’s classical discoveiy* — ^we 
pot evolved any method of chemical deposi- 
iOB giass so scientific and practically perfect 
that it’ could be adopted officially.” Then follows 
a list of the more important papers on 
the construction of reflecting surfaces commenc- 
ing with a paper by S, Bernaid, appearing in 
the Jour, de VEcole P oly technique ^ Paris, in 
179$, down to that of A. Silvennann and F. D. 
Neckermann that was published in the Trans. 
Am. Chem, Soc. in 1915. After this introductoiy’ 
survey, the folloudng papers and discussions 
appear : Survey of the Bibliography of Metallic 
Deposition on Glass, by R. Kanthack; A Biblio- 
graphy of the more important Papers on the 
Construction and Nature of Reflecting Surfaces, 
by, Kanthack; Notes on the Formaldehyde 
Process of Silvering, by H. N. Irving ; Some 
Workshop Notes on Silvering, by Sir James 
Weir French, D.Sc.' (Messrs. Barr & Stroud, 
Ltd., Glasgow); The Silvering of Glass Reflec- 
tors by Chemical Deposition, by F. Ellerman 
D. Babcock ((Mount Wilson Observatory); 
TW ^ Silvering of a Large Reflector, by C, R 
Davidson (Royal Observatory, Greenwich) ; Note 
on the Silvering of Quartz and Glass Fibres, by 
R. S. Whipple, M.I.E.E. (The Cambridge and 
Paul Instrument Co. Ltd.); Some Notes on 
Mirrors used for Reflecting Heat Radiation, by 
Prof. Chas. F^ry (Ecole Municipale de Physique 
et'de Chimie, Paris); Deposition of Metis by 
Cathodic Spluttering in Vacuo, by F. Ellerman 
and H, D. Babcock (Mount Wilson Observatory); 
Note on the Production of Mirrors byiGalbodkr 
Bombardment, by F. Simeon, B.Sc.^ 

(Messrs. Adam Hilger, Ltd.); Platinum Reflect- 
ing Surfaces Prepared by the “Bjuming-in” Pro- 
cess, by Julius Rbeinberg, F.R.l^.S., F R.P.S. ; 
A Note on Mirrors for use in Optical Ins^rtu 
ments under Industrial Conditions, Gj 

Collins (The Cambridge and Paul 


Co. Ltd.) ; A Photometric Method of Measuring 
the Reflecting Power of Mirrors, by John W. 
T. Walsh, M.A., M.Sc. (The National Physical 
Laboratory); General Discussion. The work, 
which IS well printed and illustrated, is pub- 
lished by the Fieetway Press, Ltd., Dane Street, 
Holborn, W.C.i, price 5s. (postage 3d.). 

Tenders for Trade Ship. — The Directors of 
the British Trade Ship, of which Earl Grey is 
Chairman, announce that provisional tenders are 
being obtained by the builders of the^ ship for 
the various parts and fittings. Exhibitors who 
are in a position to suppJy some part or fitting 
as an exhibit actually in use on board, quite 
apart from their display in the Exhibition proper, 
are naturally anxious to have their products 
accepted for this purpose. At Wallsend-on-Tyne, 
where the ship will be built, and at the offices 
of the British Trade Ship, 12, Grosvenor Gar- 
dens, London, the examination of specifications 
is taking place with a vieiv to determining the 
market value of each part and its exhibition value 
to the supplier. The examination is of consider- 
able interest as revealing the place of different 
cities in the construction and equipment of the 
Trade Ship. Birmingham wants its bedsteads in 
the best cabins, Kidderminster its carpets, Brad- 
ford its textiles, not only on show, but in use; 
Sheffield its cutlery, and so on with hardware, 
machinery, leather, glass, and electrical goods. 
The trades mentioned make up two-thirds of the 
total exports of the country, and the realisation 
of this fact explains why the Directors of the 
Trade Ship are inundated with demands to pro- 
vide exhibits which will be actual fittings of the 
ship. The acid test which the builders will 
apply m all cases is that of quality, and, unless 
an exhibitor can satisfy them that his product 
is of the highest quality, it will not be included 
as part of the structure or of the fittings of the 
ship. When full arrangements, have been com- 
pleted, the names of the chief flfms, responsible 
for the various component parts of the Trade 
Ship will be punished. The Trade Ship 
British go on its voyage as the 

representative of the manufactures of many 
cities. 

BRmsH Trade with France— in order to 
assist ip the stimulation of British trade with 
France, the British Chamber of Commerce in 
Paris is preparing a new and revised edition of 
its Franco-British Trade Index. The cost of 
compilation, classification, printing, and distri- 
bution of the Trade Index amongst French 
buyers wull be met from the funds of the 
Chamber, the only stipulation being that the 
firms appearing therein, under the various classi- 
fied headings of their manufaetpres or exports, 
shall have shown their interest in British Trade 
in ^France by becoming members of the Chamber. 
No subsidy is received by the Chamber from the 
Government, wMck eorirely depends on the mOHi- 
bers* subscriptions to dairy on its valuable work. 
The membership roll at present includes nearly 
2000 British firms or subjects. Supplies of forms 
of application for membership and fprms of in- 
sertions for the Trade Index, for distribution to 
^ request to 

of Britisft Chamber of Com-, 
meroe, 6. rwt 'Haldvy, Paris. — Board of Trade 
Nov^ber lo, 1921. 
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Nationai. Certificates in Chemistry to 
Students in Technical Schools and Colleges 
IN England and Wales. — The Institute of 
Chemistry is undertaking the functions assigned 
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THE PRESENT POSITION OF THE 
THEORY OF DESCENT, IN RELATION TO 

THE EARLY HISTORY OF PLANTS.* 

By H. D. SCOTT, LL.D., F.R.S. 

(Concluded from page 293.) 

There is one more point in connection with the 
Rhynie plants which may be mentioned, as it 
is of purely morphological interest, and may be 
more in place here than at a later stage of the 
discussion. 

In HorneCj as Kidston and Lang have shown, 
the terminal “sporangia evidently arose by the 
transformation of the tips of certain branches of 
the plant.” 

They are, in fact, very little modified as com- 
pared with vegetative parts of the stem. The 
epid^rnais and subjacent layers of the sporangial 
wall differ but slightly from the corresponding 
tissues of the branch, while the columella is 
continuous with the phloem, and resembles it in 
structure. The sporangium has no special stalk, 
and in some cases is forked, like the stem, 
having evidently been formed when the branch 
was in the act of dichotomy. 

In Rhyma the sporangia are better differen- 
tiated, but here also cases occur where the spore- 
bi^triug region differs little in structure from the 
br^cfe which it terminates. In both genera the 
sport-icon taining organ is thus nothing but the 
more or less altered end of a branch, quite com- 
parable to the stichidinm, which is differentiated 
in some Red Seaweeds as the receptacle of the 
tetraspores, while in other Algae of this group the 
tetraspores are produced in unaltered portions of 
the thallus. In Hornea the fertile branch-ending 
is less differentiated than in Rhynia^ and we 
must be prepared to meet with related forms in 
which the spore-bearing region was not differ- 
entiated at all, except for the presence of the 
spores. 

Goebel ^ taught^ that the sporangium was an 
organ sui generis^ a special reproductive struc- 
ture, which had never arisen from any vegetative 
part of the plant {^^Vergleichende Entwickelungs- 
geschichte der Pflanzenorgane.” Schenk’s “Hand- 
buch der Botanik,” Bd. IIL, Part I., 1884, P* 
130). His view has been generally accepted, but, 

, ini the light of the conditions in Rhyniacese, 
la^p^ars * to ‘ be no longer tenable. While the 
spores may still be described as organs sui 
generis j for there have always been reproductive 
cells since plants became raulti-cellular, the 
sporangium proves to be really a portion of the 
vegetative stem or thallus, which has gradually 
become specialised as a receptacle f^r the sppre^. 
The sporangium thus turns'” out ^ 

homologous with a definite part of the vegetative 
body of the plant. In these remarks I am g-Iad 
to find myself entirely in aa^rd vjedfs 

of Kidston and Lang, as stated in* \ fourth 
■memoir on the Rhynie plants. 

The recent work: on tile JE^^y ^Devonian Flora 
has wide bearings. It h^s^loi^ been noticed that 



among the fossils of that period no typical Fem- 
fronds are found. Those remains which are 
most suggestive of Fem-like habit consist merely 
of a naked-branched rachis. It used to be 
assumed that the absence of a lamina might be 
explained by bad preservation. But, as Prof. 
Halle points out, the chief reason for condemn- 
ing the preservation as bad was the fact that a 
lamina was absent ! 

The evidence really seems to indicate that the 
so-called fronds 6f that age did not possess a 
leaf-blade. As Prof. Halle says : “In the 
Lower Devonian, finally, we find frond-like struc- 
tures bearing sporangia, but no fronds with deve- 
loped laminae. One can hardly escape the con- 
clusion that the ‘modlfeed’ fertile fronds may 
represent the primitive state in this case, and 
that the ' flattened pinnules are a later develop- 
ment, as suggested by Prof. Lignier” (T. G. 
Halle, “Lower Devonian Plants, from Roragen, 
in Norway.” Stockholm, 1916, p. 38). These 
naked fronds may, in fact, be regarded as the 
little-differentiated branches of a thallus. It is 
often impossible to say whether we have to do 
with the ramification of a sftem or with a frond, 
Halle even suggests that one of his species of 
Psilofhytonj P, Goldsckmidtiij may furnish us 
with an intermediate stage between the two, as 
required by Lignier’s hypothesis. Plants of the 
Rkynia type may represent a still earlier phase, 
in which there was no differentiation whatever, 
but merely a "branched thallus. It is a curious 
point that “the circinate vernation of the Fern- 
fronds is paralleled in the branches of Psiia- 
fJiyton frince^s. 

The evidence, as at present understood, seems 
to suggest that, in the earlier Devonian flora, 
Ferns, properly so called, may not yet have been 
in existence. The predecessors of the Ferns 
(Lignier’s “Primofilicin^es,” not Arberis “Primo- 
filices”) were there no doubt, but not, so far as 
we know, the Ferns themselves. Yet it seems that 
highly organised stems of a Gymnospermous type 
were already present at about the same period. 
Thus the evidence from the older Devonian 
Flora, so fat as it goes, materially supports the 
opinion that the Se^ Plants cannot have arisen 
from Ferns, for the line of the Spermophyta 
seems to have been already distinct at a time 
when true Ferns had not yet appeared. 

The idea that the Gymnosperms were derived, 
through the Pteridosperms, from the Fems, 
which I once advocated, must, I think, be 
given up, on grounds which were stated two 
years ago at the Bournemouth meeting of the 
Association. It is safer to regard the Pterido- 
spenns, and therefore the Seed Plants generally, 
as a distinct stock, probably as ancient as any 
of the recognised phyl^ Vascular Cryptogams, 
and deriv^ from some unknown and older 
sbuttoa At the samcftime the striking parallel- 
ism between the Ftfridosperms and the trute 
Fefn% must be recognised. These views ai^ 
essentially in ^agreement with^ thc^e previotisfe^ 
expressed by my friend Dr. Kidston. 

I may be permitted to quote in thfe cbnnectkm 
an interesting remark made bv Prof. Paul 
Bertr^d. it received ; He was 

' ^’I^strang*d group, of ^Ihiits of Lower 
®M)hiferoi|s 01 . possibly Devonian age, 

the These plants have a complex 


’“Addiress delivered befece Seotioa K, Bril 
(Edinburgh Meeting). 
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polystelic structure in both stem and petiole, and incline to the latter, /or, while the 
but seem to be quite distinct from the later and plants are more or less Fern-like in structure, 


better-known polystelic family, Medullosese. 
Proh Bertrand, the chief living authority on the 
Cladoxyleae, speaks of them as very primitive 
types, in which the distinction between stem and 
petiole was still but little marked. Yet he con- 
siders them as most probably Phanerogams. 
These views, if confirmed, imply that the 
Phanerogams or Seed Plants started as a dis- 
tinct phylum, quite low-down,' at a phase when 
the differentiation between stem and leaf was 
still incomplete. 

Without laying tod much stress on an expres- 
sion of opinion such as Prof. Bertrand’s, I be- 
lieve the present evidence is in harmony with the 
view he suggests. The Spermophytes, as it 
seems, have been an independent class of plants 
from very early times; they are not to be de- 
rived from the Vascular Cryptogam^, as we have 
hitherto conceived them, but are of the same 
standing with them, having sprung from some 
long-extinct stock, comparable, perhaps, to Kid- 
ston’s and Lang’s Psilophytales, though not 
necessarily on the same line. 

The significance of the Ptendosperms has per- 
haps been somewhat misunderstood. It now* 
seems that they do not, as some of us once 
imagined, indicate the descent of the Seed Plants 
from Ferns, but rather show that the Seed Plants 
passed, through a Fern-like phase; they ran a 
parallel course with the true cryptogamic Ferns, 
amd, like them, spraug from some quite early 
race 6f land plants, such as Rhynie has 
revealed to us. Bm the phylum ivas never 
any more F ern-like than the Pteridosperms 
themselves. This, at least, is the view which 
now suggests itself, but our knowledge is still 
very meagre. We especially want to know more 
about the Devonian Spermophyta, for at present 
we have scarcely any evidence even of the exist- 
ence of seeds in any Devonian Flora Such data 
as we possess are all anatomical, and a disciple 
of Williamson must be on his guard against the 
risk of repeating the old mistake of the Brong- 
niartian school. 

Having ventured so far into speculative re- 
gions, it may be well to return for a moment to 
the facts, and ask to what extent our knowledge 
of the Fern-like Seed Plants has advanced since 
the original discoveries of 1903-1906. 1 fear that 

there is not veiy much to record. We now have 
one or two additional species of N enrofteris 
healing seeds, and also the probable seed of 
Heterangimn. Further, we have various indica- 
tions of the characters of the pollen-bearing 
organs in some Ptendosperm genera, though the 
documents, being mostly in the form of impres- 
sions, are deficient in detail. Such new informa- 
tion as has come to hand confirms in a satis- 
factor^' manner our former conclusions, but does 
little to extend them. 

On the anatomical side there has been more 
liveliness. We now know quite a number of 
Palmozoic plants, of varied structure, w'hich have 
something in common with the better-established 
Pteridosperm families, Lyginopteridese and 
Medulloseae, while they certainly have nothing to 
do with Lycopods, Horsetails, or Sphenophvlls.' 
We therefore call them Cycadofilices or Pterido- 
sperms. I prefer to use one name for them all 


many of them show no special resemblance^ to 
Cycads. 

At present we know of no fewer than eight 
families, based mainly on anatomical characters, 
which we provisionally include under Pterido- 
sperms : — 

1. The familiar Lyginopteridem (Lower and 
Upper Carboniferous). 

2. The Rhetinangium family, founded on Dr. ‘ 
Gordon’s new genus (Low^er Carboniferous). 

3. The Megaloxyleae, discovered by Prof. 
Seward (Upper Carboniferous). 

4. The Calamopityeae, recently enriched by 

Dr. Kidston with a new genus, besides new species 
(Lower Carboniferc^). , ^ ^ 

5. The SUnemyelon ■ 

Kidston’s discoveries, described Iby ^ 

junction with Gwynne-Vaughan" (Lower Carbon- 
iferous). 

6. The Proto'pitys type, a singularly isolated 
one, elucidated by Solms-Laubach (Lower Carbon- 
iferous). The above are all monostelic. Next 
come the two essentially polystelic groups : 

7. Cladoxyleae, already mentioned, a somewhat 
mysterious race, of Lower Carboniferous or pos- 
sibly even Uppei Devonian age. 

8. The well-known Medulloseae (Upper Car- 
boniferous). 

It is noticeable that five of these families are 
Lower Carboniferous (or possibly, in certain in- 
stances, older); one (Lvginopterideje) includes 
both Low'er and Upper Carboniferous members, 
while two (Megaloxyleae and Medulloseae) are at 
present known only from the Upper Carbonifer- 
ous). 

Of the eight families in question there are only 
two (Lyginopterideae and Medulloseae), in which 
we have; any evidence as to the fructification 
The other six are known only by their vegetative 
and mostly by their anatomical features. Of 
these, the Protopityeae and the Cladoxyleae are the 
most isolated, differing, for example, in the struc- 
ture of tlieir tracheides from the other familks.’ 
There seems to be no reasonable doubt that the 
families represented by Lyginafteris^ Rhetinun. 
gium, Megaloxyloii. Calaino^itySj Stenomyelaiij 
and Meditllosa are lelated, and belong to one and 
the same mam phylum. Considering that meni- 
beis of two widely separated families in this 
senes are known to have home highly organised 
seeds, there is a strong presumption that the 
whole set were reproduced by seeds of some sort. 
In the case of the two families Protopityeae and 
Cladoxyleae the marks of affinity are less obvious, 
but even here there is more in common with the 
type-families Lyginopterideae and Medulloseae 
than with any other group. 

I think then that w^e are justified, in the present 
very imperfect state of our knowledge, in pro- 
visionally keeping all these families together, as 
probably, in some wdde sense, Pteridosperms. 
On this view’, they formed a distinct, extensivo^^ 
and varied class of plants, already yeiy well 
developed in Lower Carboniferous times^ and no 
doubt going back to the Upper Devonian, though 
here the availabl-q evidence is scanty.^ 

The question may be asked : Did all the Seed- 
plants pass through the Pteridosperm phase, or 
Avere there othei parallel lines of descent ? Some 
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recent work, no doubt, tends to link up the Cor- 
daitales with the Pteridosperms. Mesoxylon^ for 
example, is merely a Cordaites with centripetal 
wood in the stem, a character which strongly sug- 
gests an atfinity with the Lyginofteris or C alamo - 
pitys type* In fact, some members of the 
Calamopkyese (Zalessky’s Eristophytou) show a 
certain approach to Cordaitales. 

A more striking point is that no marked distinc- 
tion has been found between the seeds of Pterido- 
sperms and those of Cordaitales, The general 
community of seed-structure is strong evidence of 
close affinity and of a common stock. 

There seems to be no proof that the family 
Cordaitese existed as such in Devonian times ; we 
do not know much about them even in the Lower 
Carboniferous; the family is typically Upper Car- 
boniferous and Permian, On the other hand, the 
Pttys family, which we include in the wider 
group Cordaitales, is as old as any known Pterido- 
sperm * Zalessky’s genus Callixylon^ an evident 
ally Is of Upper Devonian age. The 

affinities of the still more ancient Falcsopitys 
M Uteri have not yet been determined. ' 1 

The position of the Pityese hangs in the balance, 
at least until Dr, Gordon’s new results are fully 
placed before us. F rom his discovery of the j 
peculiar foliage and leaf-traces as well as from ^ 
the stem-structure it appears that the Pityeae form ; 
a very distinct group, farther from the olfaer j 
Cordaitales than we at once supposed, and not | 
much like any of the Pteridosperms either. At 
, we may suppose that the Pitycae 
lOm from the common stock low dovn 
the Poroxyleae atnd Cordaiteae may have 
been of later origin. For the present, however, one 
may be content to regard the early Spermophytes i 
as constituting a single main phylum. Since 
these words were written, however, Dr. Margaret 
Benson has maintained a contrary view, arguing 
that the Cordaitales, Ginkgoales, and Conifers 
represent a wholly distinct stock, more allied to 
the Sphenopsida than to the Fern-like races (“The 
Grouping of Vascular Plants,” NeTO Pt^yiologisi^ 
June 30, 1921). The independence of this line 
has also been maintained by Prof. Chamberlain 
(‘^The Living Cycads and the Phylogeny of Seed 
FJhitts,” American Journal of Botany^ 1920, vii.) 
and discused by Prof, Sahni (“The Structure and 
Affinities of Acmopyle Pancheri/* Pkil, Trans, R. 
Soc.j Ser. B., 1920, ccx.). 

On our hypothesis, the Upper Palaeozoic phyla, 
witK which we have to reckon, are the Pterido- 
I tte early phase of the Seed- 

^ 'FOrtjS, the Sphenophylls, the Equi- 

setales, and the Lycopods. These five lines were 
probably all well differentiated in the Upper 
Devonian Flora; the only doubt concerns the 
Equisetaies, which seem not to be known with 
Certainty before the Lower Carboniferous, but they 
were so well deveioi>ed then that they must have 
existed earlier. . " 

When we get back to the Middle and tower 
Devonian the case is completely aiter^- Not 
one of the five phyla is here clearls^tieprfSefted, 
unless it be the Spermophyta; for have 

the, i evidence of apparently Gymnosperm-iike 
stems. Thms?thf is left - absolutely open to 
speculation. We may lauaginc, either that the 
vaiious phyla converged in sbme early 
stock (illustrated by the Fsifophytaiy^ifljftdt 


they ran back in parallel lines to independent 
origins among the transmigrant Algae and, per- 
haps further still, to separate races of purely 
marine plants. Both views are represented in the 
publications of recent authors. 

Dr. Arber, m his “Devonian F loras,” main- 
tained the early existence of three distinct lines of 
descent . the Sphenopsida, Pteropsida, and Lycop- 
sida in agreement with the present writer, he 
included the Equisetaies in the Sphenopsida. 
Each of the three lines is described as descended 
from Thallophytic Algm of a distinct type. Thus 
Arber’s view was decidedly polyphyletic. It 
must, however, be borne in mind that the sup- 
posed ancestral “Algae” were plants in which he 
expected to find “some form of iirimitive vascular 
system, at least as far advanced as in Pstlo- 
phyton {Lc. p. 74). 

Arber derived the Spenopsida from Algae- 
bearing whorled branches of limited growth, con- 
verted into leaves, which were originally and 
always microphyllous. The Pteropsida, with 
which he associated his Palaeophyllales (Psygmo- 
phyllumj with foliage like the Maiden-hair tree), 
were descended from Algae in which the branches 
were large, numerous, scattered, and not whorled, 
eventually metamorphosed to megaphylious 
leaves. The Lycopsida, on the other hand, were 
derived from Algae in which the usually dichoto- 
mous axis bore emergences, metamorphosed to 
microphyllous leaves. 

Thus, as regards the origin of the leaf, Arber 
was in general agreement with Lignier, while he 
differed from the French author in the important 
point ttet he did not derive the Sphenopsida from 
the Fem«stcH3k, but kept them as an independent 
line. 

A remarkable feature in Arberis hypothesis is 
his treatment of the Psilotales’ He made this 
problematic family “a quite independent race, 
also of Algal origin, which appeared on the scene 
long after the other races . . . possibly in Mesozoic 
times or even later” Jp. 87). Thus he rejected 
both the connection, with Psilophy tales, suggested 
by Kidston mid Lang, and the affinity with 
Sphenopsida, once maintained by the present 
writer. 

We thus see tfaat^ on Arber’s view, there were 
altogether four distinct lines of descent, running 
back i^Q^dependently to “Thallophytic Algae,”^ 

Dr. Church, from a different point of view, 
arrives at somewhat similar conelusioiis, but he 
goes furthet. He sayS : “Spesdring genemlly, ft 
appears safer to regard a Or ^phylum’ as the 

expression of a group Of organisms which derived 
their special attributes from the equipment of a 
preceding epoch, if not in one still further back. 
Thus all the main Hpes of what is now Land 
Flora must have been differentiated in the 
, Epoch of the sea as Algal 

as all Algal were differentiated in the 
FlankicM - fffiase. The^ possibility is not invali- 
da^ that, easting gfoups of Land Flora may 
trace back line of progression^ io ^he 

flagellated life of the 'sea, wholly 
of One another (Pteridophyta)”. (“Thal^io- 
phyta,” p. 4J)* 

Taking Lyoupod^ and e$&mpic, 

thHr diffeg^- of iagel- 
’^<|lWidh states ; “It 
to- avoid the confelusion that 
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the Lycopod phyla only merge with those of the 
Filicinese in a distant Plankton phase, even be- 
yond an independent origin as benthic sea-weeds” 
[Lc.^ p. 82). Thus the idea of independent 
parallel lines of descent is carried to its extreme 
limit. ‘‘Each phylum goes back the whole way, 
without any connection with anything else.” Of 
course, this thorough-going polyphyletic concep- 
tion is involved in the doctrine already mentioned 
— that morphological differentiation was attained 
in the sea before the transmigration. 

I have cited Dr. Arber and Dr Church as inde- 
pendent representatives, approaching the question 
from quite different sides, of the polyphyletic or 
parallel-phyla hypothesis. The opposite view, of 
convergent monophyletic races, is also well sup- 
ported. Some reference has already been made to 
Prof. Halle’s position. After speaking of the pos- 
sible relation of the Psilofhyton type to Lycopods 
on the one hand, and F erns on the other, he adds 
“From this point of view the whole pteridophytic 
stock would be monophyletic, the Lycopsida and 
the Pteropsida being derived from a common form 
already vascular. It would not thus be necessary 
to assume a parallel evolution of a similar vascu- 
lar system along two different lines.” (Halle, 
P. 30 ). 

He does not refer to the Articulatae, of which, it 
is true, there are only the most doubtful indications 
in the Lower Devonian rocks. Halle, too, accepts 
LigniePs view of the two-fold origin of the leaf, 
from emergences in the Lycopsida, from thallus- 
branches in the Pteropsida. 

Kidston and Lang, in the light of their Rhypie 
discoveries, regard Haile’s survey as “a fair state- 
ment of the present bearing of the imperfectly 
♦ kno^ facts.” They lay great stress on the syn- 
thetic nature of their genus Aster oxylon^ which 
they say “appears to agree with Psilofhyton in 
possessing in a generalised and archaic form 
characters that are definitely specialised in the 
Psilotales, Lycopodiales, and Filicales.” They 
add ; “The Geological age and succession of the 
Early Devonian plants, are, on the whole, consis- 
tent with the origin ot the various groups of 
Vascular Cryptogams from a common source {‘'Old 
Red Sandstone Plants, showing structure, from 
the Rhynie Chert Bed,” Part II L, p. 673. In 
Part ly. this conclusion is further emphasised, 
and it is suggested that the Rhyniaceas are really 
too simple morphologically to suit the views of 
either Lignier or Church). We have already re- 
ferred to the Bryophytic features, which have been 
recognised in the Rhyniaceae. Kidston and Lang 
make use of these to extend their tentative con- 
clusions to the Bryophyta, In concluding their 
third memoir they say ; “In Rkyniu and Hornea 
we have revealed to us a much simpler type of 
Vascular Cryptogam than any with which we were 
previously acquainted. This type suggests the 
convergence of Pteridophyta and Br\’ophyta back- 
wards to an Algal stock. The knowledge of 
Aster oxylon confirms and enriches our conception 
of a more complex but archaic type of the Vascu- 
lar Cryptogams, which supports' the idea of the 
divergence of the great classes of Pteridophyta 
from a common t^^e, and links this on to the 
Ehyniaceae” 675). The mono- 

phyletic view, though stated with appropriate 
caution, could not be more clearly expressed. It 
IS fully maintained in these authors’ latter state- 
ments. 
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It is evidently impossible to decide between the 
two theories in the present state of our know- 
ledge 5 we are now only beginning to acquire some 
conception of the vegetation of Early Devonian 
times. The discovery, however, of the existence 
at that period of an unexpectedly simple race of 
vascular plants to some extent favours a mono- 
phyletic interpretation, even though we accept 
with some reserve the wonderful synthesis of 
chaiacters which Asteroxylon appeals to exhibit. 
To some minds, too, the important points in which 
all existing Pteridophyta, however diverse, agree 
will still suggest a common origin not too remote. 
Among such common characters may be men- 
tioned the alternation of generations with the 
sporophyte predominant ; the development both 
of the spores and the sesual orgs^a^ 
tology, esi^cially of the yascuiar y 

stomata^ The community df pheh- ' ' 

omena is explained by Dr. Church on the prin- 
ciple that reproductive phases are inevitable, and 
are therefore the same in all phyla. A like ex- 
planation may to a certain extent be applicable to 
somatic features, some of which may be the neces- 
sary consequences of the sub-aerial transmigration. 
Thus a polyphyletic hypothesis may no doubt be 
justified, but it urgently needs to be supported 
by further evidence of the actual existence of 
separate stocks among the earliest available re- 
cords of a Land Flora. 

The study of Fossil Botany has led to results 
of the utmost importance, in widening our view 
of the Vegetable Kingdom and helping to com- 
plete the natural system, to use Solms-Laubach’s 
old phrase once more. One need only mention the 
Mesozoic Cycadophytes, the Cordaitales, the 
Pteridosperms, the Palaeozoic Lycopods and Equi- 
setales. the Sphenophylls, and now, most striking 
of all, the Psilophytales, to recall how much has 
been gained. We have indeed a wealth of 
accumulated facts, but from the point of viev’ of 
the Theory of Descent they raise more questions 
than they solve. In this address I have briefiy 
touched on some of the most general and specu- 
lative problems in the hope of giving an opening 
for discussion. It might have been more profit- 
able to deal in detail with definite facts of obser- 
vation, but recent discoveries have brought us 
face to face with the great questions of descent 
among plants. Howevei imperfect our data may 
be, both as regards the method and the course of 
evolution, the problems suggested, nevertheless, 
make urgent claims on our attention. 


HELIUM-BEARING NATURAL GAS. 

By G SHERBURNE ROGERS. 

Scofe of the Investigation. 

The gas helium, which was discovered on the 
earth by Sir William Ramsay in 1895 and which 
was at first regarded as one of the rare elements, 
was found m IQ05 by H. P. Cady and D. F, 
McFarland to occur in small proportion in natural 
gas from many., localities in Kansas. The 
announcement of this discovery excited interest 
in scientific circl,^, but as no practical use for 
helium was known it had no industrial value, 
and efforts were not made to extract it except in 
ver^" small quantities for experimental use. 
During the year of the World War, how- 
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ever, a British scientist conceived the idea ^ of 
using helium instead of hydrogen for inflating 
balloons, and in igi5 a vigorous but unsuccessful 
search for the gas in England was begun under 
the direction Sir William Ramsay. This search 
was later extended to Canada, but without attain- 
ing satisfactory results On the entrance of the 
United States into the war the project was re- 
vived, and this Government undertook an ener- 
getic campaign for • the production of helium in 
large quantities. 

The value of helium for inflating balloons was 
brought to the attention of the Army and Navy by 
the Bureau of Mines, and that Bureau was com- 
missioned to investigate the practicability of ex- 
tracting the gas in large quantities and at a 
reasonable cost. When the technologic feasibility 
of the project was assured, the Geological Sur- 
vey was called upon to investigate the helium 
resources of the country, in order to locate the 
richest supplies of the gas and to form estimates 
of the quantity available. This paper is based 
op, the results of that investigation and describes 
the distribution and geologic relations of helium- 
bearing natural gas, making only brief mention 
of the technologic problems involved in the ex- 
traction and purification of the helium. 

As the Survey’s investigation was made strictly 
for military purposes it was necessarily directed 
toward locating an adequate supply of helium- 
bearing gas as speedily as possible, and practi- 
cally no attention was given to the broader 
scientific problems involved in the origin or ulti- 
^ of the helium. Considerable research 

1 be necessary before this problem 

can be successfully attacked, and in view of the 
probable development of commercial aircraft 
during the coming decade, and the probability 
that the cost of extracting helium from natural 
^as will be reduced sufficiently to permit its use 
in commercial balloons, it has been deemed de- 
sirable to present immediately a brief description 
of the chief sources of helium in the United 
States. At the same time the writer has en- 
deavoured to describe the broader geologic re- 
lations of the helium-bearing gas, to discuss 
various theories of its origin, and to review the 
reported occurrences of helium in minerals and 
in other gases, in the hope that such a presenta- 
tion of the problem will be of value to others who 
may later attempt to solve it. 

Value of Helium for Inflating Balloons^ 

The value of helium for inflating balloons, 
abrships of the Zeppelin type, lies in 
" I .ahd te incombustibility. Hydrogen, 

theri^s do^tedhly used for inflating balloons, is 
the lightest substance known, but mixed with air 
it is explosively combustible. For this reason a 
balloon filled with hydrogen is very liable to be 
set afire, either by atmospheric electricity, hy 
sparks from its power plant, or by any one of 
numerous accidents which may occur it 

is in its hangar. The fire hhiard is, of 
greatly increased in balloons used for military 
purposes, a single incendiary bullet being usually 
suflicient to destroy a great airsbipif t|iis 
weakness, inherent in ail hydrogen-filled balloons, 
was pot only a potent factor in the practical fail- 
ure of the Germ^ Zeppelin programme, but has 
always been* a serious drawback to the deveio|)- 
meht* of lighter-than-air craft, , pn the 


Assistant 'Secretary of the Navy Roosevelt 
is authority for the statement : “With the fire 
risk eliminated the rigid airship or Zeppelin will 
hence be one of he most powerful weapons known 
(Official Bulletin L\S.j March i$, 191Q, p. 9)* 

Helium weighs 0*01 isib. per cubic foot, and is 
thus twice as heavy as h^'drogen, which weighs 
only o-oosblb. per cubic foot. In comparison with 
air. however, both gases are so light that this 
difference is of small practical importance, and 
the lifting power or buoyancy- of helium is 93 per 
cent of that of hydrogen. The slightly greater 
weight of the helium is, moreover, far more than 
offset by its chemical inertness, for as helium 
does not combine with oxygen it cannot explode 
or burn. Furthermore, its rate of diffusion is 
only about half that of hydrogen, and conse- 
quently it passes through the balloon fabric and 
wastes much more slowly. The chief advantage 
of helium, however, is obviously its incombusti- 
bility, for fire is one of the greatest of the hazards 
to which ordinary balloons are subject. More- 
over, the use^ of a non-infiammable gas permits 
modifications in the design of airships which make 
for greater speed and cruising radius, as well as 
for greater military efficiency. In view of these 
advantages, it is apparent that the use of helium 
for inflating airships, both militar>’ and com- 
mercial, will be limited solely by the supply of 
helium available and the expense at which it can 
be produced. 

The painstaking and little-noticed research 
which led to Prof. Cady^s discovery of helium in 
natural gas, and the conception of another 
scientist ten years latear that balloons might be 
made far safe and more efficient if inflated with 
helium, furnish an inspiring example of the prac- 
tical value which purely scientific achievements 
may assume in course of time . — Professional 
Paper 121, U.S. Geological Survev, Department 
of the Interior. 


VENTILATION 

AND, HUMAN EFFICIENCY.-*^ 

The Author (Dr. Leonard Hill), in introducing 
his paper, said that Capt. S. R. Douglas and he- 
had recently carried^ out some researches by 
making a spray of microbes into a room, where 
the windows were closed or opened; they had ex- 
posed culture plates after spraying a measured 
quanti^ of a dilute culture of an easily identi- 
fied microbe which was carried up to the ceiling 
by means of a fan. Culture plates were exposed 
for two minutes in the different parts of the room 
after two minutes, and then after five minutes, 
and ten minutes, and so on, up to twenty minutes. 
The spray of micrdbes settled down by gravity, 
some of them on the plates. Then the plates 
w^re put into a warm dhamber, and any microbe 
which had settled on the plate grew and mufti- 
pEed into a colony. They had been able to dis- 
tinguish the right micrtffje by the character of 
colony. All those crowds of colonies were pro- 
duced two minutes after making the spray in the 
room with windows open or closed. 

A slide projected *00" the #owed the 
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fallen on the plate with the window open, and the 
number that fell with the window shut could be 
seen* It \vas necessary’ to remember that all the 
people m a crowd who were speaking and sneez- 
ing and coughing were spraying out microbes 
fiom their throats and noses in a fine spray, just 
like the spray which had been used in the experi- 
ment. People who were carrying influenza and 
consumption and common colds» and so on, were 
throwing out those microbes and infecting other 
people in the room. If it were possible to get rid 
of those microbes a great deal would have been 
done towards improving bealtlj. They could not 
be got nd of altogether, but it was possible to 
lessen the massiveness of infection. 

Mr. Greenwood gave him the clergy as the stan- 
dard of health. The figures had been taken from 
the Registrar-GeneraFs reports A clerg>*man 
lived a regular life and did not indulge to excess 
like some weaker brethren might, but lived a life 
w’hich was fairly easy and not ver\" anxious. In 
some cases clergymen worked very hard, but on 
the w'hole they lived an easy life. They walked 
about and played games, and so on, and w’ere a 
good deal in the open air. It would be seen that 
their death-rate at all ages was very low. It w’as 
a very good standard to take. The death rate of 
agricultural labourers with a low wage ivas a little 
higher. In spite of their low w’age, by living an 
outdoor life and getting the garden produce, the 
green vegetables, and so on, which were very 
valuable to their health, they had the death-rate 
shown OB the screen. Then they came to the 
cotton manufacturers who were higher, and shoe 
makers who were still higher, and the printers. 
Both from phthisis and from all causes the death- 
rate went up considerably with regard to the in- 
door factory occupations. 

He had gone into the figures of the expectation 
of life of females with Mr. Greenwood. He had 
taken females because thej' were not so much 
damaged by other causes such as their occupation 
or trade. Females in Westmorland had at birth 
an expectation of life of 61 years, while in 
Middlesbrough at birth their e.xpectation of life 
was only only 46 years. Such differences existed, 
if not quite so marked, on comparing all agricul- 
tural with city populations in England. The con- 
fined life^ of cities, whereby the population was 
crowded in tenements with warm moist stagnant 
air, compared to the open life on the hills, fields, 
and sea, was a great cause of sickness, loss of 
vigour, and enjovment of life. 

In proof of that they all knew that exposure 
naked to the sun and open air had a marvellous 
curative effect on slum children afflicted with 
tuberculosis and disease of the spine, and so on, 
as might be seen at Lord Mayor Treloar’s 
Cripples’ Hospital at Alton, under the care of Sir 
Henry Gauvain, or at Leysin in the Alps, under 
Dr. Rollier. He would like to show a few photo- 
graphs just to illustrate hoiv the children lived. 

One slide shown on the screen showed the tube- 
cular children naked, exposed to the open air and 
sun in the galleries. Their heads were carefully 
shaded, and the exposure of the body was gradual, 
otherwise the skin would blister. They got as 
browm as niggers, and their muscles got firm and 
hard, and their health improved, and their appetite 
went up. As had been proved lately at Treloar’s 
Hospital by him and his colleagues, the heat pro- 


duction of the body was largely increased by that 
life m the open air, and that improved the appe- 
tite and all the other things, and effected the Cure. 
Nothing was done except putting the limbs or 
back in splints and exposure to the open air and 
sun. 

Another slide showed the children when they 
were better, when they could put off their splints, 
and do haymaking in the summer with nothing on 
but a loin cloth, and yet another showed the 
children skating in the Alpine winter with nothing 
on but a loin cloth. They lived that life, exposed 
to the sun and the cold air. There was a splendid 
cold air there which invigorated the muscles, and 
sent up the bodily heat production, and kept them 
vigorous, and the sun was keeping them warhi and 
happy all the time by shining on their 

Children at Hayling Island 
pital ivent down to the sea and" '^addled afid' 
bathed every day whenever possible, and that in- 
creased the rapidity of cure very^ greatly indeed 

He would come to the question of measuring 
the cooling and evaporative power of the air. Dr. 
Haldane had taken the wet-bulb as the measure, 
and pointed out that such-and-such a wet-bulb 
degree must be kept up. That was an exceedingly 
valuable criterion in confined places. J. L. Bruce 
in Australia preferred the dew’-point rather than 
the wet-bulb. He (the author) had introduced an 
instrument called the katathermometer which took 
into account, not only the temperature, but the 
wind. The wind was the great thing which was 
cooling to the body. Too much wind was uncom- 
fortable, but sufficient wind brought comfort. 

The rate of cooling was measured between 100’ 
and 95® F., and one took the mean for one’s calcu- 
lations as 36*5® C. (97*7® F.), and that was 
roughly skin temperature. The cooling power of 
the air per second was measured at skin tempera- 
ture per sq. cm. of surface. The cooling power 
should not be translated straight away to the 
human body because the kata bulb was a vtvy 
small thing, half the size of one’s thumb, and in 
the large masses of the body, the limbs and the 
head and the trunk, the surface exposure cotn- 
pared to the mass was much smaller. The kata 
gave the cooling of a mouse rather than the cool- 
ing of the human body. One could empirically 
find out what were suitable cooling powers by 
taking measurements under all kinds of conditions 
where people were happy and comfortable, and 
those standards ought to be kept up in all mines, 
factories, and so on. By putting a muslin glove 
on to a katathermometer it was converted into a 
wet instrument and the cooling power by the wet 
katathermometer was then obtained. The dry one 
cooled by radiation and convection; the wet one 
cooled by radiation, convection, and evaporation ; 
and the difference in the reading of the two gave 
the cooling by evaporation. The dry one repre- 
sented the skin cool and dry, and the other one re- 
presented the skin sweating. The dry one was the 
more valuable in our factories and workshops, and 
the wet one was useful in climates, mines, &c., 
where there was a moist, hot atmosphere. 

The cooling power had been studied in winds 
of different velocity in large wind tunnels at the 
National Physical Laboratory and at the East 
London College, and also by rotating the kata on a 
rotating arm. A ^diagram in the paper showed 
what cooling powers were obtained at different 
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temperatures with different winds. It would be 
seen that taking 20° C., to get a decent coolmg 
power it would be necessary to have a wind 
getting on for one mile per hour. In order to 
get a cooling power of something like which 
he considered a standard cooling power suitable 
for sedentary work, it would be necessar>' to have 
a wind of one mile per hour. Taking a tempera- 
ture of 30® C., to get that cooling power it Avould 
be necessar>" to have a higher wind, and so on. 

It would be seen what an enormous effect the 
wand had upon cooling power. That could be 
seen at once by taking some dr\’ kata observa- 
tions on different days. There were some given 
in his paper when the dry-bulb temperature was 
practically the same on different days, but the 
wind was ver\' different. In one case it -was a 
strong north wind; m another case it was a 
south-east wind of a moderate kind, and in 
another case it was almost calm. The dr\' kata 
reading was 36 in the first case, 37 in the second, 
and 13 in the third case. Clothing, of course, 
had a big effect upon the cooling powers. The 
details of the influence of clothing could be 
found in the second volume of his report on the 
Science of Ventilation and Open-Air Treatment, 
which was a special report to the Medical Re- 
search Council and could be obtained from His 
Majesty’s Stationery- Office 

He had set up a standard of cooling poiver. 
The dry- kata cooling power ought to be 6, and 
the wet kata cooling power ought to be 16 or 
18— not less than that. He had found that those 
staildafds held good in rooms which appeared 
comfortable and fresh, where people were work- 
ing quite happily and comfortably. Very often 
the figures which were obtained in factories were 
under those standards. A great number of obser- 
vations had been taken by- the Industrial Fatigue 
Research Board in different factories, and he 
had' given some of those in the paper. For 
example, in potters’ shops generally the dry- kata 
readings were under the standard which he had 
given on cold days. With regard to warm days 
the readings were far under the standard which 
he had given. 

A series of diagrams projected on the screen 
showed the same point. Those observations had 
been taken in printing shops in London during 
the previous winter and during the summer. 
The percentage of observations in different 
prmting shops was given and the degrees Fahren- 
heit with the dry-bulb temperature, 
i , Ope pt the diagrams showed the wet-bulb tem- 
^pei^lur'e ip ' dM “ printing shops winter and 
summer. It would be seen that the wet-bulb 
temperature was beating up in the summer, but 
it was not very- high, according to Dr, Haldane’s 
standard. Occasionally it reached 72, 

Another slide projected on the screen showed 
the dry kata and the wet kata. In the winter 
in printing shops a good many cases i occurred 
where it was below his standard aitd some w^re 
above. He did not think that it mattered up to 
8 because the men could work comfortably, but 
it was getting rather cold when it i^ydbed q. 
In the summer it w-as found that readings were 
as low as i in some of the printing shops. 
Those were very bad conditions,! ^ With the wet 
kata his standard was 18, and ip winter many 
readings were below diat, and vmany Ifi 

summer, , f I r ^ 
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The dry katathermometer could be used as an 
anemometer. They had worked out formulae, and 
lately they had been able to thoroughly revise 
them; they had been able to work m the big 
wind tunnels, which they could not do during the 
war owing to the use of them for aeroplane work. 
They had had to modify their formulae to some 
extent. They had never worked out the low 
velocities previously. It was hard to do that in 
wind tunnels, but they had done it on the 
rotating arm. In* all that work he was very^ 
grateful to Miss Hargood-Ash, who w^as present 
that night shoiving the instruments. She had 
helped most patiently and excellently in all that 
work, and they had worked out the formulae 
uhich they- had given at the end of the paper. 
Air velocities could now be calculated quite 
accurately’, he thought, with the katathermo- 
meter. In many factories they obtained air velo- 
cities which were very- poor, even in winter, and 
poorer still in the summer. 

Another slide projected on the screen gave 
frequency curves, worked out by the Industrial 
Fatigue Research Board in boot and shoe fac- 
tories, of velocity^ as determined by the dry-bulb 
katathermometer in various methods of ventila- 
tion. It showed ventilation by open windows, 
and ventilation by roof cowls, and skylight win- 
dows in the winter and the summer. Then there 
was ventilation by various artificial methods. 
The extraction by fan came out the best, giving 
the highest velocities, and the plenum came out 
the worst. 

Another slide showed the combined plenum and 
extraction system, such as one might introduce 
with a fine current sweeping through the mine 
or factory, so as to keep the evaporative power 
sufficient to sweep away the dust and sweep away 
the microbes exhaled by the people. That 
seemed to be the most ideal artificial form of 
ventilation. 

In South African mines Dr. Orenstein and Mr. 
Ireland had been using the katathermometer for 
estimating the effect of atmospheric conditions on 
output and fatigue, and the diagram showed that 
output was lowest when the dry kata cooling 
power was lowest. 

Further evidence concerning efficiency was 
given in his paper. 

fSlides were then shown illustrating the elec- 
trical katathermometer and the recording electri- 
cal katathermometer. These instruments were 
I demonstrated by Miss Hargood-Ash after the 
meeting. ] 

Dr. J, S. Haldake said that Dr. Hill had 
brought forward the subject of ventilation in 
such a clear and full manner that at first sight 
it might seem that there w’-as nothing left for 
him to add. There were a few points, however, 
on w-hich they did not altogether agree, or on 
which, at any rate, he thought there was room 
for discission. On the whole, however, he was 
'in cofdial agreement with a great part of what 
Dr. Hill had so adm^ably said. 

Dr. Hill had referred an old report of ’a 
Departmental Committee of whi<^ he^ |Dr. 
Haldane) had been Chairman, on the subject of 
the standard of carbgpic acid m «eud 

he had that : the comfort of a room 

did "#M^^]^end on t|ie That was 

a fact with which ihe* cordially agreed. In fact, 
%e CDuhi add '^oidines to the evidence which Dr. 
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Hill had given on that subject. Perhaps the evi- 
dence from submarines was the most clear. 
During the war a submarine was often sub- 

merged for 20 hours at a time, and for various 
reasons could not show its nose above water. 

The air under those conditions got pretty bad 
chemically; in fact, after a few hours no light 
would burn in the air, but it was quite comfort- 
able so long as the carbonic acid did not go 
higher than about 3 per cent. If the carbonic 
acid went higher, people at’ rest in the sub- 
marine were still quite comfortable, though 

breathing a good deal deeper than usual ; but 
men working the planes could not do so j^roperly 
because they were panting. Therefore, it was - 

necessary to keep down the percentage of car- 
borne acid in the air. 

But the air from a chemical point of view 
was atrocious. If a match was struck it just 
fizzled and that was all, and a light went out 
as if you were putting it into water. No one 
was aware of anything unusual in the air until 
they saw the effect on a light. An of&cer enter- 
ing the submarine as she was opened up told 
him that the air was like that of a high moun- 
tain; he noticed the increase in breathing, but 
smelt no bad smell and felt nothing unpleasant, 
and he thought the air was quite good — and so 
it was with a clean and healthy crew on board. 
The whole secret was, as Dr. Hill had pointed 
out, that the place was cool. The sea water 
the submarine perfectly cool, and condensed 
any excess of moisture there might be on the 
wails- One could sleep there quite soundly. 
He had slept there as soundly as he bad slept 
at home. 

That was only one more example pointing the 
moral of what Dr. Hill had said. But coming 
back to that standard of ventilation, he ^vas not 
going to agree that that standard, taken in con- 
junction with the recommendations as to tem- 
perature, was not a useful one. A standard of 
12 parts per 10,000 of carbonic acid in the air 
represented a certain moderate degree of free- 
dom from the germs which Dr. Hill laid such 
stress on in a further paragraph. That standard 
only represented what was practicable at the 
time. It was tlte resrdt of a great many obser- 
vations in factories in different parts of the 
country. They were not thinking of whether the 
air was warm or cool, but of the exchange of 
air necessary for the purpose of keeping down in- 
fection as far as possible. They would have 
liked to have said that the standard should be 
a much higher one, but that did not seem attain- 
able. He had served on a committee in the 
Navy just before the war where they had gone 
in for a far higher standard because there was 
no end of power available for ventilation pur- 
poses on battleships. 

He agreed with nearly all that Dr. Hill had 
said on the subject of dust, but he thought that 
there was one point on which perhaps they did 
not quite agree, and t^t was as regards the* final 
effect of what Dr. Hill called a harmless dust. 
He (Dr. Haldane) would call a harmless kind of 
dust the sort of dust which was present in smoke 
particles or coal dust, or the shale dust which 
was inhaled by coalminers to such a large extent. 
He did not think that habitual inhalation of a 
moderate amount of that dust did any harm in 


the long run. At any rate, it appeared to him 
that the evidence that it did harm and produced 
a state of chronic asthma or bronchitis was not 
reliable. He had discussed that matter in a 
paper several years previously before the Institu- 
tion of Mining Engineers, and he had analysed 
the records of the death-rates for different occu- 
pations and come to the conclusion that there was 
no evidence that the dust ordinarily breathed in 
a coal mine did any harm in the end to the coal 
miners. He would say the same for the smoke 
in towns. He did not believe that the smoke 
in tovims injured people’s lungs, or at any rate, 
he did not believe it accumulated in them. 
People had in their lungs an astoundingly effi- 
cient service of phago^tes business was 

to remove ^ solid 

If that service was giveh' . 

became more efficient, 

of the reasons why poalminers, though they were 
exposed io much dust, had extraordinarily little 
phthisis Moreover, they breated not only coal 
dust, but a large quantit>^ of shale dust contain- 
ing a third or more of quartz. Probably a coal- 
miner breathed much more quartz than a gold- 
miner. The harmlessness of _ quartz ^ in a coal 
mine seemed to depend on its admixture with 
coal dust, &c., which stimulated the phagocytes 
to do their work, whereas a perfectly inert dust 
like quartz unmixed with substances like coal- 
dust did not. 

At some places they found miners breathing 
enormous quantities of silica and quartz with no 
harm at all. It was mixed with something else 
which somehow or other led to its being excreted 
by the lungs so that they did not suffer. It 
would be seen from that why he did not take 
much interest in general standards of how many 
particles of dust should be in the air. It all 
depended on the kind of dust and the size of the 
particles. Some kinds of dust were so deadly if 
they were breathed for long periods, that it was 
extraordinarily important to keep the air as free 
from the dust as possible, or else to nux the 
dust with something which would ; U \ 

harmless. 1 * 

Dr. Hill had laid great stress on bad effects 
from a low cooling power in air. He (Dr. 
Haldane) frankly said that he did not, provided 
that men could still regulate their body-tempera- 
tures. He believed that a mine, however warm 
it was up to a certain point, and however moist 
ii was up to a certain point, ought to be a per- 
fectly healthy place, and was so, except where 
there were other causes of unhealthiness. Dr. 
Hill had referred to the Cornish miners who 
suffered very much from miners’ phthisis. This 
was certainly due to the dust, but as to any bad 
effects of the heat, he really did not think there 
were any. In the first place, the great majority of 
them worked in fairly cool places and they 
suffered from phthisis just the same, and had the 
same death-rate. In the second place, they found 
men working coal mines all over the country, 
under in many cases, even more trying average 
conditions of heat than in Cornish mines. There 
were some fearfully hot places in the Cornish 
mines certainly, but they were very exceptional. 

He did not think it mattered at all as regards 
heat, whether the men went to cinema show's 
afterW'ards. What mattered wras ivhat infection 
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they got there. He thought that a man who was 
accustomed to heat, and was accustomed to regu- 
lating his temperature during hard work, would 
stand an atmosphere a good deal more warm than 
a person who was not. If a i>erson were engaged 
in literary work or something that did not make 
him sweat, and he was put down into a mine or 
a fairly w^arm place, he would get faint or get a 
bad headache, or even a violent attack of diarr- 
hoea ; but if he got accustomed to the warm air he 
was all right. The same thing applied to miners. 

If they put a man who was not accustomed to heat 
into a hot mine it would bowl him over, and he 
would have to come out. He had to get acclima- 
tised. So far as his observations had gone he did 
not think it mattered to a man’s health whether 
the air had less cooling power relatively to other 
places, so long ^ he could keep his body tem- 
perature from going up. 

If it were not so, where would they all be if they 
went to a tropical country, or went to Australia 
even. With regard to the conditions there during 
a great deal of the year as measured by the kata- 
thermometer, there would be much less cooling 
power than there was m England, but the people 
in Australia were very well and vigorous, and 
they were very well in most tropical countries if 
they could avoid infection and tropical diseases, 
and they could work vigorously provided the cool- 
ing power of the air was sufl&cient to enable the 
bc^y to regulate its temperature during work. ^ 

He did not think that the high expectation 
life in Westmorland had anything to do with 
power. He did not see any evidence of 
were other causes at work. Babies, 
for instance, in Westmorland, were properly 
looked after by their mothers in Nature’s way. 
In Middlesbrough they found a very different 
state, and there was a tremendous death-rate 
amongst infants, which was now fortunately being 
tackled all round. A sweeping reduction had 
been brought about in the last few years in the 
infantile death-rate. That, at once, put up the 
expectation of life in a place like Middlesbrough ; 
and all the other conditions oould be taken one by 
one, he thought ^ He could not believe that it 
had much to do with the cooling power of the air. 
He also thought that the existing evidence showed 
clearly that tne pneumonia among natives brought 
to the Johannesburg mines was not due to under- 
ground conditions. It had been dealt with suc- 
cessfully on a quite different theory. 

He would like to say something about the sig- 
nific^ce of the wet-jbtiih temperature. First of 
' tall I taacing the dew-p>oint as a guide. 

Dr." Hiii had mentioned that an Australian investi- 
gator regarded the dew-point as a better guide 
than the wet-bulb, and had fixed 62 as the per- 
missible maximum dew-point, ^ If that was the 
permissible maximum all he could say was that 
that permissible maximum was very constantly 
being exceeded, and they could not help it^ 
exceeded. But if anyone said that 'the dew-phffi 
could be taken as a guide he would be inclined 
to pay as much attention to him as if argupd 
that the earth was fiat. This was such 

an idea was entirely contrary to evidence df the • 
most definite kind and ^0 the whole physics of the ■ 
subject. Jle- did^ not want anyone to go away i 
thinking there was any doubt this subject;; 
there was none. 


Then with regard to the katathermometer. That 
was an instrument which, as Dr. Hill had so 
clearly explained, told one the cooling power of 
the air ; and he thought it was an admirable 
scientific instrument for that purpo^. It took 
into account the movement of the air, the wet- 
bulb temperature, the dr>'-bulb temperature, and 
everything else all in one sweep. Dr, Hhl had 
said that he (Dr. Haldane) was rather inclined to 
take the wet-bulb as a more useful guide. So he 
was, on the whole He thought the reason would 
be evident to anyone who had to do practically 
with looking after the temperature and the work- 
ing conditions in mines. The reason was that 
taking, for instance, a wwking face in a coal 
mine, some of the men were in a good air current, 
some were holing the coal under the seam and 
were out of the air current, and the air current 
varied very much in different parts. If the read- 
ing of the katathermometer were taken in the air 
current they would get one reading, and if it 
were taken underneath the coal where the men 
were holing, they would get another reading. 

He thought that the wet-bulb temperature gave 
them on the whole a more useful indication of 
the conditions. In any case it was necessary in 
order to be able to control the conditions to find 
out what was wrong when the katathermometer 
indicated that something was wrong. It was 
necessari^ to know what the dry-bulb temperature 
was and particularly what the wet-bulb tempera- 
ture^ w’-as. That was the only reason why he was 
inclined to lay very great stress on wet-bulb read- 
ings, although the katathermometer gave every- 
thing together and gave the whole effect There 
was one thing he desired to say with regard to 
both wet-bulb temperature and katathermometer 
readings. They seemed to him to be of little 
direct significance in mines until they were getting 
near the point at which the body was unable to 
regulate temperature any further. 

If men were put to work where the wet-bulb was 
loo high or the wet-bulb the air current were 
not satisfactory, the only thing that happened was 
’that they would not work Miners knew quite well 
Jjwhat they we|-e doing. The only instances in 
which he knew of direct harm to them through 
iheat w’ere cases where men had gone on working 
I through some urgent necessity in temperatures 
Jin which they would not vrork ordinarily; for in- 
stance, iri rescue work. In the case of saving 
Jlife thev would risk their lives, but they would 
not risk their lives for the purpose of getting 
mineral. It was necessary to see that the conditions 
were such that the men could do full and efficient 
work, and unless they were pushing physiological 
means of regulation too hard there was not much 
difficulty. 

The Committee of the Institution of Mining 
Engineers had come to that conclusion as regards 
mines in England 1 that there was no difficulty^ 
^mper ventilation in keeping the conditions 
as would enable tbepi with proper ventilation 
to go far deeper in coal mines than at 
In the Transvaal it was very much easier bedause 
of the very much lower geothermic gradient than 
in this country. The ventilation coui<J be r«grt- 
lated so that a did; not 

go asJong as that was 

Sd ^ Wan’s life 'l^fieotly healthy — 

was. At any rate he would 
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like to have more evidence than had been brought 
before them to show the contrary. 

Mr. Robert McLaren, M P., said that as a 
vibilor he would like to say that it had given 
him very great pleasure indeed to listen to Dr. 
H ill's paper. With a gieat deal that had been 
said he was in entire agreement, but what he 
noticed m connection with all scientific societies 
was that sometimes thev forgot the practical side. 
The instrument on the table which had been 
shown upon the screen was an excellent iiistni- 
ment, but the difficulty that he had was that 
hundreds of them would be required in some of 
the large mines to indicate exactly the conditions 
of the mines as far as ventilation was concerned. 
He was also reminded when he saw that instru- 
ment of one which he had invented himself \vhich 
was going to do great things, but when they took 
it down the mine they found that it was not only 
costly, but that it did not come up to what they 
had expected. For that reason he had very little 
faith in instruments used underground ever since. 

Dr. Haldane had spoken very clearly on the 
question of the ventilation of those mines which 
concerned him (Mr. McLaren) most of all. He 
could, from the practical side, corroborate what 
Dr. Haldane had said with regard to the miners 
who swallowed a good deal of coal dust. Many 
years previously when he was a younger man it 
used to be said about men living in his district, 
which was a mining district entirely, that they 
died very soon through asthma of phthisis because 
of the swallowing of coal dust. When Dr. Hal- 
dane gave it forth to the world that coal dust after 
all did not affect the miners’ lungs, but was some- 
times a help to the miners, it was no surprise to 
him to learn it, because in those days the reason 
why the miners suffered from phthisis was because 
of the carbonic acid gas given off in the mines 
and the want of ventilation In the same district 
under existing conditions they found men working 
in the mines who were over 60 years of age, strong 
and healthy, and evidently the mines agreed with 
them. Those men, he knew for a fact, swallowed 
a good deal of coal dust. It was perfectly evident 
then that the question of ventilation was the first 
thing that ought to concern he mining manage- 
men of any colHer\’, Personally, when he used 
to be a Government Inspector of Mines, he forgave 
a coUier>* manager a great deal, if he found he 
provided a good ventilation. 

It was perfectly evident to anybody who knew 
anything about the management of mines that 
there must be different temperatures throughout 
the mine. If one took the case of a large mine 
which extended perhaps for miles, it was apparent 
that that part of the mine which got fresh air to 
begin with was relatively fresh and pure and cool, 
but when one went further in the air became con- 
taminated for various reasons over which no one 
had any control. There were the gases given off 
by the coal, and the gases generated by the 
breathing of the men themselves, and from their 
lamps. 

{To be contianed.) 


CORRESPONDENCE. 

PHARMACY ACTS AMENDMENT BILL, 


To the Editor of the Chemical News, 

Sir, — I am instructed by the Council of the Insti- 
tute of Chemistry of Great Britain and L eland to 
direct your attention to the following letter which 
has been addressed to Capt. James ( 5 ’Grady, J.P., 
M.P., Col. D. Watts Morgan, D.S.O , M P., and 
Mr. Thomas W. Casey, M.P, — I am, &c 

Richard B. Pilcher, 


Pharmacy Acts 

Sir, — The attention of the Council of the Institute 
of Chemistry of Great Britain and Ireland has 
been directed to “a Bill to regularise the position 
of all persons trading as chemists and druggists 
or pharmacy store proprietors in the sale of 
drugs, the dispensing of doctors’ prescriptions, 
and the sale of medicine.” 

The ofiicial print states that the Bill was pre- 
sented by Captain O’Grady, and supported by Col. 
Watts Morgan and Mr. Casey. 

In this Bill reference is made to ‘‘the Incorpor- 
lated Society of the Institute of Chemistry” and to 
“the Institute of Chemistry.” 

The Institute of Chemisry of Great Britain and 
Ireland is the only body in this country’ incorpor- 
ated by Royal Charter whose title contains the 
words “Institute of Chemistry,” and the Council 
of the Institute desire me to inform you that they 
have not been consulted with regard to the pro- 
visions of this Bill and have not had any informa- 
tion regarding its promotion. 

The Institute of Chemistry is established to 
examine and register persons found competent 
to practise chemistry in its applications to the arts 
and manufactures, as distinct from 
practise pharmacy and are engaged in 'tife 
drugs and medicines, and in the dispensing of 
pre&criptions. 

The Council of the Institute deplore the con- 
fusion wdiich arises through the application of the 
term “chemist” to two distinct callings, and they 
would welcome any legislation which would tend 
to remove this confusion. 

They hold that the use of the distinctive titles 
“chemist” and “pharmacist” to denote these call- 
ings would tend to the general recognition of the 
difference between them and to the removal of a 
confusion which exists in no other country. 

The Council wish to dissociate themselves from 
the suggestion that_ they should be represented on 
the Central Council, which it is proposed in the 
Bill shall be concerned with the Phaimaceutical 
Register, and from taking any part in the ex- 
amination and registration functions vested by 
Royal Charter and the Pharmacy Acts m , |te 
Pharmaceutical Society of Great Britaam- |! Tne 
Council do not feel called upon at present £0 com- 
ment upon the other provisions of the Bill. — I 
am, &c., 

{Signed) Richard B. Pilcher, 

I Registrar and Secretary. 


Regu^cer. and ^^J^eiary, 
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NOTES. 

Royal Institution — k. General Meeting of the 
Members of the Royal Institution was held on the 
Sth inst., Sir James Crichton Browne, Treasurer 
and Vice-President in the Chair. Mr. A. K. 
Loyd was elected a Manager to fill the vacancy 
caused by the death of Mr. J. H. Balfour Browne; 
Dr. Niels Bohr (Copenhagen), Dr. Johan Hjort 
(Copenhagen), and Prof, Paul Lange vin (Paris) 
were elected Honorary Members; and Mr. W. A. 
F, Balfour Browne, the Dowager Countess of 
Carnarvon, Mr. P, C. Clifford, Mr. and Mrs. 
C. L. Dalziel, Major F. R. de Bertodano, Lieut.- 
Col, F. J. Dewes, Mr. H. J. Eck, Mr. K. Light- 
foot, Mr. W. M. Ogilvie, Mr. R B. Ransford, 
and Mr. F. I. Rawlins were elected Members. 

We understand that the State Electricity Com- 
mission of Australia has given to a Wolver- 
hampton firm what is possibly the largest order 
undertaken in this countr\". The summar>^ of the 
coiJtract is as below, and it has been secured in 
spite of severe American competition, and cer- 
tainly indicates a revival of trade. “Twelve 

‘Thompson’ Patent Straight Vertical Water-Tube 
Boilers, working pressure 26olb. per sq. inch each 
to evaporate 7o,ooolb of steam per hour, fitted 
with superheaters to superheat the steam to a 
final temperature of 650° F. Each boiler will be 
fitted with three Underfeed Forced Draught 
Travelling Crate Stokers to burn Morwell Brown 
CoaL^ This coal, we believe, is found practically 
surface, and the Power Station is 
bd^sg^^OO^ed adjacent into the fuel bed, and is 
for the purpose of supplying power to Morwell 
and district. The boilers will be complete with 
chimneys, flues, and automatic ‘ soot and ash ex- 
tracting and disi)osai plant.’* 

Board of Trade Announcement. — The Board 
of Trade give notice that in exercise of the 
powers conferred upon them by Part 11. of the 
Safeguarding of Industries’ Act, 1921, they have 
referred to a Committee constituted for the pur- 
poses of that part of the Act and consisting of : 
Sir William Ashley, Ph.D. (Chairman); Mr. J. 
Arthur Aiton, C.B.E. ; Sir Thomas W^. Allen; Sir 
N. Barran, Bt. ; and Mr. F. R. Davenport; 
a co^plaSBL by-i British Flint Glass Manufac- 
turers’ Association and the National Flint Glass- 
Makers’ Society, that articles of domestic glass- 
ware, illuminating glassware, and mounting 
glassware, manufactuf^d in Germany and Czecho- 

offered for sale in the 
at prices which by reason of 
depreciatioh in the value in relation to sterling of 
the currency of the above-named foreign coun- 
tries are below the prices at which similar goods 
can be profitably manufactured in the United 
Kingdom, and that by reason thereof empioyihent 
in the glass industry in the United Kingian is 
bemg or is likely to be seriously ^ffec&^jS^ 
Commitee are directed after ascertaining' 
facts to report to the President of the ^oard of 
Trade (a) whether the conditions speci^^in Sec- 
tion 2, Sub-Section (i) of the Safeguarmng’ of In^ 
dustHes Act, 1921, are fulfilled; (h) on the effect 
which the impositioe of 4 duty under Part II. of 
the Act on goodi ’ cff clas? or description 
covered by the complakit -would exert 
mmt in any other industry being 
using goods of that class or description ^ 


material; and ic) whether in the opinion of the 
Committee production in the industry manufac- 
turing similar goods in the United Kingdom is 
being carried on with reasonable efficiency and 
economy. The Committee propose to hold their 
first sitting for the taking of evidence at 2.30 p.m. 
on Monday, December 12, 1921, at the Hotel 
Windsor, Victoria Street, London, S.W. i The 
Secretary to the Committee is Mr. W. G. Fer- 
gusson. Board of Trade, Great George Street, 
London, S.W. i, to whom ail communications 
should l>e addressed. 

We have received from the Secretary and 
Editor of the Faraday Society a copy of the “Re- 
port of a General Discussion on Electro- 
depositions and Electro- plating'’ that resulted 
from a joint meeting of the Faraday Society and 
the Sheffield Section of the Institute of Metals, 
on Friday, _ November 19, that was in the 
Sheffield University. The Report, which is well 
printed and illustrated, will form a very valuable 
reference book on the technicalities of electro- 
deposition; the papers are of exceptional interest, 
and deal exhaustively with the subject and include 
electroplating as prevention of corrosicto, depo- 
sition pi cobalt, gold-silver alloys, the use of col- 
loids in the electro-deposition of metals, cry^stal- 
line structure of electro-deposited silver, and many 
kindled matters, together with discussions by 
those present at the meeting. We have already 
drawn attention to the valuable work that is being 
done by the Faraday Society in arranging and 
publishing these important discussions, and we 
append a list of the papers that can be obtained 
by application to the Secretarv^, 10, Essex Street, 
W.C-2, and prices. The Microscope : Its Design, 
Construction and Applications (bound in cloth), 
21s. The Present Position of the Theory of loiv 
isation, 12s. 6d. Occlusion of Gases by Metals, 5s. 
The Co-ordhnation of Scientific Publication, 3s, 
Electric Furnaces, 3s/ 6d. The Setting of 
Cements and Plasters, ss. 6d. The Training and 
Work of the Chemical Engineer, 3s. 6d. The 
Attainment of Higdi Temperatures in the Labora- 
tory, 2S. 6d. The Transformations of Pure Iron, 
2s. 6 d, The Passivity of Metals, 3s. 6d. The 
Constitution of Water, 2s. 

Queensland Mineral Pigments. — Mr. Joseph 
Campbell, an Australian scientist, has devoted 
three months to a special stud^ of the triable 
rocks lying to the north of Cooktown, Queens- 
land. These rocks yield, among other things, 
valuable oxides and ochres, and at Cape Flattery 
in particular there is scope for a large industr>' in 
pigments. Last year Australia imix>rted 1,636 
tons of dry colours of all tints, valued at ;£85,99o. 

Flattery alone can produce a laige propor- 
tion of such pigments at a much lower cost than 
that at which they are ' imported, A sample of 
red oxide (Indian red) from this source was found 
by the Government Analyst of Queensland to con- 
the? following percentages ; Loss on ignition 
moistur^, yri;- silica and insoluble, 
oxide of iron, alumina, S'o; total, 9^.- Tt 
is inter^ting to compare this* with the following 
analysis of an ordinary Indian red : ferric oxide, 
43*82; alumina, 28*30; ^ika, 23*16; calcium car 
bonate, S; (iraterrf 4 S; total, 

calcibm taibOBate is requireo 
it is easy to supply it 
around, which can be pnlver- 

’ised; fuc the purpose. 
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INDUCED REACTIONS AND NEGATIVE 
CATALYSIS.* 

By N. R. DHAR and N, N. MITTRA 

If A and B chemically react with one another, 
while A and C do not under ordinary conditions, 
but do so in the presence of the former reaction, 
the second reaction is said to be induced by the 
first; in other words, a chemical change between 
one set of substances is capable of forcing or in- 
ducing a chemical change between another set of 
substances having the potentiality to undergo a 
chemical change. For instance, when an acqueou-^ 
solution of mercuric chloride is boiled with 
oxalic acid, there is no reduction of the mercuri*. 
cbloricje to the mercurous state, but as is w^ell 
known this mixture of mercuric chloride and 
oxalic acid decomposes at the ordinary’ tempera- 
ture in sunlight according to the equation : — 
2HgCl3+H3C,0* = 2HgCH-2HCl+2C02, 

The same change, however, takes place in the 
dark (Dhar, Jour. Chem. Soc.j 1917, cxi., 690) if 
a few drops of a decinormal potassium perman- 
ganate are added to the mixture; as soon as the 
colour of the permanganate is discharged mer- 
curous chloride begins to separate out. 

phenomenon appears to be of general 
Thus it has been found out that the 
reduction of mercuric chloride and bromide by 
oxalic acid, ^ tartaric acid, citric acid, malic acid, 
malonic acid, glycollic acid, cane sugar, grape 
sugar, glycerine, lactic acid, hydroxy lamine 
hydrochloride, hydrazine hydrochloride, &c., the 
reduction of gold chloride by several reducing 
agents, and the reduction of silver nitrate, cupric 
chloride and selenious acid (to selenium) by 
various organic acids are promoted by the addi- 
tion of such oxidising agents as potassium per- 
manganate, potassium persulphate, manganese 
dioxide, potassium nitrite, hydrogen peroxide, 
^ 0 sin<; salts, &c. (Dhar, Proc, Akad. Vetenskj 
1921,^ 1074). 

It is' a fsldf that this effect is particu- 

larly noticeable in those reactions, which are very 
sensitive to light. 

To investigate further the general occurrence of 
induced reactions, following cases have been 

' ' . * ! ' 

According to ’ the customary nomenclature, the 
faster reaction is called the primary reaction and 
that which appears to be forced along or induced 
by contact with the primary change is called the 
secondary reaction. The substance which takes 
part in both reactions is called the actor, the sub- 
stance which takes part in the primary, reaction is 
called the inductor, and the substance which lakes 
part in the secondary reaction is called ‘the 
acceptor. The way in which the inductor acts is 
not known, and hence these induced - ^reactions 
form a branch of catalysis (see Table I.). 

In all^ the above-mentioned cases at first the 
primary cl^ge, that is, the oxidation of the 

+Eead b^oi:<e The Faraday Society, November 3% 
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easily oxidisable substance takes place and this 
primary change induces or promotes the secondary 
or the induced change, that is the oxidation of the 
difficultly oxidisable substance. 

In several of these induced reactions we deter- 
mined the induction factors, but unfortunately 
hardly any conclusion could be draw’n from these 
induction factors as to t||e mechanism of these 
changes. 

It is well known that a solution of sodium arsen- 
ite is not oxidised by atmospheric oxygen under 
ordinary conditions. On the other hand, a solu- 
tion 'of sodium sulphite is readily oxidised to 
sodium sulphate- — Now if we the two to- 
gether, both the o-xidations go on simultaneously. 
At the same time a curious phenomenon takes 
place. The velocity of the oxidation of sodium 
sulphite becomes very small in presence of sodium 
arsenite, that is, sodium arsenite which is under- 
gomg a slow oxidation acts as a powerful negative 
catalyst in the oxidation of sodium sulphite. 
Similarly a solution of oxalate which al^ under- 
goes slow oxidation in presence of sodium sul- 
phite, which is itself being ox^ised, slows down 
to a marked extent the oxidation of sodium sul- 
phite by atmospheric oxygen. Moreover, we have 
observed that manganous hydroxide, ferrous 
hydroxide, and sodium thiosulphate which are 
slowly oxidised by passing oxygen in presence of 
a solution of sodium sulphite markedly retard the 
oxidation of sodi^ sulphite. Also ferrous salts 
retard the oxidation of stannous salts in air. It 
appears probable, therefore, that the phenomenon 
of negative catalysis is p^sible only when the 
catalyst is liable to be oxidised. The^ cases are 
of great importance in connection wdth the con- 
troversial question of negative catalysis. 

In a previous paper (Dhar, Jour. Chemn 
1917, cxi., 707) it has been shown that manganous 
salts act as powerful negative catalysts in the 
oxidations of formic and phosphorous acids by 
chromic acid, and manganous salts can easily pass 
into the manganic state Moreover, it has been 
shown by various investigators that some organic 
substances notably «^uinol, brucine, &c., act as 
negative catalysts in the oxidation of sodium sul- 
phite by oxygen, and all these organic substances 
are themselves readily oxidised. It is well known 
that the oxidation of phosphorus by oxygen of the 
air is retarded by tbe vapours of various organic 
substances, ether, alcohol, turpentine, 

and the oxidation of chloroform is retarded by the 
presence of a small quantity of aicohoL Now all 
these negative catalysts are good redwing agent^, 
and are themselves n^dily oxidised. Hence in 
oxidation reactions the phenomenon of negative 
catalysis takes place when the catalyst itself is 
liable to be readily oxidised. 

If we expose a mixture of sodium sulphite and 
sodium arsenite to atmospheric oxygen, according 
to Sdidpbein (Jour. Frakt. Chorniy 1858, Ixxv , cyjj 
one a'lona of oxygen should go to oxidise sodium 
sulphite, while ^e other atom would oxidisie a 
molecule of sodi^ arsenite in the same lune^ 
The oxidation of sodium, arsenite is a very, slow 
chemical change and in order that gchphbein^s 
law be applicable, it follows immediately, 
oxidation of sodium sulphite which is fftfriy hipid, 
should |>eopme a ^ow ch^ge, Jhe felocity ot 
r this oxidation should become to that of the 
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Pnmar]r change 
HgCls-fNa^SO, 
HgCl,+H.COOH 
HgCla+Na^POs 
HgCla+Na^^SO:, 
HgCl^^+NaaPO, 
NaaSO»H-air 
NaaSO,+air 
NaaSO,4-air 
Na3S0*4"02 
NaaSOs+Oa 
NaaSOa-fOa 
NaaSOa+Oa 
HsSOa-hair 
HaSOa+air 

Fe(OH)a+Oa 

Co(0H)a+0, 

Mn(OH)a+Oa 

Ce(OH)a+Oa 

NaaSO,+air 

NaaSO*+air 

NaaSOa+air 

SnCla+air 


Table I* 


Secondary change Actor 



HgCia+NaaAsOa 

HgCls+NagAsOa 

HgCls-hNasAsOfl 

HgCla + HgAsOa 

HgCla+H^AsOa 

NaNOa+air 

KjCaO^+air 

Fe(NH4)a(S04)a4-air 

Fe{OH)a+Oa 

Co^OHja + Oa 

Ni{OH)a+Oa 

CUa + Oa 

F eSOi+air 

SnCla+air 

]SIi(OH)a+Oa 

Ni(OH)a+Oa 

Ni{OHla+Oa 

Ni(OH)a+Oa 

Na»AsOa+aij 

Mn(OH)a4-air 

NsiaSaOa+air 

Fe(NHJa(SOJa+air 


HgCia 

HgCla 

HgCla 

HgCla 

HgCla 

air 

air 

air 

Oa 

Oa 

Oa, 

Oa’ 

air 


air 

Oa 

Oa 

Oa 

Oa 

air 


air 

air 


air 


Inductor 

NaaSOs 

H.COOH 

NasPOa 

NaaSOa 

NajPOa 

NaaSOa 

NaaSOa 

NaaSOs 

NaaSOs 

NaaSOs 

NaaSOs 

NaaSOs 

HaSOa 

HaSOs 

Fe(OH)a 

Co{OH)a 

Mn(OH)a 

Ce{OH)a 

NaaSOs 

NaaSOs 

NaaSOs 

SnCla 
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Acceptor 


N asAsOs 

NasAsOs 

NasAsOs 

HsAsOs 

HsAsOs 

NaNOa 

K2C3O4 

Fe(NHJa(SOJa 

Fe{OH), 

Co(OH)a 

Ni(OH)a 

CUaO 


FeSO, 

SnCla 

Ni(OH)a 

Ni(OH)a 

Ni{OH)a 

Ni(OH)a 

NasAsOs 

Mn(OH)a 

NaaSaO, 

Fe(NHJa(SO,), 


oxidation of sodium arsenite^ because the same 
amount of oxygen will be taken up by the re- 
ducing agents in the same time. As- a matter of 
fact, from our experiments we have observed that 
in me presence of sodium arsenite, or potassium 
oxalate, or manganous hydroxide or ferrous 
hydroxide, the velcKnty of the oxidation of sodium 
sulphite hy air becomes very small. We assume 
that a molecule of ox>^gen splits up in this re- 
action into two atoms and each atom oxidises one 
of tie reducing agents. Now as a solution of 
sodium sulphite is much more readily oxidised 
than a solution of sodium arsenite, it becomes 
difficult to understand why the other oxygen 
atom, instead of attacking the readily oxidisable 
unacted sodium sulphite, attacks the much more 
difficultly oxidisable sodium arsenite. Or if we 
assume that at first a perdtide of the type of Bod- 
landePs benzoyl peroxide (Ahrends Sarumj 1899, 
iii., 470) is formed as a combination of the sodium 
sulphite with a molecule of oxygen, we are still 
encountered with the same difficulty. In this case 
we will have to assume that this peroxide instead 
of attacking the readily oxidisable unattacked 
sodium sulphite will attack the less readily oxi- 
disabie sodium arsenite by preference. It seems 
therefore, that the only course left to us is to find 
out the explanation in the view of the formation 
of a complex of sulphite and arsenite, or of sul- 
phite and oxalate, and that this complex is oxi- 
dised as a whole. It is well known that complex 
oxalates and sulphites do exist. 

It tas been observed in a previous paper (Dhar, 
Pro€. Ahad, Yetensh,^ Amsterdam, 1920, xxiii., 
2m) that in the oxidation of sulphites and sul- 
phurous acid, the sulphite ion is the active agent. 
On the addition of an arsenite to a sulphite, a 
complex, which it self is oxidised as a whole, is 
formed. At the same time the velocity of the oxi- 
dation of die sulphite becomes less due to the de- 
erpse in the concentration of the sulphite ions 
arising out of the formation of a complex of sul- 
phite and arsenite^ or oxalate. Hence it seems 
that the only plausible explanation of the negative 
catalysis stands on the hyxx) thesis of the formation 
of ah intOTiUediate complex compound. 


Now there is no chemical change between 
potassium oxalate and mercuric chloride in the 
dark at the ordinary temperature, though the 
folio-wing chemical change takes place in light, 
kaCa04+HgCla=2HgCl+2kClH-aCQ^.' 

If to this mixture of oxalate and ; 

ide we add a ferrous salt, one gets a slight' prhei- 
pitate of ferrous oxalate, and at the same time 
mercurous chloride is formed. A solution of 
ferrous salt cannot reduce mercuric chloride at the 
ordinary temperature, but in presence of an oxa- 
late it becomes a better reducing agent and reduces 
mercuric chloride to the mercurous state, and at 
the same time the potential reducing power of an 
oxalate is activated in bringing forth the reduc- 
tion of mercuric chloride to the mercurous state. 
Evidently the reducing power of the ferrous salt as 
also that of the oxalate is activated by their 
mutual presence. Tartrates and citrates ^b|h^yie^ ^ 
in a similar manner in presence of 'ferrpife^lalfe? 
Ferrous and ferric salts accelerate the formation 
of mercurous chloride from an oxalate and mer- 
curic chloride solution when exposed to light. 
Winther {Zeit, Wiss. Photo Chem.j 1909, vii., 
409) has brought forwaid argument to show that 
the light sensitiveness of a mixture of an oxalate 
and mercuric chloride is due to the presence of 
iron, and this investigator suggests that the purest 
mixtures of an oxalate and mercuric chloride so 
far prepared have _ contained iron. In absence of 
iron the mixture is not sensitive to visible rays. 
It seems to us that the real function of iron, if it 
is present, is that of a photoferment or photo 
catalyst as suggested by Winther, as well as that 
of an inductor. The ferrous salt in presence of 
an oxalate reduces the mercuric chloride to mer- 
curous state, and at the same time activates the 
potential reducing power of the oxalate in indcing 
the reduction of m^curic chloride to the mer- 
curous state. This'' induced reaction takes place 
also in the d^k. " * ^ 

On investigjkting these various cases of induced 
reacrions we were naturally led to the more 
geUeral conclusion that one chemical change 
should induc^ another chemical change of the 
same tyfe^ an‘d we tried to verify this conclusion. 
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und that the reduction of mercuric chloride 
gkich different reducing agents as formic acid, 
faurous acid, phosphorous acid, dec., induce in 
cases the reduction of the same substance, e.g.^ 
curie chloride, by sodium arsenite. We also 
investigated other changes, as for instance, the 
decomposition of unstable substances. It is well 
known that ammonium dichromate decomposes 
readily into nitrogen, water and chromium oxide, 
also the decomposition temperature of potassium 
persulphate is lower than that of potassium chlor- 
ate, and it has been found that in presence of de- 
composing ammonium dichromate or persulphate 
the decomposition temperature of j^tassium chlor- 
ate is appreciably lowered. In this connection it 
will be of interest to investigate whether the pre- 
sence of an easily decomposable explosive will 
lower down the decomposition temperature of a 
difficultly decomposable explosive, and this in- 
vestigation will throw light on the velocity of 
mixed explosives. Farmer (Jour. Chem. Soc.^ 
1920, cxvii., 1432, 1603) h^ recently shown ^at 
the velps^ity of decomposition of high explosives 
b'^?(g^#^^greater in presence of another explosive 
whkm is more readily decomposed. As far as our 
experiments go, we are inclined to the view that 
one chemical change will either promote or induce 
another chemical change of the same nature. 

Summary. 

(i) The phenomenon of induced reaction is ex- 
perimentally proved to be of general occurrence. 

{2) In oxidation reactions, the phenomenon of 
negative catalysis takes place when the catalyst 
be readily oxidised. 

explanation, of the negative catalysis 
investigated in these oxidation reactions, seem to 
stand on the hypothesis of the formation of inter- 
mediate compounds* 

(4) Experimental evidence has been brought for- 
ward in support of the view that one chemical 
dbian^e will either promote or induce another 
cii^ical change of the same nature. 

; Laboratc^, 

* Hmx Central College, 

Allahabad, India 


THE OCCURRENCE OF CALCIUM 
OXALATE IN THE GIDGEE WATTLE 

BAKER).* 

' Tiitm STEEL 

References in literature to the occurence of cal- 
cium oxalate in plants are numerous, but records 
of the amounts present are comparatively scarce. 
A few of the more important of the latter may be 
noted. In 1877, W. M. Hamlet and C. R. Piow- 
wright (Chemical News, 1877, xxxvi., 93; four. 
Chem. Soc., 1877, ii., 70 ) drew attention to the 
presence of oxalic acid in a large number of 
fungi, the acid apparently existing in the free 
state, as hydric potassium oxalate and as calcium 
oxalate. Fisiidaria hefaitca (86 per cent water) 
contained o'oS per cent of total oxalic acid^ 
to o*S7 per cent in ^e dry plant, and edwaleOt 
to 0*73 per cent fcakium oxalate (Cs04CafH*0j 


to 0*73 per cent fcakium oxalate (Cs04Ca4H*Oj I 
The presence of the same acid in sipw ^Boounts 
in potatoes and malt is recorded by Slewert {lour. 
Chkm. p*. 232). Berthelot and 

* By favour the Aulhor* Irona the Proceedings of tlie 1 

Socii^ of New South Wsdes, 1921, vol. xlvi., Purt s, |tily laTth^ | 


Andre {Jour. Chem, Soc.^ 1886, abs. p, 734) state 
that they found 13*9 per cent oxalic acid, which is 
equivalent to 17-8 per cent calcium oxalate, in 
the roots (dry) of Rumex acetosa (common sorrel). 
Of the 13*9 per cent oxalic acid, 5*9 was in the 
soluble state and the remainder insoluble. 

H, G. Smith {lour. Roy. Soc. N.S. WaleSj 1905, 
xxxix., 23) m a comprehensive paper describes the 
occurrence of considerable amounts of calcium 
oxalate in the bark of numerous species of 
Eucalyptus^ the percentages present varying from 
o-o8 to i6*66 of C204Ca-hHa0 m the dry bark. 

The occurrence of the same substance in cinna- 
mon and cassia barks was recorded by J. Hendrick 
{Aualystj 1907, xxxii., 14) who found from mere 
traces up to 3*5 per cent in commercial samples 
and 6*62 per cent in one of Ceylon wild cinnamon. 

J. Otto [Jour. Soc. ' Chem. Ind.^ 1912, xxxi., 
41 1) found from 0-4 to 0*9 per cent calcium oxalate 
in the young needles of pine trees, while old 
shoots contained 2*3 per cent, and young larch 
leaves 0*1 per cent, all m the dry material. 

R. T. Baker {Jour. Roy. Soc. N.S. Wales^ iqiyj 
li., 435}, as the result of microscopic examination, 
detected crystals of the same compound in the 
cells of a large number of Australian timbers. 

Further references to various phases of this 
subject will be found in the collective indices of 
the Chemical Society^ and of the Society of Chemi- 
cal Industry. 

F. B. Guthne {Agric. Gazette^ N.S. Wales^ 
1897, viii., 868) recorded an analysis of the ash of 
the Gidgee or Stinking Wattle (-d. Cambagei)^ 
showing 90-7 per cent of lime (CaO) and 0*40 per 
cent potash (KaO), 

Another sample of Gidgee ash offered commer- 
self in 18985 contained a similar large proportion 
of lime and small one of potash. 

Being struck by the probability of this propor- 
tion of lime being due to the presence of unusual 
amounts of calcium oxalate in the plant, I ob- 
tained from Mr, Maiden samples of the timber 
and bark of A. Cambegei and submit!^ them to 
detailed examination, with the results following. 

I have calculated the oxalate as Ca04Ca4*iia0, 
following H. G. Smith, cited above, who found 
this to be the constitution of the oxalate separated 
mechanically from Eucalyptus bark. The method 
of determination used was similar to that des- 
cribed by Smith, with the exception that I ignited 
the oxalate precipitate completely and weighed ^ 
CaO. 

Timber and Bath or Acacia Cambegei. 

(Calculated to dryness). 



Oa£«r 

Inner 

Outer 

wood 

Inner 

wood 

Aver- 

age 


bark 

bark 

(white) (dark) 

wood 

Ash soluble in acid 

8*48 

8*43 

3*28 

2*53 

2*86 

Sand I- 15 

0*44 

0*00 

O' 00 

0*00 

0*00 

Potash (K2O) 

o*o6 

o*o6 

o*o8 

0*05 

0*06 

Total Lime (CaO) 

7*22 

7*22 

2*23 

1*46 

1*83 

Lime as oxalate ... 

8*20 

8* 16 

3*08 

2*46 

2' 70 

C^kimn oxalate 
(CiOiCa-f H»0) 

i8?2 

18*82 

5-81 

3'8i 

4*77 


Water in air-dried ^ ^ . 

sample 8*80 9-30 9*00 9*20 g'os 

These proportions of calcium oxalate in the 
bark 0/ A, Cdmbe^i are the highest I ^ve seen 
lor any plant ' ^ ' 

Kfams {Jour. Chem. So&.j abs. p. 1370) 
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concludes from the results of experiments on the 
bark of various trees which contain calcium oxa- 
late in quantity, that this substance constitutes a 
reserve deposit and is not an excretion, and hat it 
is redissolved in spring and summer according to 
the needs of the plant. Branches of Tribes san- 
guinetim and other trees varied in their calcium 
oxalate content with the seasons, the amount pre- 
sent being highest in winter and lowest in spring 
and summer. The author states that calcium oxa- 
late is certainly liable to solution by long- 
continued action of an acid circulating liquid like 
cell sap. 

The abstract does not give any details regarding 
the structure or appearance of the bark examined. 
I feel more than doubtful about this conclusion. 
A fall in the oxalate content of the bark during 
the growing period is more likely to be due to the 
addition of new bark free from oxalate, than to 
the solution of the oxalate already deposited. 
Oxalic acid is usually considered a waste product, 
harmful to the plant, fixed with lime in order to 
render it insoluble and harmless, and we know 
that it is shed in large amount in leaves and bark. 

We have seen above that the dead, dry, outer 
bark of A, Cambegei contains the same proportion 
of oxalate as the inner bark, and even of the latter 
only a comparatively thin layer may be in meta- 
bolic function, in which condition alone it could 
receive or part with its load of oxalate 

Smith {Jour. Roy, Soc^ N.S. WaleSj 1895, xxix., 
335); 1903, xxxvii., 107) concluded in the case of 
OnUiS sxcelsa^ which he found to contain large 
axTOunts of aluminium succinate, that the succinic 
acid w^as a waste, poisonous metabolic product, 
fixed by the plant' with the only available base 
forming an insoluble succinate, in order to get rid 
of it. 

To deteremine in how far the barks of other 
species of Acacia resembled A. Cambegei in cal- 
cium oxalate content, the barks of a number were 
examined Through the courtesy of Mr. Maiden 
I was provided with these from the collections in 
the Herbarium Museum at the Botanic Gardens, 
Sydney, The analysis of this series was made for 
me by my colleague, Mr E. F. Vaughan, to 
whom my thanks are due. All the samples were 
of mature bark which had become thoroughly air 
dried. 

Percentages in Acacia Barks 
(Calculated to dryness). 


Total ash 

Total lime 

I 

2 

3 

4 

5 

6 

2 ’ 01 

1-56 

3-05 

6-80 

6*14 

6-05 

(CaO) 

Lime as 

1-64 

0'9i 

2'63 

2-54 

J -04 

S*6o 

oxalate 

Calcium oxalate 

0-52 

0'6o 

1-67 

2-05 

2-58 

3*42 

(C^0*Ca-fH,0) 

1-36 

I-S6 

4*36 

5*35 

6-74 

8-92 

Water in air- 








dried sample 11-43 11-75 13*20 9*58 12*88 10-83 
In the total ash the lime was ignited to CaO. 


I A. Cheelii Blakely; 2 A. adu?ica A Gunn. ; 3 A 
anriculiformis A. Cunn ; 4 A. decora Reichb. ; 5 
A saheina Lindl, ; 6 A. aneura F.v.M. 

in the case of the Eucalyptus barks examined 
by H. G. Smith, there is considerable variation in 
the amount of oxalate present, but in none of the 
samples is the high percentage in A. Cambegei 


af 'broached. A variable amount of lime is seen to 
be in combination other than as oxalate The 
bark of A. decora contained a comparatively 
large amount of ash insoluble in acid, and was 
high in iron and alumina, which might be due to 
admixture with earthy matter, but there was 
nothing in the appearance of the bark to indicate 
this. 

In a lengthy article on the chemistry of forest 
trees, by R. Warington in “Watfs Diet. Chemis- 
try” Part L, 1879, viii.,800, a considerable mass of 
information on the ash constituents of the bark, 
timber and leaves of trees is collected. A critical 
examination of this shows clearly that in most of 
these lime is the predominating constituent, and 
that there is never sufficient inorganic acid present 
to fully satisfy the lime and other bases. 
Throughout the article no^ specific mention is made 
of oxalic acid, though it is stated (p. 809) that the 
carbon dioxide in the ash represents the or^nic 
acids with which the bases were originally united, 
and that the proportion of bases combined in thist 
way IS apparently greater in old than in young 
wood (and bark). In the light of present know- 
ledge, a study of the data given strongly indicates 
the presence, in many of these timbers and barks, 
of very considerable proportions of calcium 
oxalate. 


A NEW CYANJDE.* 

By W. S LANDIS 

Some thirty years ago the new use of cyanid^ in - 
the gold industry brought to the attention of the 
chemical world the necessity of producing this 
material on a larger scale than had been pre- 
viously done, and at the same time of finding 
cheaper methods of preparation if the compound 
was to find an extended use. American, French, 
English, and German chemists attacked the prob- 
lem most energetically and from their w’ork arose 
the present-day processes, which, as far as they 
have become commercially practi^cable, you are 
probably familiar. 

Two German chemists, working on the bariuiq 
carbonate process twenty years ago, attempt^ lo 
supplant the expensive barium salt with a cheaper 
calcium salt, and obtained a new product, cyana- 
mid, which afterwards formed the basis of de- 
velopment of the well-known ‘^cyanamid process.’* 
To a certain extent they were disappointed at the 
outcome of their work as the new product calcium 
cyanamid had little in common with the objifeef of 
their search and after its discovery they sought for 
many years to convert cyanamid into cyanide. 
Their first patents on this tranformation of cyana- 
mid into cyanide were taken out eighteen years 
ago, these patents covering a process of fusing 
crude cyanamid with common salt in the propor- 
tions preferably of one part of cayanamid to two 
parts of sodium chloride. The mixture of cyana- 
mid and suitable chloride was to be heated to 
fusion and until foaming of the mass ceased, ^ 
which operation was reported to require from one- 
half to one hour. The resulting product was re- 
ported to contain cyanide of calcium, but n6 
analyses were given. 

•Apajperpr^entedat a meeting of the New York Section of the 
American Electrochemical Society in Boston, April 8, 1920.— 
Tramactions of the Ammcan EUctrochemical Society ^ 1920, 
xxxviii. 
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In attempting to carry out this process on a 
commercial scale, apparently they met with a 
great deal of difficulty. I visited their plant in 
1914, and found a great many types of equipment 
had been installed at one time or another, none of 
which had' worked successfully, and the cyanide 
plant had been closed down and abandoned for 
some years. 

The earliest type of apparatus consisted of a 
row of iron crucibles set m a gas-fired furnace 
with the top flush with the roof of the furnace. 
These crucibles were about 48in. {122 cm.) deep 
and 20m. {51cm) in diameter and had been made 
at various times of cast iron, cast steel, and 
welded soft steels. In operation salt was melted in 
the pot and c>anamid was then stirred in and the 
whole mass kept fused for a suitable length of 
time. The transformation efficiencies were ex- 
tremely low, but no actual record of the same was 
made public. 

The next development consisted in setting twro 
sdflicibles sid^ by side in the furnace. In the 
one crucible they charged salt and melted it, and 
in the second they charged cyanamid and heated 
the same to redness. Molten salt Avas ladled from 
the first crucible to the second crucible, and when 
a proper quantity had been added the whole mass * 
was kept melted until by chemical analysis the 
maximum ^^leld of cvanide had been attained. 
The contente of the pot were then ladled out and 
cast into slabs. 

yhe enormous amount of hand labour involved 
lii operation rendered it commercially imprac- 
ticablib, and a new equipment replaced the old. 
A revolving furnace was constructed with an en- 
larged melting hearth midwav between the tires. 
Sait wa smelted in this hearth and tapped into an 
iron ladle and conveyed to a crucible containing 
red-hot cyanamid. This operation was also un- 
successful in that there was very considerable 
wear and tear on the salt melting furnace, and 
further great care had to be exercised in pouring 
the molten salt on to theheated cyanamid, as the 
initial reaction was verv^ violent and the pot fre- 
quently boiled over. 

^ ^ j The maintenance of the externally heated cru- 
cible at the required high temperature became 
quite burdensolpe,i and a new type of furnace was 
developed in which an iron pot, provided with a 
spout, was set into a fuel-fired furnace. This pot 
was built of welded flange steel. It was 3ft. 
(0*92 m.) deep and 2ift (0*76 m.) in diameter. 
There was also provided an electrode sin. (12' 7 
cm.) square and hung on a chain block in line 
with the axis of the pot so that it could be lowered 
into the fused mass contained in the same. In 
this way a single-phase furnace using about 40 
volts and 1200 amperes was made in a setting also 
provided for initial fuel firing. In operating 
cyanamid was charged into the bottom of the pot 
and heated to redness by the fire underneath. 
Salt 'was melted in the rotating furnace above 
described, and was $lowdy poured into the electric 
furnace at such rate that no very violei^t teaction 
ehsued. The carbon electrode was lowered, 
the. current turned on, and the whole mass kept 
heated electrically' un^il the reaction was com- 
plete. The cyanide tapped through the spout 
and cast into slabs. ' , , 

^ This furnace and process was not successful — 
the efficiency of nitrogen transformation 


low and the final product contained a compara- 
tively small percentage of cyanide. I was m 
formed, however, that the same type of furnace 
was successfully being used in another part of 
Germany, wffiere the salt was melted electrically, 
and there was being turned out m this second 
plant a grade of product containing 40 per cent 
equivalent potassium cyanide at an efficiency of 
nitrogen transformation of over 90 per cent. I 
accordingly visited this other plant, and w^as ver\’ 
much surprised to find there an entirely different 
tvpe of apparatus in use. 

At this second place I found they had tried the 
combined fuel-fired and electric furnace just des- 
cribed, and had come to- the conclusion that the 
uneven distribution of electric energy throughout 
the bath caused ver>" uneven heating of its con- 
tents, and which was believed to be the cause of 
the very poor efficiency obtained from the process 
The iron pot would only last two or three runs 
before cracking, and they had abandoned this type 
of apparatus for a resistance type of electric fur- 
nace built of brick. This improved furnace was 
of the tilting type with a rectangular hearth and 
arch roof and lined with magnesite brick. The 
side walls were formed of carbon blocks and elec- 
trically connected w’ith a source of current. In 
practice these blocks were short-circuited with . a 
rod of carbon, and salt \ias thrown into the 
furnace and melted around the rod, thus estab- 
lishing a path of current betw^een the side elec- 
trodes. The furnace was then filled with salt. 
Cyanamid was then added to the melted bath and 
the heating continued until by chemical analyses 
the maximum content of cyanide had been formed, 
wffien the molten bath was poured out and cast 
into slabs. I witnessed several operations of this 
furnace, and found that the furnace produced 
about 400 kilogrms. of molten product in from 
three to four hours. The apparatus used about 
21 volts and 2800 amperes. The equivalent 
potassium cyanide in the final product ran from 
84 to 174 per cent in the various runs and the 
nitrogen transformation efficiency from 40 to 75 
per cent. During the last run I witnessed, the 
furnace became blocked with a white spongy 
material, and all operations were abandoned. 

It is thus apparent that in the 15 years elapsing 
between the initial experiment and my visit the 
Germans had been able to do little or nothing with 
the process of transforming cyanamid into 
cyanide. They had tried out mafiy types of fur- 
naces none of which were successful in any 
marked degree and had produced only a small 
amount of product of comparatively low grade 
and at great inefficiency. They were firmly con- 
vinced ffiat it would be necessary to use more than 
two parts of salt to one part of cyanamid in order 
to mak^ reaction take place at all and that for 
smooth working at le^t three parts of salt to one 
of cyanamid was absolutely necessary, also pre- 
mixing of the dharge was wrong chemically and 
must not be used,' On the basis of these mixtures 
the final product should test between 15 and 20 
per cent of equivalent potassium cyanide. There 
were many theories and ideas advanced on the 
subject^ I could find no comprehensive chemi- 
car stud^r of the process and little information of 
scientific value. In fact, the outlook for this 
transformation was most discouraging. ^ 
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In the late fall of 1916 there was a sharp ad- 
vance in the price of cyanide in this country, and 
a great shortage in the available supply. The 
gold and silver mills of the Continent faced a 
serious situation, and finally one of the 1^'ge 
users of the material came to the American 
Cyanamid Company with a lequest that it en- 
deavour to co-operate in producing the necessary 
requirements of this material. With the dis- 
couraging report on the German process in hand, 
and no time available for experimental work, the 
outlook was not particularly bright, but^ the prob- 
lem was attacked and a plant was designed and 
equipped using resista*nce furnaces of a modified 
design, and the older German procedure was 
altered somewhat with the hopes of obtaining at 
least results as good as the Germans had antici- 
pated. 

This plant was put into operation at Niagara 
Falls late in December, 1916. It was provided 
with five resistance furnaces of a tilting type, and 
two salt melting furnaces of fixed type. While 
completing the salt-melting furnaces, the resis- 
tance furnaces were put into operation as com- 
bined salt melting and reaction units. They were 
very much larger than the German furnaces, and 
the design and construction was quite new. They 
functioned extremely well as such furnaces go, 
considering the complicated operation The time 
of an operation, including salt melting and re- 
action, was reduced to about 2^ hours, and the 
salt-melting furnaces were never used for their 
intended purpose. 

Salt, charged cold, was first melted in the fur- 
nace by adding directly to the hot furnace, the 
heated walls conducting sufficient current to start I 
the melting. Into this hath of molten salt cyana- 
mid was fed by hand, stirring up the hath with an 
iron rod, and as soon as all the cyanamid was in, 
the furnace was tapped by pouring into chill cars. 
After cooling, the cake was broken up and loaded 
into caustic soda drums which formed the shipping 
container of the final product. Later it was 
tapped directly into the shipping drums. 

The process was somewhat troublesome to carry 
out. The life of the low-grade magnesite brick 
lining, the only kind then obtainable, was at most 
six weeks. It then became so conducting, due to 
the iron content of the bricks being reduced by the 
cyanide and through its absorption of the cyanide 
itself, that relining was necessaIy^ Further, the 
addition of the ci^anamid had to be slow and 
cautious as considerable foaming took place 
during the reaction and the contents of the fur- 
naces would frequently boil over. The first great 
improvement was the discovery that the addition 
of a very small amount of calcium carbide to the 
furnace would entirely stop the foaming. This 
permitted the cyanamid addition to be made very 
quickly and the power input was, therefore, in- 
creased to obtain the additional melting speed, I 
had learned in Germany that the furnace men over 
there were of the very fixed opinion that at no 
time should the temperature of the bath rise above 
960® C., 9r decomposition of cyanide would result 
Due to an accident to' the electrical system at 
Niagara, one of the furnaces received an undue 
amount of electrical power in one of the runs, and 
tile temperature shot up several hundred degrees 
above the limit set by the Germans, yet most 
excellent results were obtained. All furnaces 


were, therefore, operated at the highest possible 
temperature, and as a result within three mpnths 
of the starting of the plant the Cyanamid Co. not 
only maintained a daily production rate of nearly 
four tons of sodium cyanide but had carried on 
experimental work which had enabled it to dis- 
pense entirely with the salt melting furnace, as 
well as some of the reaction furnaces, to cut down 
the time of reaction to half, to avoid foaming, and 
fuither to increase the test of the finished material 
up to approximaely 24 per cent, equivalent sodium 
cyanide. 

The unsatisfactory performance of hte tilting 
furnace led the Cvanamid Co. to experiment with 
a new type using a suspended electrode and the 
combination arc-resistance method of heating. 
The success following this development, 
it to abandon the numerous small resistance fmr- " ■ 
naces and concentrate its eorts in a single unit and 
at the same time to obtain a ver^" greatly improved 
product. After a short period of development 
there was constructed at Niagara a singe-phase 
furnace with conducting hearth and containing a 
single suspended electrode and which furnace 
starting with an initial capacity of some lo to 12 
tons of product per day running about 28 per cent 
sodium cyanide equivalent, is now operating at 
nearly 30 tons of product per day, averaging 42 
per cent equivalent sodium cyanide. A<iditional 
furnaces are in process of construction. , : ^ . 

The development of the industry has been quit^ ' 1 
rapid. In 1917 there was produced approximately 
2,187,0001b , equivalent to 100 per cent sodium 
cyanide. In 1918 this grew to 2,350,000. In 1919 
a very considerable revision of the process and 
equipment was made, and as a consequence the 
plant operated only seven months, during which 
period it produced at the rate of over 4,ooo,ooolb. 
of NaCN per year. aThe quality of the product 
started at about 14 per cent equivalent sodium 
cyanide in January , 1917, and in August, iqipj 
ran uniformly between 36 and 37 per cent equiva- 
lent sodium cyanide. Material running as 
as 50 per cent equivalent sodium cyanide 
produced and there have been shipped several car- 
loads running around 45 per cent, of which I shall 
speak more later. 

The process and apparatus used^ for manufac- 
turing this product has been extensively described 
in the many United States and foreign patents 
covering the process. Essentially cyanam£i,^‘ salt 
and calcium carbide are mixed together and con- 
tinuously fed to a single-phase furnace designed 
so that it has a very small cubical capacity as 
compared with the power input. Melting is ex* 
tremely rapid and the fused product is removed 
from the furnace almost continuously to a cooling 
device which instantly chills the product. This 
is necessary to prevent reversion of the initial 
reaction, whereby calcium cyanamid, plus its con- ^ 
tained carbon, is converted into cyanide. The 
proportions of cyanamid and salt vary with the 
product to be made. 

In 1917 operations were started with two parts 
of salt to one part of lime nitrogen ankJ gradftally 
decreased in salt content until in making the pre- 
sexit standard 42 per cent product more cyanamid 
than salt is being used. The large furnace has 
been successfully operated with proport ons as low 
as two parts of cyanamid to somewhat less than 
one part of salt, and the experimental furnace ^ 
with no salt whatever. 
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The resulting product is marketed in the form 
of small, thin scales of a greyisn-black to shiny- 
black appearance, and the standard grade known 
as Aero Brand Cyanide “Grade X” contains be- 
tween 36 and 37 per cent equivalent sodium cyan- 
ide. This method^ of expressing its composition 
is used because it is sold on the basis “per pound 
of sodium cyanide equivalent.*’ A constitutional 
analysis of the material has so far proven im- 
possible of execution, but evidence points to the 
fact that it consists of a mixture of calcium cyan- 
ide, sodium chloride, and free lime with fractions 
of a per cent each of calcium carbide, calcium 
cyanamid, and other minor impurities obtained 
from the ash of the coke used in cyanamid manu- 
facture. The product known as Aero Brand 
Cyanide “Grade XX” contains 45 per cent equiva- 
lent sodium cyanide — the cyanogen being actually 
present as calcium cyanide — a slightly higher per- 
centage of free 1 me and a materially lower per- 
centage of salt than the X grade. 

use .df this material it has found an 
reception in the mining industry. 
Being made from cyanamid, one of the cheapest 
forms of combined nitrogen, and common salt, 
its cost of manufacture and its selling price are 
materially less than the purer forms of cyanide 
hitherto on the market. The use of caustic soda 
drums for packing has cut down the expensive 
item of metal containers forced upon the early 
industry. 

The first Aero Brand cyanide made in 1917 went 
l^te^the precious metal industry after a short 
ti^'febOratory tests in which it was demon- 
strated that it would dissolve gold and silver with 
equal efficiency to the 98 per cent grade then in 
the market, and that the accumulation of soluble 
salts due to the cyclical use of solutions in the 
mill would not prove troublesome. In mill scale 
operations the drums were opened up and the 
, placed in a revolving tumbler which dis- 

I solved it in water, thus giving an opjjortunity for 
any acetylene produced to be evolved outside of 
the mill solutions. Containing as it does a small 
amount of insoluble material, part of which is car- 
bon, difiicultly with precipitation due to the pre- 
iS^ce of this carbonaceous material ’was feared, 
the solutions were therefore filtered before 
passing Into faSr'cfrcuit. Experimental work 
quickly 'determined that the carbonaceous residue 
had no precipitation effect upon cyanide Solutions 
of the precious metals ^nd this early practice of 
pre-solution was quickly abandoned and from 
time Aero’Brand cyanide i- 
' mimped directly mto the mill circuit. 

The presence of a small amount of sulphur in 
the cyanamid is carried through into the Aero 
Brand cyanide as a sulphide. Dif&culty was 
feared with the presence of this sulphide, but 
several years’ experience has shown that the aera- 
tion ^ as employ^ in the cyanide mills quickly 
oxidises these sulphur compounds and 
them harmless A^- ^ result no trouble Ms been 
experienced from its sulphur content. * j : , 

In gold industry, where the i 0 smld 4 con- 
sumption per ton of ore is comparafively small, 
no difficulty has evqr l^n experienced with the 
accumulation if sails. ^In the silve’- in- 

dustry, where cyanide consumptions of not over 
fite'pouhds equivalent potassium cyanide peril; 
of ore is experienced, they have similar^^ 
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trouble from accumulation of the soluble salts, 
but where consumptions are considerably above 
that figure, certain difficulties have made them- 
selves shown in several of the silver mills. The 
calcitim chloride obtained from double decom- 
position of calcium cyanide and sodium chloride 
acts as a precipitating agent and greatly assists in 
the settling of the mill solutions. Its accumula- 
tion in such a solution, however, to an undue ex- 
tent, particularly in the case where cyanide con-^ 
sumptions run from 10 to loolb. per ton of ore or 
concentrates leads to a decrease in the available 
alkalinity of solutions, and steps have had to be 
taken to eliminate it. These steps consist in the 
addition of any simple precipitating agent for 
lime, the precipitated lime being removed in the 
filter with the mill tailings. 

In every case, either in the laboratory or in ffie 
mill, the cyanogen content of A.ero Brand cyanide 
has proven itself equally as efficient in the extrac- 
tion of precious metals as that of the 98 per cent 
sodium cyanide poimd for pound of contained 
cyanogen, added to which are the advantages of 
a considerably lower cost, slight alkalinity of the 
Aero Brand cyanide, and the marked influence on 
the rate of settlement of the solution. The new 
product has foimd a most favourable reception in 
the industry and is very widely and extensively 
used to-day- In the gold mills it offers no prob- 
lem in handling and causes no difference in the 
practice beyond the fact that the making up of a 
stock solution is not considered as good practice 
as the dumping of the cyanide directly into^ the 
barren solution along wiiffi the ore. In the silver 
mills, using a considerable quantity of cyanide 
ton of ore, simple precipitating methods for 
eliminating accumulated lime are in use, <kher- 
wise their practice is in no way affected. 

In its present state of development Aero Brand 
cyanide is not adapted to use in the case-harden- 
ing industry or in elec^io-plating. For the case- 
hsudening industry is is very questkmable if it has 
anything to offer in the future, but in die electro- 
plating industry steps axe being taken to perfect 
a method to simply convert it into forms such as 
the electro-plater can conveniently use, and it will 
undoubtedly make some headway in that industry. 

For the preparation of cyanides it is a simple 
matter to dissolve Aero Brand in water^ adding 
sufficient soda ash to eliminate the lime and 
filter. It is then ready for precipitation of the 
various insoluble cyanides. 

For the preparation of ferro-cyanide it is veiy 
satisfactory. A solution of ferrous sulpha^ is 
made up of suitable strength and into this is 
dumped an equivalent amount of Aero Brand 
cyanide and the mass agitated for a short time. 
Quantitative transformation of the cyanogen in 
Aero Brand tjo ferro^anide readily t^es place. 
The insoluble material left in the treatment vat is 
;t|^yed filtering operation not being very 

but the amount of cake to be handled 
is cx^psider^le., ^suiting ferro-cyanide is 

thep concentrated at a certain density .aMul 
95 per cent of it 'sriil separate out as a' haeal and 
the other s per cent will remain behind m solutiem 
with the chlorides of icsdeium and of qodima. The 
meal i? separated in a ^It filter attached tp the 
the soJution is Mown away. Be- 
qf the meal with return of mot^r 
liquor to "the original treatment tank yields a 
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sodium ferro-cyanide of remarkable purity. The 
transformation can be accomplished with not over 
5 per cent loss of cyanide. 

Recently the manufacture of anhydrous prussic 
9.cid from the crude cyanide has been successfully 
undertaken. Into an acid-proof generator Aero 
Brand cyanide and water is charged, the appara- 
.tus closed up and sulphuric acid run in. A con- 
siderable evolution of prussic acid gas takes place 
and the solution in the generator is finally cleared 
of all prussic acid by the admission of live steam. 
A brine-cooled condenser liquefies the gas evolved 
from the still and condenses an impure acid con- 
taining about So per cent prussic acid. This is 
charged into an iron still and re-evaporated, the 
resulting condensate being about 98 per cent pure, 
in which state it is u^d in fumigating in the 
citrus growing districts. The resulting liquefied 
product is water white and practically chemically 
pure, at most containing only the most minute 
traces of foreign products. The construction and 
operation of the liquid gas plant, as the same is 
called locally, has been a most successful opera- 
tion in every way, the only regret being that the 
installation was not about three times as large as 
originally planned because of the great demand 
for the high quality material it has turned out. 

Th^re is no reason to doubt that Aero Brand 
cyanide will find a place in many other chemical 
industries as up to the present time practically no 
limitations * in its use. have been found and no 
chemical properties which prevent its utilisation 
in the many cyanide derivatives. Quite recent 
developments have shown the feasibility of manu- 
facturing the higher-grade product containing 
above ,45 per cent equivalent sodium cyanide. 
Thesfe developments are too new to present at this 
time. A discussion of, the process or of the use 
of the resulting product, which has several new 
characteristics will be reserved for the future, 

Coficlusions. 

'The development of the'^i'cscess of transforming 
cyanamid into cyanide marks another triumph of 
the American electrochemist. We accomplished 
more in a few months than the foreign chemists 
accomplished in 15 years. Three months after 
starting the designs of a plant our American 
chemists were producing to the extent of four tons 
of equivalent sodium cyanide per day of a much 
higher grade than the Germans had ever hoped 
for. Within a year we had reduced our operation 
to a single small electric furnace of a continuous 
type and produced a product of higher cyanide 
content th^ the Germans ever thought possible 
and at a nitrogen efficiency of over 90 per cent. 

The resulting product of uniform quality and 
excellent physical characteristics has found a very 
increasing market in the various industries using 
such a product and is to-day pushing the pure 
high-grade product steadily out of its long en- 
trenched fields. For the present year the outlook 
is for a consumption of Aero Brand cyanide equi- 
valent to nearly 5000 tons of 100 per cent sodium 
cyanide With further development along the 
lines of transforming this material into its many 
other derivatives, particularly in view of the very 
low cost of the raw materials entering into its 
manufacture, and the simple apparatus and pro- 
cess used, we confidently look forward to cyanide 
made from cyanamid dominating the world^s 
cyanide market. 
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In Scotland the majority of the lamps were the 
little miners’ lamps for which Englishmen as a 
rule had a strong contempt, but, notwithstanding 
the contempt, he was glad to see that a patent 
lamp of the kind was coming into favour in 
England. Therefore, the English colliery 
I manager had to- thank the Scotch colliery manager 
‘ at least for giving him that tip. The further they 
' went into the works the more the air became con- 
taminated, and the men at the end were un- 
^ doubtedly swallowing very bad air That,y?^ a 
! matter which they could not possibly he|p, 
the only cure for it was, as, Dr, Haldane had said, 
by sending a lar^e current of air to sweep through 
the colliery workings. 

A good deal of discussion had been started, 
particularly in Scotch coal-fields, with regard to 
obtaining fresh air at the faces, and the question 
whether or not it could be done by the. existing 
method of providing ventilation from the surface 
alone, by which he meant having a suface fan 
; with a good-sized down cast shaft and a good- 
sized up cast shaft, or whether it was better to 
have auxiliary fans underground. Some 
managers declared that by having auxiliary , 
the air was cooled. He was not so sure about 
: that, but some mangers held that the air that 
came from an auxiliary fan placed underground 
was much cooler than when the whole air came 
right in from the surface and went light back 
from the one fan. That was a question that Dr. 
Haldane might take up, if he had time, and settle 
the knotty ix)int. 

The paper he thought was of great value to 
raining engineers, and he only regretted that all 
members of the Institution of Mining Engineers 
did not have the opportunity or reading ut. If 
some arrangement could be made whereby 
papers read before the Institution of 
Metallurgy could also he discussed by the Insti- 
tution of Mining Engineers, he thought it would 
help both Institutions and the Industry generally. 

He desired to thank the President and members 
for permitting him to contribute to the proceed- 
ings, and he had also, to thank the author for his 
excellent paper, which he had thoroughly enjoyed. 

Mr. Bernard W. Holman said that he was sure 
they were all very grateful, as mining engineers, 
to Dr. Hill 'Jor having brought that instrument 
before the Institution, and for having explained it 
so clearly. It now behoved the mining engineer- 
ing profession to test it themselves and find out 
how far it could actually be employed usefully in 
the mines. 

One of the first things that occurred to one was 
its use for testing the efficiency^ of booster fans 
underground. An instrument which actually gave 
the cooling power per unit of surface seemed 
peculiarly fitted for testing whether the increase 
of air velocity obtained by booster fans^gavfe.^^ 
increase of cooling power commensurate with the 
additional amount of money spent. 

It was possible to test a man’s efficiency by the 
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katathermometer in conjunction with an ergo- 
meter which gave actual measurements of how 
much work’ the man put out. To begin with, as 
the Mine Rescue Apparatus Committee had shown 
very clearly in their report, the instrument not 
only showed what output the man was capable of, 
but it also showed his stamina (suitability for 
sustained effort), and his fitness. By finding out 
what his efficiency was they could find out how 
far his output could be improved They all knew 
that in Africa and other places it had been neces- 
sary to employ new classes of natives and other 
workers underground. The only practical method 
of testing them was to measure their output and 
to see how much the death-rate turned out to be 
per thousand per year. Obviously sometimes 
such tests had to be stopped because the death- 
rate would be too high. Such a method was 
troublesome and expensive. Efficiency tests on 
individuals would be far more convenient and 
much cheaper. It . could be tried in practice 
-this method- of testing the suitability of 
' for. working underground gave reliable 
results. 

Then there was a third use which remained to 
be tested by mining engineers, and that was the 
effect on output of the general conditions of the 
mines. The man’s efficiency could be tested at 
different depths, temperatures, and humidities. 
There was also the peculiar question of optimum 
effort which Dr. Orenstein was going into so fully, 
i.e., whether it was better to let a man work ver\' 
then have a rest, or whether it was 
let him have onie or two or three rests 
throughout the shift, and what was the best 
length of shift. That vras a test for which the 
katathermometer happen^ed to have a particularly 
useful scope. They had been so much in the dark 
before -with regard to the influence of cooling 
effect on a man that a good deal had had to 
held over. 

With regard to the recommendation of the ergo- 
meter he felt that it w^as a matter of opinion rather 
than a statement of scientific fact that efficiency 
depended on cooling power; efficiency should be 
measured. They had heard he statement made 
Ifhat the cooling power wa$ the^ measure of effi- 
criekiqy, and that cooler the air was the higher 
ind ' tnan. Any statement con- 
nected with human efficien'cy and .the human 
machine ought to be treated feally as an* empirical 
one, because they knew very little even about 
the process of oxidation in the tissues. To quote 
a President at the last Meeting of the British 
Association : **We do not know how it. is done, 
and we cannot do it ourselves.” He (Mr. Hol- 
man) almost thought that applied to such a simple 
thing as digestion also. Therefore they had these 
factors : cooling powder, comfort^ and efficiency. 
They were three different things; although they 
were undoubtedly connected they were not neces- 
sarily equivalent. It was interesting to^iio^e'the 
very elaborate experiments which had been carried 
out by the French Army recently to |te$$ new re- 
cruits joining the Army in order t^ how far 
and with what loads they could. march, and how 
on a forced march a rest of ten minutes per hour, 
or five minutes per hobr, or no rest at all, affected ' 
the efficiency of the men. " It seemed to him that 
in precisely the same way that instrument qouM 
be used to test the real capability of a hew ihan 


presenting himself for work. When the fuel con- 
sumption side of the instrument was sirnpHfied 
slightly, presuming the man would submit to it 
and that his Union w'ould let him, it seemed to 
him that it w^ould be possible to test a man's 
actual physical efficiency for work before en- 
gaging him. 

The effect of alcohol had been very carefully 
studied by means of the ergometer, also the 
amount of energy used, and the conditions of 
efficiency of workers in various industries, even 
includiijg men hewing coal, had been already in- 
vestigated by Prof Waller. 

It was very interesting to see the amount of 
modification in the revised formulae of Dr. Hill. 
He (Mr, Holman) rather doubted their absolute 
validity when he saw them at the previous meet- 
ing because he had not been quite able to see how 
the cooling power varied with the root of the 
velocity. When they dealt with rather higher 
velocities for air-cooled engines for aeroplanes, 
the cooling power appeared to var\' directly with 
the velocity. In the army they had to make 
allowance for shell-fuses burning more quickly 
when the shell was going through the air than 
when it was on the bench being tested. In that 
case there was actually a heating effect owing to 
increased velocity’ and not a cooling effect at all. 
He would like to ask Dr. Hill what absolute 
methods of checking low velocity he had, and 
whether he used any kind of hot wire anemometer, 
that of Dr. Vessot King, or whether he put 
a given quantity of heat into the wind tunnels 
and calculated in that way. For high velocities 
pressure measurements were sufficient. 

There -was one point on p. 2 with regard to the 
organic poisons in the exhaled air and the sup- 
position of the existence of such being negatived 
by exact experiment They all knew how con- 
tinued insanitary conditions appeared to breed 
fever in the past. He^^ould be very much obliged 
for references to any experiments on human 
beings in that connection. They all knew about 
the experiments (m guinea pigs, wffiich could 
almost live witliout any ventilation at all, and 
even live with carbon monoxide for quite a long 
time. He w’ould be ver>^ glad of any references 
to prolonged experiments on men which disiJelled 
that ancient “superstition” about exhaled air. 

With regard to Dr. Hill’s statement cm p. 2 that 
high cooling power -improved the circulation of 
blood and caused “better appetite, digestion and 
absorption of food and that constipation is 
avoided,” he (Mr. Holman) thought that all those 
things were very often constitutionai. From his 
own ex^rience and observation appetite was quite 
a constitutional thing, and often independent of 
body weight. He thought, therefore, that such 
things being largely constitutional varied far more 
with the individual than they did with kata- 
theismoraetdr readings. 

' Mr. K, Scott said that Dr. Haldane, in 
determining ,t|ie measure of atmospheric con- 
ditions sqitable^for^the efficiency of , hatl 

stated that at So** F. wet-bulb, the work of a miner 
falls off, and at 85"^ F. hard woik is scarcely 
possible. . , 

At the Morro Veiho Mine of the St. John del 
Rey Co., in Brazil, howeyer, the tempera- 

tiTFe ia the stopes on more than one occasion last 
^ear actually reached 90® F. wet-^bulb, and unless 
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some method had been evolved of xedncing this 
figure, further excavation in depth would have 
b^n impossible. As a result of the^ installation 
of a cooling plant, which has been in operation 
there since last December, the temperature fell 
appreciably, and three months later, the thermo- 
meter nowhere registered more than 83® F. wet- 
bulb in the mine. 

The cooling plant has been worked to bring 
about a very gradual fall in temperature, in order 
to prevent blistering of the rock, but Mr. Scott 
was informed that at the present time men were 
working underground wih their coats on. This 
appeared to him a very satisfactory result, inas- 
much as the improved conditions would prolong 
the life of the mine, as well as reduce sickness 
and tend to prevent industrial unrest. 

'This result has not been achieved without large 
expenditure, which, he understood, approached 
two hundred thousand pounds This figure, how- 
ever, included the provision of power, in addition 
to that of the ooolihg plant proper. The inci- 
dence of the War, and the fact that the installa- 
tion was a pioneer one, no doubt resulted in the 
expenditure being so great. 

The author suggested that by adjusting the cool- 
ing power to the heat production of the worker, 
sweating could be prevented, and the work done 
with comfort and ease. 

He (Mr, Scott) would ask Dr. Hill if, in his 
reseaches, he had taken into consideration the 
fact that men do not all sweat at the same tem- 
perature and with the same physical exertion. 
He presumed that an average figure had been 
taken which would probably give a satisfactory 
result in factories, but he was afraid that, 
although in deep mines improved ventilation 
make work more tolerable, the environment would 
not permit such ideal conditions as the author 
postulated, 

the President said that^he felt sure that the 
members would all join with him in jessing a 
hearty vote of thanks to Dr, Hill for his very 
interesting paper, a paper which, although a 
theoretical one, was of great interest to practical 
men because it was through scientific men bring- 
ing these things forward that practical men weie 
enabled to adapt them to their particular condi- 
tions and make them of practical use. 

Contributed Remarks. 

Mr. H. F. Collins : It seems to me that the 
katathermometer is nothing but an improved form 
of wet-bulb thermometer 'plue a time factor; what 
it measures is simply the evaporative power of a 
current of air. If this be so, the same result 
ought to be measurable by noting the difference 
between the dry and wet bulb temperatures, and 
the time taken by the wet bulb to reach this differ- 
ence, which^ ought to be standard for each given 
set of conditions. A factor can then be worked 
out for converting the readings of any wet-bulb 
thermometer into kata degrees. 

There are cases in which the indications of a 
katathermometer, graduated only from loo*^ down 
to PS®, would be of no value, for one often finds — 
especially in tropical countries — ^working places 
the temperature of which is above 100'’ F On 
two occasions in the writer’s life it has been his lot 
to visit working places the temperature of which 
(from special causes in each case) exceeded 130® 


F. For such conditions the kata would be use- 
less, whereas our old friend the wet-bulb, the 
readings of which had been standardised against 
a kata, could be employed successfully. 


PROCEEDINGS OF SOCIETIES. 

ROYAL SOCIETY. 

November 24 , iq 2 i. 

Prof C. S. Sherrington, President, in the Chair. 

The following papers were read 

(i) “Observations on Reflex Resf^^^ 
Rhythmical Stimulation in the Frtr^,^ (2) 

Effects of Constant Gahydsn^c Currents ufon the 
Mammalian N erve -^muscle and Reflex Pre'para^ 
tionsf^ By K. SaSSA. 

(i) The object of the investigation was the study 
of the relation between the frequency and inten- 
sity of stimulation and the lesulting reflex re- 
actions. 

It was found that there is an optimal intensity 
when the rate of stimulation is rapid, but not at 
moderate rates. There is also an optimal rate for 
any given intensity. The reflex contractij^ 
evoked at optimal of 

as powerful a§ fte ahrect %y SuMlair 

stimulation, especially in the first period of con. 
traction. 

{2) This communication gives the results of a 
Study of the reflex effects resulting from stimula- 
tion by constant galvanic currents applied to an 
afferent nerve of the hind limb. 

The main points of enquiry have been f (i) the 
relation between reflex excitation and inhibition of 
the decerebrate tonus of the vasto-crureus ; (2) 
whether the “excitation formula” (Pfliiger’s law) 
holds good in mammalian afferent nerves; and (3) 
whether there is continuous excitation during the, 
passage of the current through an afferent n^ryie.1 

“The Hamolyiic Action of Sodium Glycochoco- 
latef* By E. POKDER. 

In this paper it is pointed out that the haemolytic 
power of sodium ^ glycochocolate is greatly in- 
creased by the addition of small amounts or hista- 
mine or histidine. 

The effect produced by such a mixture on 
freshly prepared erythrocyte suspensions differs 
from the effect produced on supensions which have 
been standing for some time. Erythrocytes can be 
rendered immune to the haemolysis produced by 
mixtures of sodium glycochocolate and histamine 
by the previous addition of histamine to the sus- 
pension. 

It k suggested that the haemolysis is due to 
changes of surface tension. 

Tables illustrating the phenomena are given. 

“The Titration Curve of Gelatine T Bv Dorothy 
J. Lloyd and^ C. Mayes. 

Hydiochioric acid combines mth gelatine in 
solutions whose acid concentrations are* les^ than 
0*04 normal, according to the law of mass action. 
Kfc for gelatine is 4-8x10-^'* if 839 be taken as the 
reacting weight of gelatine. 

The theory is put forward that over this range 
of the curve of combination of gelatine with 
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hydrochloric acid, the combination occurs at the 
free — NHa groups. These groups are present in 
the lysin, arginin, and possibly some other of the 
amino-acids of the gelatine 

In dilute sodium hydroxide of a concentration 
less than o*oi normal, the gelatine combines with 
the base less rapidly than would follow by a cal- 
culation from the value for and the value for 
the iso-electnc point, if 830 is taken as the re- 
acting weight. 

It is suggested that the number of pcjsi- 
tions of attachment for bases is not the same 
as the number of positions for acids, 

, , . . , molecular weight . 

that the reacting weight (or acidity 

the same in acid and alkaline solution. 

I dio -Ventricular Periodicity"^ By D H. DE 
SOUM and J. A. Hewitt. 

^ A perfusion experiment on the excised heart of 
a frog is described and discussed, in which 
I occurrefd as an independent 

^ ^nlacular phenomenon. 


SOCIETY OF PUBLIC ANALYSTS. 
Ordinary Meeting^ December 7, IQ21. 

Mr. Alfred Smetham, President, in the Chair. 


C^iRTiFJCATES were read for the first time in favour 
John Leonard Lizius, B.Sc., A.LC., 
Ha^ry Malkin Mason, M.Sc. (Sheffield), F.I.C , 
Thomas McLachlan, A.I.C., Charles March 
Caines, F.I.C., and Ginja Nath Mukerjee, B.Sc. 
(Cal.). 

Certificates were read for the second lime in 
favour of Messrs. Jack Cecil Drummond, D.Sc. 
(Lond.), F.I.C., Alfred William Long, John 
Charles Mellersh, Charles Harold Wright, M.A. 
(Cantab.), F.LC. 

The following papers were read : — 

**Tke Esiimation of Small Quantilies of Anii~ 
many in Cof^ier and BrassJ" By B, S. Evans, 
M.C., B Sc., F.LC. ^ 

i^Magudhor existing methods are un- 

‘ oiti score of length or 
and puts forward a process which he 
claims to be reasonably rapid and accurate. The 
method is described in detail, the copper being 
first eliminated with sodium ^ hypophosphite and 
the antimony precipitated on copper foil, from 
which it is dissolved and re-precipitated as the sul- 
phide, and estimated colorimetrically. The chem- 
istry of the process is dealt with, and the factors 
governing the Reinsch and hypophosphite tests 
for arsenic discussed. 


^*‘The Inks of Ancient and Modern Egy^J^^ By 
A. Lucas^ O.B.E., F.LC. - 

The author refers to the types of pens Med! M 
ancient Egypt and gives an account black 

and coloured inks on ancient papyri 
ments. The chemical reactions of 


in 


TCh- 

are 


described, and an analysis is given of a carbon 
ink of the The inks in old 

Arabic and Cdpric bbok^s next' described, and 



evidence of the use of iron inks in pap; 
of the seventh century A.D. is adduced, 
position ' and characteristics of modern 


MS, 

;h€S 



inks are outlined and analyses of different quali- 
ties of carbon inks are given. Finally the question 
of the browm discolouration of ancient carbon inks 
in MS. and books is discussed and explained. 

"‘Notes on ike Analysis and Use of Red Stjuill 
in Rat Poisons.'" Bv C. L. CLAREMONT, B.Sc., 
F.LC. 

Red squill (Urgmea Maritama) is described, a 
short resume of previous work given, and methods 
of using as a raticide explained. 

The author gives analyses and toxic values of 
a number of red squill powders, the main feature 
of which is the presence of a sugar-like substance 
which serves as an indication of the presence of 
squill, and gives approximate quanti-relationship 
results, but it does not appear that there 
is any relationship ^between this and the 
toxic value. Similar figures derived from 
the white squill (B.P.) and Urginea Burkei 
are also given and the difficulty of distin- 
guishing red from white squill dealt with. 
Analyses of liquid extracts of a squill and other 
rat poisons containing squill are given, and ex- 
periments are described bearing on the best 
method of making squill preparations. 


NOTICES OF BOOKS. 

Aids to Chemistry, By WILLIAM PARTRIDGE, F.LC. 
Pp. viii.+2^. London : Baillie, Tindale & 
CoX, Price 6s. neW" % 

This Utrie book is intended for the use of 
students who have already been through a course 
of chemistry, and therefore had some ex- 

perience in practical work. The object of the text 
has been to recall and explain to the r^der the 
various reactiogos be has encountered in his labora- 
tory work, and to aicfe as a handy book of 
reference. 

After an introducthm dealing in a general way 
with the science bf Chemistry, and the indestriicti- 
bility of Boattef,"^ Short paragraphs are devoted to 
I compounds and mixture, synthesis, and analysis. 

A chapter is given to optical chemistry and the 
use of the spectroscope, and then the subject of 
the non-metallic elements, their occurrence, 
history, and reaction^ occupy some go images, 
while the remaindM of the book deajs very prac- 
tically with the quantitative anal^is of com- 
pounds and the chemical nature of the hydro- 
carbons. ^ ‘ 

Naturally, when » embracing such a range of 
subjects in a small b^k, the matter is very con- 
but as an aid in recalling the mind to 
work tiiat has been done in the laboratory the 
book will no doubt be found of value to medical, 
veterinary^ and pharmaceutical students. A list 
. of , widh Aeir symbols and approxi- 

weighs 1$ ^iiven at the end of the 
book^ and index. 

4 of Sy 

D, vi.‘-fio4. .London: 

< 5 e<^ge Rdutiedge Sons, Ltd. New York ; 
fe. 'P: l^sllqn ^rioe 3s, 64.net 
This * ^ antf clearly illtetx^ed booklet is 

such ^M^lbwing as is 
wqouin 3 ^?ed in laboratory practice. 

py the descriptions and illustra-/ 

“ U * ' ' . f ‘S " ' % ^ ‘ ^ li ll 
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tions given that the author is writing from a very 
practical point of view. By closely following the 
directions and the use of a plentiful amount 
of patience, it should be quite possible for the 
student with average manipulative skill to be- 
come sufficiently proficient to enable him to 
manufacture for himself nearly everything 
that is needed in the laboratory. 

In addition to glass-blowing, many dodges use- 
ful in the laboratory are given, such as drilling 
and grinding glass, calibration and graduation 
of glass apparatus, manufacture of thermometers, 
spinning glass, and the making of Sprengel air 
pumps, and illustrations are given of the method 
of making the extremely complicated Geissler 
tubes that were to be seen m every optician’s shop 
years ago. 

This is a book that we should strongly recom- 
mend to all workers in science, especially chemi- 
cal students. 

An Introductimi to Zoology for Medical Students. 

By C. H. O’Donoghue, D.Sc., F.Z.S. Pp. 

X.-I-501. Price i6s. net. 

The object of this imposing volume is to provide 
a textbook for the zoological portion of the 
syllabus in biology for the first examination for 
medical degrees in the University of London. 

An introductory outline is given to the probable 
theories^ relating to heredity and evolution, and 
it is pointed out that no course in zoolo^ can be 
considered adequate unless the reading jS accom- 
panied by practical work. No pains have^ been 
spared to fully illustrate the work by both* half- 
tone plates and diagrams. 

We are rather surprised that little or no refer- 
ence has t^en made to the application of X-rays for 
the investigation of ost^ologkral structure. It was 
thought in the early days of Roentgen’s discovery 
that the method would be found of value. It may 
be that the science of radiology has developed in 
a direction that makes it dfficiilt for the zoologi- 
cal student to avail himself of this valuable means 
of research. 

The Sfeciroscofy of the Extreme Vltra-Yiolei. 
By Theodore Layman, Ph.D. Pp. 132 
London : Longmans, Green & Co Price 5s. 
net. 

This work is one of the series of monographs on 
physics, edited by Sir J. J. Thomson, O.M., 
F.R.S., and Frank Horton, D.Sc., M.A. - The 
author in his preface states that the book might 
well have been called the Spectroscopy of the 
Schumann region. The work of the late Victor 
Schumann will always he remembered by spectro- 
scopists in connection with the exploration of the 
spectrum in the extreme ultra-violet. The exces- 
sive care which he took in every detail in the con- 
struction of apparatus a^nd the magnificent results 
that he obtained really laid the foundation for 
the research in this important field. Professor 
Layman’s work on the subject is well-known. 

Part I. deals with the photometry of ultra- 
violet and the absorption of solids and gases. 
Chapter II. begins with the description of the 
apparatus used in the investigation of the ultra- 
violet.^ This portion is very clearly illustrated, 
an<i diagrams of the vacuum spectrograph are 
given. On page 54 a description is given of 
Schumann’s photographic plate, having the re- 
maxlcable property of being very sensitive to the 


extreme ultra-violef, but quite insensitive to light 
of greater wave-length than A U. 3000; the short- 
est wave-length obtained by the direct method 
appears to be in the neighbourhood of 900 A.U. 

As it has now been" established that X-rays are 
a form of ether vibration of wave-lengths in the 
neighbourhood of one and two Angstrom units, 
the gap between the X-rays and the shortest ultra- 
violet radiations is still of absorbing interest, and 
the author thinks that it will probably necessitate 
a considerable change in the methods of investi- 
gation if the gap is to be successfully bridged. 
Work in this direction is stated to have been 
carried out by Dember, who produced X-rays by 
the bombardment of photo-electrons of low speed 
of an estimated -wave-length of 475 A.U. ' ^ > 

Tables of wave-lengths in .the ^ 

trum, of hydrogen, nitr^:^^i^ 4 rgon, alumimuin, 
gold, and some other elements are given, and in 
an api^ndix at 'the end, Schumann’s method of 
preparing the photographic plate and the deve- 
loper is described. 

The Formation of Colloids. By The. Svedberg, 
Professor of Physical Chemistry in the Uni- 
versity of Upsala. Pp. 125, .with 22 Illus- 
trations. London * J. & A. Churchill. 

Price 7$ ncl ' 

Professor Svedherg’s 'Uarhe is well-known in 
connection with subject aW ^ 

is with very ' pleasurr that are able td " 
announce that he has undertaken the publication 
of a series of monographs upon the subject. It 
is proposed by this method to keep up to date 
with this rapidly growing science. Professor 
Svedberg, in his preface, refers to the help he 
has received from Emil Hatscheck, whose name 
is also well-known in this connection. 

The first of the series now before us gives a 
survey of the processes which cause the forma- 
tion of colloids. In his introduction, the author 
gives full credit to the labours of Thomas 
Graham, whose experimental investigations laid 
the foundation of the science of colloidal ' 
stances. Since those days, many investigators 
have devoted themselves to researches in this 
fascinating field. The names of Linder, Picton, 
Zsigmondy, and Ostwald, \vill always be asso- 
ciated wdth the pioneer work that has been done 
on the subject Ostwald has referred to the 
colloids as *‘the world of neglected dimensions” 
because of the lack of interest which, until very 
lately, caused them to be a disregarded field of 
study. 

The first paper in the monograph is devoted 
to the formation of dispersed systems in va-mo, 
and deals with the metallic deposits on glass and^ 
other surfaces. There is a critical temperature 
for every element, above which the molecule 
instead of adhering to is reflected from the sur- 
face. This temperature for mercury is about 
minus 135® C., and for silver plus 575® C, 

The formation of mercury mirrors upon cool- 
ing a globe containing mercury vapour is fami- 
liar to all frequenters of the Royal Institution 
of London by the classical experiments, of Sir 
James Dewar. The practical application of the 
knowledge of these phenomena is well brought 
out in the concluding paragraph of this paper, 
where it states that if the glass upon which the 
condens^ibn is^ to take place is covered before- 
hand with a thin film of some salt, no coherent 
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metal film is formed. This knowledge has 
already been applied by the makers of metal 
filament electric lamps to prevent the darkening 
that takes place by use, and it is stated that the ; 
insides of the glass globes have already been i 
coated with ver^’ thin films of certain salts, and 
that the results have been ver>’ good indeed. | 

The formation of colloids by the electric pul- j 
verisation of metals is exhaustively discussed ' 
and a great number of illustrations of apparatus 
and particulars are given. At the end of this 
portion of the book is a very complete biblio- 
graphy of work that has been done on the subject. 

The latter part of the book is devoted to a 
treatise upon the formation of dispersed systems 
in liquids and in solids This chapter is full of 
the most interesting material. Chemical le- 
actions, gold sols, Faraday’s experiments, silvci 
sols, silver mirrors, experiments of early investi- 
gators, the preparation of ruby glass, and 
kindred subjects are touched upon, ending with 
bibliography. The book concludes with a name 
and subject matter index* 

' shall look forward wdth very great interest 

to the succeeding numbers of this valuable senes 
of monographs. 

Priestley in America j 1794 — 1S04, By EDGAR 

F. Smith, University of Pennsylvania. 
Philadelphia : P. Blakiston’s Son & Co. 
Price $1.50. 

The author has collected together a fund of in- 
teresting notes connected wdth the emigration of 
Priestley to America, his reception in that country, 
wpck he did during the period between 
arid 1804. The value of the presence of 
Priestley seems to have been very fully recognised 
by the chemists of that country and his teaching 
had undoubtedly a great effect on the develop- 
ment of chemistry in the young Republic. The 
ajthor has collected a great deal of matter from 
contemporary newspapers, documents, and books, 
and has endeavoured to weave the whole into a 
connected sketch. A great number of Priestley’s 
original letters are reproduced, w^hich are of deep 
interest not only to the American reader, but to 
chemists in general. 

Priestley’s fame as a chemist and also as a 
preacher appears to have been very greatly appre- 
ciated at time* Some of the new*spaper 
clippings show what that strange power, the news- 
paper world in those early days, thought of the 
Rev. Dr. Joseph Priestley. An account was given 
of a meeting at Columbian Tavern on March 27, 
1797, in commemoration of his birth, where it is 
recorded that a number of toasts were given, from 
which we reproduce the following : 

^‘That illustrious Christian philosopher, Joseph 
Priestley. May the world be grateful to him for 
his services, as his services are beneficial to the 
world, 

“Truth — may the splendour of her charms dissi- 
pate the gloom of superstition and expel hypocrisy 
from the heart of man.” ' ^ 

“White-robed Charity — may she accompany us 
in all our steps and cover us with a mantle of 
love,” . ; 

The writer concludes that it *-was “a feast of 
reason. The purest; philanthropy dignified the 
conversation, rind . moderation and temperance 
bounded every effusKm of the heart.” 
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Although strong appeals were made by 
Priestley’s friends that he should return to Eng- 
land, he determined to remain in the land of his 
exile. He continued working to the end, and it 
is reported that he was in the ven^ act of correct- 
ing the proofs of one of his papers when he died 
on February 6, 1804. 

Those who realise the work that Priestley did in 
those early days of chemi5.try will undoubtedly 
take pleasure in the many instances recorded of 
the whole-hearted and simple manner in which he 
: worked. 

Philosophy and the New Physics : An Essay on 
the Relativity Theory and the Theory of 
Quanta, B3 Louis ROUGIER. Authorised 
translation from the authors corrected text 
of ‘'La materialisation de I’Energic,” bv 
MortoH Masius, M.A , Ph.D. Philadelphia: 
P. Blakiston’s Son & Co. Price $1.75* 

The author in his preface suggests that physi- 
cists as a rule are occupied too much with their 
special field to give much attention to matters 
of more general philosophical interest, and few 
philosophers possess the knowledge of science re- 
quired for discussing and criticising fruitfully the 
work of the physicist, and he states that the book 
marks a measurable advance toward a confluence 
of the broad streams of philosophical and scien- 
tific enquiry. 

The first chapter is devoted to the dualism of 
matter and energy, and after a brief introduction 
deals with the difficulties of the dualistic theory 
and concludes with a chapter on the inefficiency 
of Ostwald’s energetice and the experimental dis- 
covery of the inertia of energy. Some chapters 
are devoted to electro-magnetic dynamics and the 
weight and structure of energy, and the author 
discourses on the dematerialisation of matter and 
the materialisation of energy. 

In a chapter on radio-activity and atomic de- 
gradation of the elements, there is an interesting 
account of the discovery of radio-activity that is 
of very great value on account of the brevity and 
great accuracy with whidh it is given. 

It is stated that the glass walls of a Crookes’ 
tube were found to emit X-rays, and soon after 
this discovery M. Poincare suggested that inas- 
much as the phenomena of emission and phosphor- 
escence are inter-related, a phosphorescent sub- 
stance should emit X-rays. This led to the dis- 
covery by M. Becquerel of the radio-activity of 
the salts of uranium and finally tn the discover^'" 
by Madame Curie of the elementary substance 
radium. 

The book, although small, is of very consider- 
able interest at the present time, and the biblio- 
graphy at the end add^ much to its usefulness. 

Introduction to General Chemistry ; An Exposi- 
tion of the Principles of Modern Chemistry, 
By H. COPAGX. Translated by HENRY Leff- 
MANN, A.M., M.D. With 30 illustrations. 
Philadelphia : P. Biakiston’s Son & Go. 
Price $2. 

The translator has done a real service to 
chemists by producing Prof. Copaux^s work in 
English, and its value is greatly enhanced by the 
fact that Prof. Copaux* was in touch with the 
transia,tor while the worjk was in progress atid 
suggested changes in phra^iogy that add 
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to the lucidity of the text. 

The book opens with an introduction giving the 
idea of the elements and the law of the conserva- 
tion of matter. The atomic theory, chemical 
formulae, inter-relation oi the elements, proper- 
ties and theories of solutions in chemical affinity 
are dealt with. A very good chapter is devoted 
to the atomic weights of the radio-active elements 
and Moseley's table of atomic numbers is dis- 
cussed. 

A large number of diagrams are given and aii 
appendix at the end of the book deals with the 
structure of crystals and a contribution by the 
translator on hydrogen ion concentration. 


CORRESPONDENCE. 

BLINDED SOLDIERS’ & SAILORS’ HOSTEL. 

To the Editor of the Chemical News. 

Sir, — A t this moment of my own and my mother’s 
deep personal loss, I feel sure that I am voicing 
what would have been my father’s wishes in ask- 
ing that the public who have so fully and gener- 
ously supported his unceasing work for St, Dun- 
Stan’s and the National Institute for the Blind, 
should continue to help that work in every pos- 
sible way. 

My fatiier’s deepest concern was that the public 
should regard his work for the hWI not merely 
as a personal effort of his own> but as a National 
Trusteeship placed in his hands by the people of 
the Empire. 

I ask, therefore, in his name, that all present 
and projected activities to raise the much-needed 
funds for the work to which my father devoted 
his life should continue, without ceasing for a 
moment. I am sure that he would have wished 
this. — I am, &c., 

. Neville A. Pearson. 

Headquarters of St. Dunstan's Work, 

^ Inner Circle, Event's Park, N,W.i. 


ENGLISH IN LATVIA. 

To the Editor of the Chemical News. 

Sir, — The Biitish public wdll be interested to hear 
that Latvia, one of the new Baltic States, has 
decided to make English the first foreign lan- 
guage to be taught in its University and schools. 
English and English ideals will, therefore, hence- 
forth take a very important place in the education 
of this new State, with wjiich our country has very 
close and other relations. 

But the teaching of English is sadly hindered by 
the dearth of good books in our language, and the 
purchase of these at the present time by the Letts 
is impossible owing to the very adverse rate of 
exchange. The want which this condition of 
things reveals is one, however, which could easily 
be supplied, at very little cost to itself, by the 
British public, whi^ now has a great opportunity 
to befriend a nation which has suffered much 
through the war and which earnestly desires to 
draw closer the ties of its friendship with Great 
BHtain. There must be scores, bay hundreds, of 


thousands of books — standard works in our lan- 
guage, disused school books, useful in the teach- 
ing of English, as also scientific, engineering, and 
other professional works — for which their owners 
no longer have any use. It is for gifts of such 
books, as well as any others which can be spared, 
that I now appeal 

My appeal has the support of the following ; 
Prof. Gilbert Murray, Sir Richard Gregory, Brig - 
General A. Burt (late British Military Commis- 
sioner to the Baltic States), Mr. G. S. Tallents, 
C.B. (late British Commissioner in Latvia), Dr. 
Hagberg Wright (Hon. Secretary, Friends of Lat- 
via), Mr." J. F. Green, M.P., and Mr. H. C. 
Woolmer. At their invitation Sir Alfred Davies, 
who so successfully organised the supply of edu- 
cational books to our British and Colonial 
prisoners during the war, has kindly 
direct the arrangements for ' 

his former coadjutoj^^ ft W. 

M.B.E., will give his seWices as Hon. Librarian. 

May I, therefore, ask all who can spare, from 
their shelves, English books will, without delay, 
forward them to Sir Alfred T Davies, K.B.E., 
C.B., c/o The Consul-General for Latvia, 329, 
High Holbom, London, W.C.i. I should like to 
be in a position, on behalf of the citizens of this 
country, to make a New Year gift to Latvia of at 
least 50,000 volumes. ^I am, &c., 

- John Baddelev, 

. Lord Mayor gf .London. 

Mansion Hot^, " , 1 1 I ^ S f S , 


BOOKS J^CEIVED. 

“Laboratory Exercises in Applied Chemistry for 
Students in Technical Schools and Universi- 
ties.” By Dr. WiLHELM Moldenhauer. 
Authorised translation by Lawrence Br.ad- 
SHAW, D.Sc., Ph.D. Pp. vi. +236, with 36 
Illustrations. 1921. London : Constable & Co* 
Price I2S. 6d. , . . 

“Elementary Chemical Microscopy.” By Eraulrij 
Monnin Chamot, B.S., Ph.D. Second 
Edition, partly rewritten and enlarged. Pp. 

XV. -1-476. New York: John Wiley & Sons 
Price 253. 

“Rays of Positive Electricity and their x-Vpplica- 
tion to Chemical Analysis.” By SIR J. J. 
Thomson^ O.M., F.R.S. Second Edition, with 
Illustrations. Pp. X.+237. London: Long- 
mans, Green & Co. Price iGs. 

“Chemical Reactions and their Equations : A J 
Guide and Reference Book for Students of ^ 
Chemistry.” By INGO W. D. Hackh, Ph.C., 
A.B. Pp. viii. + i38. Philadelphia: P. 

Blakiston’s Son & Co. Price $1,75. 

“The Manufacture and Uses of Explosives.” By s 
R. C. Farmer, with Foreword by SiR Robert - 
Robertson, K.B.E., F.R.S. Pp. viiL + ii6. 
London ; Sir Isaac Pitman <& Sons, Ltd. Price 

2 S. 6d 

“Oils, Fats, and Fuels.’** By Thomas Hull. 
Pp. viii.-fi43. 1921. London: Blackie & 
Sons; Glasgow and Bombay, Price 3s. 6d. 
‘introduction to General Chemistry : An Ex- 
position of the Principles of Modern Chemis- ^ 
try,” By H. COPAUX, Translated by HENRY ; 
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Leffmann, M.A., M.D. Pp. x. + iqs, with 30 
illustrations. Philadelphia : P. Blakiston’s 
Son & Co, Price $2. 

“Philosophy and the New Physics: an Essay on 
Relativity and the Theory of Quanta,” By 
Louis Rougier. Authorised translation by 
Morton Masius, M.A., Ph.D Pp, xv. + isg. 
Philadelphia ; P. Blackiston's Son 8c Co. 
Price $ 1 - 75 ’ 

‘‘Priestley in America, 1794 — 1804.” By Edgar 
F. Smith. Pp. 173. Philadelphia: P. 
Blakiston’s Son & Co, Price $1.50. 

“Fuel and Lubricating Oils for Diesel Engines.” 
By W. SCHENKER. Pp. xii. + ii2. London: 

Constable ^ Co. Price los, net. 

“Year-Book of Pharmacy — comprising Abstracts 
of Papers relating to Pharmacy, Materia 
Medica, and Chemistry.” With Translations 
of the British Pharmaceutical Conference. Pp. 
418. London : J. & A. Churchill. 

“A Text-book of Inorganic Chemistry.” By A. 

F. Holleman, Ph.D., F.R.A. (Amst.). Issued 
{ in English in co-operation with Hermon 
Charles Cooper. Sixth English Edition, re- 
vised. Pp. viii+527. London ; Chapman 
Chapman & Hall, Ltd. New York : John 
Wiley & Sons. Price gs 

“The Emission of Electricity from Hot Bodies ” 
By O. W. Richardson, F.R.S. Second 
Edition. Pp. viii. 4-320. London : Longmans, 
Green & Co. Price i6s. 


NOTES. 


The Library of the Chemical Society will be 
closed for the Christmas holidays at x p.m. on 
Friday, December 23, and will reopen at 10 a.m. 
on Thursday, December 2g. 


Royal Institution.— The following are the lec- 
ture arrangements at the Royal Institution before 
Easter. Prof. J. A. Fleming — six lectures 
adapted to a juvenile auditory on “Electric Waves 
and Wireless Telephony,” beginning on Thurs- 
day, December 29, on “Surface Waves on 
Liquids,” followed by “Waves in Air,” “The Tele- 
phone,” “Electric Oscillations,” “Electric Waves,” 

, T^ejphony , ” 0 n T uesday after- 

noons, (^bhlAenoing on ’January 17, there will be 
two lectures on “Physiology ^ as Applied to Agri- 
culture” by Dr. F, H. A. Marshall, three by Prof. 
H H. Turner on “Variable Stars,” five by Sir 
Artnur Keith on “Anthropological Problems of the 
British Empirg,” Series I., Racial Problems in 
Asia and Australasia,” and two by Dr. J^ W- 
Evans on “Earth Movements.” ^ On Thursday 
afternoons Mr. Seton Gordon will give two lec- 
tures on “Mountain Birds of , Scotland and Sea 
Birds and Seals,” Sir Napier Shaw twp on 
“Droughts and Floods,” Prof, A. G. Perkin 
on “Dyeing: Ancient and Modern,” Rrgf. fit- 
Maxwell Lefroy two on the “Menace qj the 
Pest : The Balance of Life in Relat|d 4 Insect 
Pest Control,” Dr. P. Chalmers two on 

“The Cinema as a Zoological Mettoi ” atni Prof. 
A. Hind two on “Landscape Etchers : New and 


Old.” , On will be two lectures 

by Dr. L. de* Sefincouri op “Humourists oi the 
Seventeenth Century,” {1) “Sir Thoinas 
^2) “Thomas Fuller”; two b^^Prof. E* A; 
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on “Masterpieces of Greek Sculpture,” and six by 
Sir Ernest Rutherford on “Radioactivity,” The 
first Friday Evening Discourse will be given on 
January 20 by Sir James Dewar on “Soap Films 
and Molecular Forces.” Succeeding Discourses 
will probably be given by Viscount Burnham, Sir 
Francis Vounghusband, Prof. D. Halliburton, 
Dr. R. S. Watson, Prof. J. Joly, Dr. C. M. Wen- 
>on, Prof, T. R. Merton, Dr. A. P. Laurie, Prof. 
F. G. Donnan, Mr. A. B. Walkley, Sir Ernest 
Rutherfoid, and other gentlemen. 

Manchester Literary .and Philosophical 
Society (Chemical Section). — ^Dr. H. F. Coward, 
F.I.C., has been elected Chairman of the Section 
for the Session 1921-22. At the meeting of the 
Society held on Tuesday, November 29, Prof. 
Horace Lamb, M.A §c.D., F.R.S., Sir Ernest 
Rutherford, M.A., DSc., F.R.S., Sir Arthur 
Schuster, Ph.D., Sc.D., F.R.S., F.RA.S., and 
Prof. G. Elliott Smith, M.A., M D., F.R.S., were 
elected Honorary Members. 

The Journal of ike Society, of Leather Trades 
Chemists for November, 1921, contains an inter- 
esting paper upon the action 'Of formaldehyde 
upon gelatin. The fact that gelatin is rendered 
insoluble by formaldehyde is considered to have 
been first brought into prominence by Ernest O. 
Beckmann in 1894. cThe paper contains a deal of 
interesting information, and the interest in this re- 
action for those engaged in leather technology is 
dealt upon. Formalin-gelatin is practically in- 
soluble in cold water, and only slightly soluble in 
hot water. A long-continued heating in .water re- 
sults in the complete Expulsion of formaldehyde 
and reversiTO to gelatin of the ordinary type. The 
elasticity of a gelatin-gel decreases enormously 
as It absorbs formaiiieiiyde. The product has al- 
most the brittleness of glass, and when i^oken it 
shows a coachoidal fracture. Sudden heating 
causes it to crack ]|ike flass under analogous con- 
ditions. This seems point to a condition of 
strain and it led to an optical examanatitm. The 
result was and the ccmclusion was that 

formalin-gel not under any physical strain 
corresponding to such strain as exfets in "glass. 

Denmark* — The D^ish State Railways .-invite 
tenders for the supply of various pigments; soaps, 
and heavy cbemicnls* The specification enumer- 
ates the following articles (the tons are^firetrk 
tons) : 2 tons of dry lead white in lumps, 4 tons 
red lead, li tons ol zinc whitey^a:^ tons of lamp 
black, ton^ of chestnut brown, i ton of light 
umber, 1*6 tons French yelled ociie,, 80 terns cr>'s- 
tal soda, 10 tons of extra fine whiting, 2 tons 
poiishing powder^ 4? tons of soft green or brown 
soap, and 3 smaller Items of soaps, 2*2 tons of 
denatured spirits of wine for varnish and polish 
manufacture, 4 tons of turp^fitine oil (either 
French or miner^ih kgs. of nitric acid, 32 
long of 27. per cent sulphuric add for use in 

of ammonia (S.G. *963- 
' timers ^ A be in the hands of fhe 

“Magklnafddllng^^f J ^ fkmtor^” T ^ 
3rd Flobr^ B., by Dec. 

29. ^ A tQpy of the: specification and conditions of 
leader forwarded by the Qommercial :$ecr^ary to 
H.M, |^ €^o|Mihagen (in Danish) can be 

seen by ^higdo^ firiqa appll- 

, oF ^Overseas Tr^e 
fibPwl S4K Oneea Westmin^er, 
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Abstract Published this Week 


S.W. I. A copy is also available for firms in the 
provinces unable to arrange for its inspection in 
London, 

Congo. — Notwithstanding the commercial de- 
pression in the Congo, satisfactory' business is being 
obtained by some travellers to that countr\% and if 
the traveller is unsuccessful the reason is often 
to be found in his own unsuitability for dealing 
in that market Such is the conclusion to- be 
drawn from a dispatch on this subject from the 
Acting British Consul at Boma, who finds it neces- 
sary to remind United Kingdom firms of the 
difficulties to be encountered by their travellers 
if the latter speak the English language only, or 
are not fully prepared to quote prices French 
is essential, and Portuguese desirable. The Con- 
sul is prepared to give advice and full informa- 
tion concernmg the merchants in his district to 
United Kingdom commercial travellei*s who, he 
hopes, will not fail to call at the Consulate and 
make use of the assistance he can give. 

The “Abdxjlla” 1922 Almanack. — An “Abdulla” 
Almanack for 1922 has been published by the 
Bond St cigarette specialists of that name. In 
accordance with the usual annual practice of the 
firm, 10,000 copies are offered for sale, at the 
price of is. 6d. for the benefit of the British Red 
Cross Society, Abdulla & Co. bearing the ex- 
penses of production. As the Almanack contains 
twelve coloured illustrations, each specially drawn 
for the publication by a leading artist, there 
should, be iso, difficulty in selling all the copies, 
and the maximum benefit to the Red Cross Society 
should be assured. We h?ve seen a copy of this 
Almancfc. Apart from its philanthropic purjx^se 
which is greatly to be commended, it is a splendid 
production far beyond the usual illustrated alman- 
ack, and Messrs, Abdulla are not only doing 
patriotic service in helplb^’ the Red Cross Society, 
but have given us something that will be a pleas- 
ure to see during the coming year. The printing 
is by the Spencer Press, Ltd , who are to be con- 
gratulated upon the work. 



This List is specially compiled for the Ohtm cal News\>y Messrs 

Rayner & Co , Registered Patent Agents, of 5, Chancery Lane, 

London, W C.2., from whom all information relating to Patents, 

Trade Marks and Designs can be obtained gratuitously. 

Latest Patent AppUcatwns. 

31055— 'Dutt, E. E.— Process for manufacture and extraction of 
titanium dioxide and vanadiumoxide from bauxite ores. 
November 21 

31085— Meter, J. — Method for diffusing and disseminating poisonous 
^ses. November 21 

31087— Moritz, R.— Stirring-device for mechanically-operated sul- 
phate furnaces. November 22 

3124.1— Moritz, R. — Apparatus for measuring acids, etc. November 
22 

31276— Roka, K.— Chlorination of methane, November 22 
Specifications published tins Week. 

J47118 — Gmnstein, N. — Manufacture ot butyric aldehyde and butyl 
alcohol from croton ic aldehyde 

149663 — Verine Chemischer Fabriken in Mannheim.— Manufacture 
of sulphur dioxide by heating sulphates of alkaline earths, 
magnesium, and iron 

171149 — Mooney, F. M — Maaufcictnre of a solution of chromic 
sulphate 

171281 — Howards & Sons. — Manufacture of calcium magnesium and 
lithium acetylsalicylates 

Fohnson, J. Y.— Manirfactare and production of anthra- 
, qn^tone derivatives 


DyeSi .‘•^Patent No. 170155— A new compound and process 

for obtaining Monoazo dyes, has been invented and Patened by F. 
Bayer & Co., of Leverkusen, near Cologne, Germany. Soluble 
chromium compounds of the monoazo dyes from diazotized anthra- 
nilic acid or its derivatives not containing hydroxyl groups and 
B-napthvlamine sulphonic acids, or of those from diazotized 
anthranilic sulphonic acids and B-napththylamme, are obtained by 
boiling the dyes with chromium compounds In an example, 
diazotized anthranilic acid is coupled with s-napthlamiue-y-sulphomc 
acid, the dyestuff salted out, boiled with chromium fluoride and 
water, and the chromium compound salted out; the anthranilic acid 
may be replaced by its chlor — and nitro-derivartives such as CgHa 
(COOH) . (NH>3: Ci = i .2:4, CeH3 fCOOH) (NHa) • (NOa)- 
1:2:5 or 1:2:4; %e 2 : 7-napthylamine sulphonic acid can 
be replaced by 2-napthyIamine di- or tri-sulphonic acids; further 
sulpho anthranilic acids such as CoH^ (COOH) . (NH a) ; (S03H) = 
1.2:5 or 1.2.4 can be coupled with 2-napthylamine. 

Lakes, — Barium, calcium, and aluminium lakes can be prepared 
from the above-described chromium compounds ; the compound of 
the example yields pure reddish-violet lakes fast to water, lime 
and light. 

Messrs. Rayner & Co., will obtain printed copies of the 
published' specifications an4 will forward on post foeefortheoScife^ 
pripe of i/- each. ^ , ;i 
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NOTICES. 


EDITORIAL. — All Literary communications and Books, Chemica 
Apparatus, Ac., fo^ review or notice to be addressed to the 
Editor. 

SUBSCRIRTIONSy £1 X2s. per annum, payable in advance should 
be addressed to the Manager. 

BACK RiniBERS and VOLUMES can be purchased on application 
to he Makagsr 

THE ^ CHEMICAL NEWS. 

97, SllOE" ‘LANEg - LoMOON,. 

AofERTISEMENTS. 

All communications 16r this Department shonld be ad 
dressed to— 

T. G. SCOTT & SON, 

63, Ludgate Hill, Ix>ndon, E C.4. 


UNIVERSITY OF BIRMINGHAM. 


LECTURER AND DEMONSTRATOR IN 
BREWING AND THE BIOCHEMISTRY OF 
FERMENTATION. 


GRADE III. 

^HE Council invites applications for the 

above post. Commencing stipend £300 per annum 
Applications, with^ testimonials, should be sent to the under- 
signed not later than " the l29th December. No special form of 
application is required ^ 

The candidate elected will be required to enter upon 
on the 10th January, 1922. The duties will include the analysis of 
brewing waters, materials, etc.-, which are sent from time to time to 
the De{>artment 

The conditions of appointment for Grade III. and for promotion 
to Grade II. on the University Staff be obtained from 

GEO. H MORLEY, 

Secretary 


^HE Owners of British Patent No. 113086 

entitled : 

“SOAPS AND CLEANSING AGENTS FOR USE IN 
LAUNDRIES” 

desire to dispose of the Patent or to enter into working arrange- 
ments with a firm likely to be interested ... a 

A copy of the Specification and full particulars may be obtained 
from Hertford Record Co Ltd., of Lindsey House, 50, Lincoln s 
Inn Fields, London. W,C.2. 


analytical Chemist has vacancy for 

pupil. Also special courses given in Minerallogy, suitabl, 
for prospectors. Box No. 848, c/o T. G. Scott & Son, K 
Ludgate Hill, Lonaon, E.C.4. 
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line ENTITIES AND LINE DOMAINS 
Part I. 

By F. H. LORING. 

The physical and chemical worlds, if a distinc- 
tion thus be made, cannot be built up entirely of 
atomic entities — electricity, in the electronic sense, 
included. Nor can the atomic ivorld be con- 
structed without something beyond the nuclear 
part of the atom. This something may be summed 
up by the term atomic domain. 

Magnetism and static electi’icity are best com- 
prehended by the scheme of lines of force. ^ 1 ne 
atomic structures are known to be electric 111 
character. Radio-activity reveals clearly the elec- 
trical architecture. Thus there are atoynic nuclei^ 
c^omic domains and lines of force. 

Everyone who has given these matters thought 
must have w’ondered whether the lines of force are 
not themselves incomplete without some sort of 
domain — a kind of line domain. It is true that 
one speaks of a tube of force, but this does not 
exactly involve the domain idea as derived by 
analogy from the atom. These atomic domains 
seem to restrict the interpenetration of those atoms 
adjacent to each other (see W. H. Bragg’s paper 
in the Phil. Mag.j 1920, xl., 169). 

Passing now to the problem of radiation, there I 
is a lack of continuity observed when studying the I 
behaviour of radiant energy and Planck’s univer- 
sal quantum constant known as h has become an 
important factor in formulating radiation pheno- 
mena ; that is to say, it is expressed in bundles of 
kj so to speak, to agree with experiment. Radia- 
tion is not, however, strictly speaking, a process 
that can be^ truly described as atomic. It seems 
to identify itself with lines of force, since Hertz 
waves are nothing other in principle than light 
waves of great length, in which case lines of force 
are in marked evidence when considering the elec- 
trical aspect of the phenomenon. 

A serious difficulty arises in this case; for if 
light isres^tialfe^ tremors transmitted along defi- 
nite of force, has only to examine the 

wave-front some distance from the light source 
to expect to find proof of points of light widely 
spaced. No such effect has been found, although 
experiments have been made with the object of 
detecting such separated quanta or such spaced 
lines in vibration, assuming the line-undulation 
idea to constitute radiation (see in this connection 
Chemical News, 1920, cxx., particular pages 195 
and 196). 

It is true that the Hertz waves are not neces- 
sarily interpreted exactly in this way, for the ortho- 
dox conception of lines of force coming . into 
existence and disappearing again involves mag- 
netically the lines springing from a point and ex- 
panding into larger and larger circles, then con- 
tracting into smaller and smaller circles until 
they cease to exist; but this may be a sort of re- 
sultant effect, as if the lines already existed in 
space in a neutralised state, and when a wave is 
started this neutralisation is destroyed and it 


passes out as if it were an expanding line circle 
of force, whereas the radial line may simply con- 
vey the wave (see Chemical News, 1917, cxvi., 
181). 

Returning to the atomic domain conception, 
this seems to be in harmony with Bohr’s theory 
of the hydrogen atom, in which circumstance the 
domain-size of the atom is defined by the 
radius of the electron orbit, and under conditions 
of great freedom a ver^' large atom should result. 
It will be remembered, moreover, that according 
to the views advanced by Langmuir, in developing 
the octet theory, “the large atomic volumes of the 
alkali metals are due to the volumes occupied by 
single free electrons rather than to a large volume 
of the atom as such.” 

It is, of course, the movement of the 
electron in the atom which is supposed 
to give rise to radiation, and according to 
Bohr’s theory' this takes place when the 
electron passes from an orbit of ^ radius 
A to one of less radius, B the energy given out 
as radiation being in multiples of Planck’s con- 
stant 6^55x10“®^ erg ^second, so that A — B=Av, v 
being the frequency of the radiation. In this 
case the positive nucleus of the atom is the sun, 
as it were, to the planetary system having one 
planet, the electron, in the example of the hydro- 
gen atom. Sommerfeld has accounted for the 
fine-line structure of the hydrogen series lines by 
assuming that the electron describes elliptical 
orbits, as owing to its increase in velocity at the 
times when it passes closer to the nucleus it suffers 
a change in mass according to the theory of rela- 
tivity. At any rate, the positive nucleus of prac- 
tically point magnitude {according to Rutherford) 
serves to anchor the electron. 

in a similar way, that is to say, by analogy, the 
extended line of force may serve to anchor 
domain exterior to it — assuming such a domain. 
If now this domain partakes of the vibration of 
the line and the expanding wave-front involves 
expanding unit-domains, then there need be no 
discontinuity as would be the case if there was no 
line domain. Such a line domain taken as a 
single unit" would be a cone formed round an 
axial line of force. 

So far, so good ; but problems arise. It 
is difficult to conceive all space filled with such 
lines and their domains, , Moreover, it would 
expected that such a complex of lines and their 
domains would in some way be linked up with 
gravitational fields existing round bodies (see 
Chemical News, 1917, cxvi., 181). It is at this 
point that the mathematician has the' advantage 
over those who adhere rather closely to models; 
for the former can proceed to evaluate quantities 
and formulate their action or interaction along 
such lines as agree with experimental results. 
He may not be able to picture what his equations 
I represent in terms of mechanism, but he may 
I nevertheless deduce laws agreeing with experi- 
m 0 £kt. ,The theory of relativity in its extended 
form assigns to space peculiarities usually 
associated with matter; or the geometry of space 
becomes endowed with physical properties. This 
has proved to be a great help in the solution of 
difficult problems. As an example, the following 
from a recent article of mine will serve as an 
illustration. “Passing over considerable ground 
and turning to the culminating achievement of the 


330 


Line Entities and Line Domains. 


‘Chemical News 
. December 23, 1921 


theory in its more extended form . . . the bending 
(or drawing-in, in the sense that converging rail- 
way lines would bring the trains closer together) 
of the course of light in passing close to the sun, 
owing to the concentration of the space-gravita- 
tional field (by analogy, the railway-lines) round 
this massive body (due to the mass-energy of the 
sun, as it might be termed), was clearly fore- 
shadowed quantitatively by a development of the 
theory, and the phenomenon was verified by the 
photographs taken at the last eclipse expedition 
(see Chemical News, 1920, exxi., 277)*. 

(see Chemical News, 1920, cxxi., 277)’’. The fact 
that all bodies fall with the same acceleration in 
a vacuum fits in perfectly with the idea of a field, 
just as a light shunting engine would follow the 
same track-course as a heavy goods-train loco- 
motive, in the foregoing analogy; but examples of 
this kind cannot be pressed to extremes. 

If now the principle underlying relativity be 
grasped, it will be seen that the line domain idea 
can be treated possibly in a similar manner, and 
as a result, the complexity referred to above may 
not involve such a hopeless maze of unresolvable 
entities as to resist mathematical analysis 

It will, therefore, be desirable to review briefly 
the main features of relativity. In the first place, 
the interaction of attracting bodies and their 
relative movements as developed by Newton, in- 
volve by analysis the conception of a fixed back- 
ground of space and time, and so far as the move- 
ments of bodies in what might be termed a self- 
contained system* are concerned, no difficulty 
arises, but problems arose in which the self-con- 
tained idea in the wide sense became inoperative ; 
that is to say, movements -were known which did 
not agree with the older theory. This fact 
brought into prominence the principle known to 
mathematicians : that complex phenomena can be 
resolved into working components each one of 
which obeys an invariant law under the conditions 
specified, and when dealing with such phenomena 
It became necessary to define what is really meant 
by relative effects or relative motions. In this 
newer idea it became necessary to treat all 
observed phenomena as appearing differently to 
different observers if they were in relative move- 
ment with respect to one another; or simplifying 
matters by considering two bodies or systems in 
relative movement implying observers attached to 
each system, the words each other would be sub- 
stituted for oyie another. In short, each system 
in movement had attached to it its own Euclidean 
-space framework of three dimensions. When 
two such frames of reference w’ere in relative 
movement with respect to each other, it became 
necessary to define the observer's view. To do 
this, it became also necessary to show how the two 
systems could be related to each other so that each 
observer could determine consistently the peculiar- 
ities of the system he was observing — the one, 
say, in relative movement with respect to his own. 
This was accomplished by making use of what is 
known as the Lorentz transformation equations. 
These equations are justified, for, by their use 
answers agreeing with experiment were obtained. 

♦This term is used in a restricted sense, as when experiments are 
<»rried out, for example, on a railway train under uniform straigbt- 
Ime movement. To one stationed on the ground a difficulty would 
^se owing to the relative movement. This has been thorough! v 
qesoribed in relativity books and it need not be detailed here. 



Sili'do, however, it 


The question of reality arises when phenomena 
are taken as within themselves individually in- 
variant, but relatively variant to each other 
Events which are simultaneous to an observer in 
may not be simultaneous to another observer in 
movement with respect to the event being ob- 
served. Hitherto the phenomenon was the real 
thing and all observational formulisation of it the 
imaginary (image) part. Now the real invariant 
thing is the law or its formulisation and the 
imaginary (appearance) part is the phenomenon 
as observed; but the real part is the small point- 
time event : the ‘^element’' taken complete enough 
to represent or correspond to the law involved. 

It will be seen that by this method the idea of 
each phenomena (perhaps one should say its 
aspect) when resolved had dts own law and in 
a sense pursued an independent cpiir^ f ptp, 
from some other phenomenQu,, 
would be considered as^ 

Differential or conjoin! i 

due to the obseiver’s point of view, but the pheno- 
menon itself i$ quite independent by analysis, in 
that it, in common with the neighbouring one, 
obeys accurately a common law. Dalton’s la\\ of 
partial iiresbures will serve here ab an example 
‘•This law states that the pressure due to a mix- 
ture of gases is equal to the sum of the pressures 
exerted by each gas singly when confined in the 
same space as that containing the mixture’* to 
ciuote from my “Atomic Theories” (Methuen) p, 

5. Here is a case of the interaction of mixed 
gases without altering the pressure values as ob- 
tained by considering each quantity of gas singly, 
t.e.j as if only one gas existed uhen evaluating 
its contribution to the total pressure. 

Two other examples might be given here. An 
electrostatic field is aa electrostatic field to a 
stationar> observer; but to a relatively moving 
observer it becomes an electromagnetic field. 
Here is one fundamental phenomenon having two 
aspects ; or in terms of invariant law each aspect 
represents the invariant law, which by relative 
and non-relative movement becomes respectively 
magnetic and static fields. Gravity and inertia 
are similarly connected ; each is a fundamental 
“invariant,” but according to circumstance the re- 
sults differ In one extreme centrifugal force is 
apparent, in the other, the “apple falling to the 
earth.” One is an inertial effect, the other is a 
gravitational effect, but these become circumstan- 
tial variations of the same fundamental pheno- 
menon. Inertial mass and gravitational > 
thus become fundamentally identical. * , 

Now before leaving the relativity method of 
analysing effects or phenomena, it will be desir- 
able to mention that the three space co-ordinates 
attached to each system in movement imply also 
time; but the time so implied is in effect the 
displacement of one such system with reference 
to the other ; and along with this displacement the 
idea of space being associated with time (or this 
time) becomes evident. Or, looking at it in 
another wa>, each system has its own time and 
space, time becoming a fourth dimension in the 
system, *1* Moreover, the velocity of light becomes 
the basic factor in harmonising space and time. 
In the relativi ty eq uations the measur ements are^ 

Y* The fundamental measurement is not the interval between two 
points of but between two points of space associated with 

instants of time."— Eddington, 
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all made with a constmit appearing in the calcu-^ 
lation, which is the velocity of light in a vacuum < 
or space free from matter. Why this particular 
velocity? This question w^as raised by Sir Oliver 
Lodge (see Nature^ 1921, evil., 716, 74S). For 
instance, what has the velocity of light to do with 
the increased mass of the planet Mercury when it 
sweeps round the sun at its closest approach to this 
body; i.e.^ when it moves fastest? We know that 
by introducing the relativity equations and cal- 
culating the increased mass the orbit would be 
slightly expanded at the perihelion, and, as a 
consequence, in one hundred years the orbit will 
have advanced, or rather, turned through an angle 
of 43 seconds, after allowance has been made for 
the perturbing effect of the other planets during 
the century interval. 

Here is a purely mechanical problem, 
apparently, \et the velocity of light is an electro- 
magnetic movement. The answer is that all our 
mechanics when fundamentally analysed in the 
ultimate sense involve electrical phenomena, or 
conversely, all electrical iihenomena proiDerly 
analysed are resolvable into mechanical effects, 
but the mechanics is the mechanics of Einstein. 

Not only do we construct all the elements’ atoms 
out of positive and negative electrons, but we ex- 
tend their fundamental characteristics to space 
Itself, so that radiation becomes a sort of counter- 
part to the atomic system, only drawn out linearly 
and expanded spacially instead of functioning in 
a circulatoiy manner. 

This brings one now to the line-domain concep- 1 
tion, for here in a sense is an actual framew’ork, I 
as it were, extending from points, from atoms say, 
and this somewhat resembles the fourth dimension 
figure given in the Chemical News, 1931, cxxiii., 
218. Treated in a relativity sense, this becomes 
a physical frame of reference attached to each 
moving body — to each atom or atom part — so that 
is curved in the Einstein sense if equi- 
^|]!otential planes (curved surfaces) are taken across 
the line domains (see Chemical News, 1917, cxvi., 
i8i). In other words, the turvature of space and 
the gravitational field therein (see quotation above 
briefly describing the bending of light) seems com- 
witl^ the idea of expanding line domains 
l^fCHEMICAL 1915? cxii,, particular page 

so Effect the lines of force are not of 

' uniform section; and, that which is here considered 
an important feature, the continuity of the wave- 
front, follows apparently as a natural conse- 
quence. 

Considering now photo-electric effect, the 
question might be raised : Can such line domains 
re-concentrate on electrons and account for the 
photo-electric effect which seems to require more 
energy than can be obtained from a point m 
space ? 

It is well to bear in mind that the discussion of 
ideas in the foregoing manner involves omm; m 
philosophical sublet ies, but I venture to sugg^t 
that the idea of line entities and line dotoaains are 
not without suggestive interest. 

Summary, 

By analogy, with atomic domains, involving 
forces which ite be$t ejtpressed as electric line 
fields, there may line domains. ' Such lihe 
domsms considered from the point of view of rela- 
tivity seem to follow as a necessary conseqiMi^ 


and radiation would thus be rendered continuous 
at the wave-front. The question is raised as 
to w’hether such line domains can re-concentrate 
on electrons and thereby account for the energy 
necessary to produce the photo-electric effect? It 
is felt that philosophical difficulties exist in specu- 
lations of this kind, but the ideas in question seem 
suggestive. 

THE ELECTROLYSIS OF AQUEOUS SOLU- 
TIONS OF ALKALINE NITRITES WITH 
LEAD ANODE AND AN ELECTRO-METRIC 
DETERMINATION OF THE CONSTITU- 
TION OF THE COMPLEX ANION 
^ FORMED * 

By F. H, JEFFERY, M.A., Trinity College, Cambridge. 

The experiments described in this paper form pait 
of a series of experiments which deal with the 
passage of electricity during electrolysis from 
various metallic anodes to aqueous solutions of 
sodium nitrite. 

Reactions which take place with a silver anode 
and with a copper anode have been described 
already. 

Silver goes into solution entirely as complex 
anion (AgfNOala)' crystals of Na(Ag(No2)3).|H20 
can be be isolated from the anolyte [Faraday 
Soc. Trans, ^ 1920, xv., 16). 

Copper also goes into solution entirely as com- 
plex anion, this amon is (CulNoa),)^^ derived 
from divalent copper; K2Pb{Cu(NO*)« can be 
isolated from the anolyte and from this 
K4 (Cu(NOs)«). 2H30 can be prepared 1921, 

xvi., 453). 

The follow’ing is a description of that which 
; happens when the anode is of lead ; — 

Arrangement of Afparaius for Electrolysis, 

The cell was a glass dish inside which was a 
porous pot containing the cathode of smooth 
platinum, this latter w’as placed so as not to 
touch the bottom of the pot. The anode was of 
area 50x2 cms.®, it "was bent into a cylindrical 
shape so as to stand on the bottom of the glass 
dish, a glass stirrer turned by a motor revolved 
rapidly close to it. The dish and its contents 
were placed in a large vessel of water, thereby 
maintaining the temperature of the anolyte at 
17® to i8“, 

M^en the electrolysis had to continue for many 
hours, it was necessary to suppress the migration 
of hydroxidion through the cathode pot to the 
anolyte. This was dohe by placing the cathode 
pot inside another porous pot of ab^ut double its 
diameter, the space between the two pots being 
filled with an anolyte solution which had been 
obtained from previous electrolysis. Outside this 
largeir pot was the anolyte w^hiefa \vas being in- 
vestigated. ; 

The sodium niirite used was free from chloride 
and contained per cent pufe NaNO®, the rest 
being sodium nitrate. 

The anolyte sol talons were of various concen- 
trations fein 6*9 grma sodium nitrate per 100 
grm$. water to, S7*b grmfe. soditma nitrite per 100 
. waher. The volume .of the anolyte was 

cb; ^ ‘ - 

Ffuaday Society, Koveroba: aS, 198I. 
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The currents varied from o-ogg amps, to 0*77 
amps. 

Pure lead was used for the anode; Col. C. T. 
Heycock most kindly gave many hundred grms. 
of the metal from a stock of pure material which 
he had prepared for his own use. 

The liquid in the cathode pot was a solution 
of sodium nitrite of the same concentration as 
that used for the anolyte. 

General Effects, 

# For variations of current and of concentration 
of sodium nitrite^ within the limits stated, lead 
was never deposited on the ^ cathode, aldiough 
some of the electrolyses continued during morfe 
than 24 hours. * 

The lead went into solution at the anode, form- 
ing a complex which gave a bright orange colour 
to the anolyte This latter was not at any time 
acid to indicators, nor was any gas evolved at 
the anode. 

The complex lead anion was derived from di- 
valent lead ; sodium hydroxide added ot the ano- 
lyte gave a white precipitate soluble in excess; 
when hydrogen peroxide was added and then 
sodium hydroxide a chocolate precipitate of lead 
peroxide was formed. A solution of sodium sul- 
phate gave a precipitate of lead sulphate. 

A solid forined at the anode and adhered to it, 
but the electrical resistance of the cell was not 
affected appreciably thereby. This solid con- 
sisted of lead nitrite mixed with finely divided 
lead, ,the latter could be isolated easily by means 
of very dilute acetic acid. 

Affaratus for Measuring the Anode Potential 
diiring Electrolysis, 

For these measurements a cadium cell and a 
potentiometer of the “Granta” type by Messrs. 
Pye were used. The normal electrode was 
Ag I AgCl, nKCl I , the diffusion potential was 
suppressed concentrated ammonium nitrate 
solution, the syphon tube connecting this solu- 
tion with the anolyte being filled with sodium 
nitrite solution of the same concentration as that 
used for the anolyte. 

Two normal electrodes were used, each dipping 
into the same ammonium nitrate solution, one of 
these was kept as a standard with which to com- 
pare the other, which was used for the electro- 
motive force measurements. 

The anolyte was stirred continuously during 
all measurements. 

Pure sodium nitrite free from nitiate was used 
for the anolyte and for filling both the porous 
pots. 

The normal electrodes, ammonium nitrate ves- 
sel and electrolytic cell were placed in a thermo- 
stat containing 92 litres of water This was 
heated by gas, delivered at constant pressure 
from a regulator. The regulation of the tem- 
perature was effected by the expansion of alcohol 
contained in a lead pipe 14ft. long and tin dia- 
meter, w^hich was bent into a helix, reaching 
from the bottom of the water to within about g 
cms. of the top. The water was stirred vigor- 
, ously. 

By these means the temperature was main- 
tained at iS® ±0*003®. 

Anode Potential during Electrolysis, 

, The electromotive force of the combination was 


taken ivith the current on and then immediately 
after the current was off ; after each pair ^ of 
measurements the lead anode was washed^ with 
dilute nitric acid and with water and dried. 

The lead anode was the negative pole of the 
combination. 

(i.) An anolyte four times weight normal with 
respect to sodium nitrite containing i‘3g grm. 
of lead per 100 cc. of the solution : — 


Current 

Current on 

Current off, 

m Amps. 

Ag+to Pb. 

Ag+to Pb. 

o*ogg 

0-5451 

0*5481 

0*19 

0-5451 

0*5481 

o*2g 

0-5426 

0*5471 

0*38 

0-5431 

Q- 547 ^ 

0*48 

0-5451 


0*58 

0-5451 - 5 

; 0*5481 

0*67 

0-5421 

0*5481 

0*77 

0-5411 

0*5481 

The mean 

value of E.M.F. current 

544 volts. 



The mean 

value of E.M F. current 




■off was 

0*548 volts. 

Taking the potential of the normal electrode 
at 18® to be 0*5130 volts, the silver being positive 
to the solution, the following results were ob- 
tained : — 

The mean value of anode potential current 
on —0*031 volts. 

The mean value of anode potential current 
off —0*035 volts. 

(ii.) An anolyte four times weight normal with 
lespect to sodium nitrite containing 2*55 grms. of 
lead per 100 cc. of the solution : — 


The 


Current 

E.M.F. in Volts. 
Current on, 

E.M F. in Volts, 
Current off. 

in Amps. 

Ag+toPb. 

Ag+toPb. 

0*099 

0-5350 

0-5375 

O’lg 

0-5325 

0-5375 

0*29 

0-5345 

0-5375 

0*38 

0-5345 

0-5375 

0*48 

0-5345 

0-5375 

0*58 

0-5325 

0-5375 

0*67 

0-5335 

0-5375 

0*77 

0-5315 

0-5365 

I mean 

value of E.M.F. current 

volts. 

; mean 

value of E.M.F. current 


on was 


off was 


anode potential current 
anode potential current 


The 

0*538 volts. 

These results gave 

The mean value of 
on -0*021 volts. 

The mean value of 
off —0*025 volts. 

From these measurements it appears that the 
degree of dissociation of the complex lead anion 
must be very small under these conditions; for 
a wide range of current nitensity the concentra- 
tion of plumbous ion remains constant and low, 
the rate of work involved in the transfer of elec- 
tricity from anode to anolyte in contact with it 
being simply proportional to the current. 

There is no evidence from these two series of 
measurements that more than one species of com- 
plex is formed. 


The Anode Potential during Electrolysis of Solu- 
tions containing both Nitrate arid Nitrite, 

Two series of measurements at 18® were made 
with four times weight normal solutions of 
sodium nitrite to which sodium nitrate had been 
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added. The object was to find whether the anode 
potential would rise and the anode react with the 
NO3 ions present forming plumbous ions in con- 
centration sufficient to give a deposition of lead on 
the cathode. 

(i.) An anolyte four times weight normal with 
respect to sodium nitrite containing 1-50 grms. 
of lead per 100 cc. of the solution, to which were 
added 8*7 grms. of sodium nitrate. 


Current 

E M.F. in Volts, 
Current on, 

E,M.F. in Volt« 
Current off 

in Amps. 

Ag-Hto Pb. 

Ag+to Pb. 

0*099 

0 -S 34 Q 

0*5399 

0*19 

0*5349 

0*5389 

0*29 

0*5349 

0*5399 

0*38 

0*5339 

0*5399 

0*48 

0*5349 

0*5399 

0*58 

0*5349 

0*5399 

0*67 

0 5344 

0*5309 

0*77 

0*5349 

0*5399 


These results show that the anode potential re- 
mained constant for the same range of current 
intensity as that ^ used for nitrite alone, being 
—0*022 volts mth the current on and —0*027 
volts udth the current off. 

(li) An anolyte four times weight normal w’lth 
respect to sodium nitrite containing 2*95 grms. 
of lead per 000 cc. of the solution, to -which 
were added 8*7 grms. of sodium nitrate. 


Current 

E.M F. in Volts, 
Current on, 

E.M.F.m Volts, 
Current off, 

in Amps. 

Ag+to Pb. 

Ag—to Pb. 

0*099 

0*5287 

0*5307 

o* 19 

0*5292 

0*5312 

0*29 

0*5292 

0*5312 

0*38 

0*5292 

0*5312 

0*48 

0*5292 

0*5312 

0*58 

0*5287 

0*5312 

0*67 

0*5287 

0*5312 

0*77 

0*5277 

0*5307 

results 

are similar 

to those in 


anode potential being — o*oi6 volts with the cur- 
rent on and -o*oi8 volts wdth the current off. 
The average rate of work involved in the trans- 
ference of electricity from anode to anolyte in 
contact with it is of the same order as that in 
ti^e previous where no nitrate was 

pMient, |:^portional to the current. 

" The presence of the nitrate does not cause such 
an increase of the concentration of plumbous ion 
at any current intensity as to give a deposition 
of lead on the cathode, 

Deter^nhmtion of the ConstiiMiion of the Comflex 

Anion by Means of Potential Measurements* 

The electromotive force E volts of the com- 
bination Ag I AgCl, nKCl 1 cone solution AmNOa 
I anolyte 1 Pb was measured, the total concen- 
of lead [M] grm. atoms per litre of the anolyte 
solution was small. Representing the complex 
lead anion by Pb;r (NOa)^/ and assuming that the 
law of mass action is applicable to the dissocia- 
tion of the anion 

[Pb.:(NO,y ^KCPb^^CNO^ly 
also -0*029 log [Pb^]c being independent of 
variations of fPb'^], 

Hence — , , 

log 0Pb;.(NO,j.]=log*+;r(^.^)+>JogCNO^'] 


In a series of measurements to find x the con- 
centration of NOa' was kept sensibly constant by 
using a four times weight normal solution of 
sodium nitrite: Experiments already described 
have shown that [Pb^J is very small, hence — 

and log [Pb^{N03 W = log [M] - log 

Equation (i.) therefore gives 

log [M 3 -Iog jr=log k+x (- — log [NOj']. 

\o 029/ 

Hence for a constant value of [NO,^] E is a 
linear function of log [M] and x is given by 
S log [M] X 


8E 0*029 

Hence for such concentrations as satisfy the 
assumptions by means of which the foregoing 
equations have been derived the graph of log 
[M] expressed as a function of E is a straight 
line from which the value of x can be found at 
once. 

The following numbers were obtained, the lead 
anode being carefully cleaned before each 
measurement — 


E. 

Log [M]. 

[MJ 

0*5481 

2*8265 

6-7o6x 10- 

0*ssir 

0*7392 

5-485 

0*5531 

0*6654 

4-628 

0*5560 

0*5473 

3-526 

0*5628 

0*3132 

2 -OS 7 


The straight line through these five points gives 
x^i‘OS 

Hence the complex anion is of the form 
Pb(NO,),. 

A series of measurements were made to find 
v; [M] was maintained constant while [NOa^] 
varied, but [NOa'j was always much greater than 
[_M], under which circumstances the concentra- 
tion of the complex anion remained sensibly con- 
stant. Hence from equation (i.) E must be a 
linear function of log [NO2"] and therefore — 

I 8E 

y= ■ . ... (ii.) 

0*029 S log [NOa '3 

If R ohms be the resistance measured when the 
conductivity cell is filled with one of the sodium 
nitrite solutions to be used, if denote the vis- 
cosity of this solution relative to pure water, if 
R ohms IS the resistance measured when the 

00 

same cell is filled with a very dilute solution of 
sodium nitrite of concentration e grm. formula 

weight per litre of solution, then [NO/] = 
rjR c \ R where the degree of ionisation is 
assumed to be given by the Arrhenius formula. 
Hence — 

log £NO,'] - log (y +logR^ 

and therefore — 

1 te 

yw — ^ . from i^uation (iiy 

Th^ , mettod of analysis is quite general and 
avoids^ the trouble qf* finding the resistance of 
Elutions of great dilution, with the possibility 



334 Electrolysis of Aqueous Solutions of Alkaline Nitrites 


of large error due to hydrolysis. The graphical 
method of finding the partial differential co- 
efficients makes it easy to see whether the limits 
of concentration, for which the equations are 
valid, have been passed. 

The solutions of sodmm nitrite employed for 
finding y were of concentrations 3, 3*5, 4, 4*5, 5 
times weight normal. 

The viscosities relative to water at 18® were 
found by means of a glass viscosimeter shaped 
somewhat as the instrument described by Wash- 
burn [Jour. Am, Chem, Soc.^ 1913, xxxv., 739); 
the capillary was 19*5 cms. long, with internal 
diameter 0*0556 cm. ; the volume of liquid hew- 
ing through the capillary for each experiment 
was approximately 6*7 cc ; the specific gravities 
of the nitrite solutions were found relative to 
water at 18° by means of an Ostwald pykno- 
meter. 


Normality Tune of Flow 

Specific 

Relative 

of Solutiona. 

in Seconds. 

Gravity 

Viscosity Ti' 

water 

1009 



3 

1168 

i'iiSq 

1*2953 

3*5 

1213 

I '1374 

1-3674 

4 

1264 

*•1535 

1-4450 

4*5 

1323 

ri68i 

1 - 53*7 

5 

1378 

*■1837 

i-6i66 


The water used as standard of comparison was 
of conductivity r3QX lo*-* reciprocal ohms; it was 
made from a good distilled water of conductivity 
about 7*8 X 10-* reciprocal ohms by boiling this 
latter briskly at 30° whereby the dissolved car- 
bon dioxide vras eliminated for the more part. 
This method was adopted at the suggestion of 
Col. Heycock. 

The resistances of ike nitrite solutions were 
found bv Whetham’s method, using a post-office 
box, galvanometer, and rotating commutator. 
The box and commutator were by Messrs. Pye. 
The commutator was driven so as to reverse the 
current 1360 times per minute. 


Normality 

Resistance R 

ii) 

of Solutions 

m Ohms 

3 

14-84 

£9409 

3'5 

*3-72 

^*9985 

4 

12*96 

£0473 

4*5 

12*46 

1*0896 

5 

12*06 

1*1273 


The electromotive forces of the combinations 
made from these solutions were measured, when 
each contained the same small total concentra- 
tion of lead. Pure lead nitrite was prepared, 
and, as a preliminaiy series of experiments made 
it seem probable that the value of y was 4, both 
lead nitrite and sodium nitrite were added to 
each solution, for ever>’ grm. formula weight 
PblNOala H3O added to a solution two grm. 
formula iveights. NaNOa ivere also added 


Normality 
of Solutions. 

E M.F. 
m Volts. 


3 

0-5304 

0*94094-2 

3‘5 

0-5376 

o-ggSs 

4 

0-5436 

1-0473 . 

4*5 

0-5484 

1-0896 

5 

0-5554 

1-1273 


If E be plotted as a function of log it 

will be found that the points for the first four 
solutions lie almost exactly on a straight line but 


that the point for the five times normal solution 
lies off this straight line. 

This may be due to an error of experiment ; it 
seems curious that equation (ii) should be valid 
for concentrations of sodium nitrite up to 4*5 
normal hut be inapplicable to the 5 normal solu- 
tion. 

The straight line determined by the first four 
points gives >'=4*04. 

Hence the complex anion is of the form 
Pb(N03)4 for solutions containing a total con- 
centration of lead of the order gxio-* grm atoms 
per litre of solution and for solutions of smaller 
concentration. 

The Solids which can he obtained from the 
Anolytes of Various Con^cen^raUons^'^ 

(i) A 1*5 tim^s weight 

sodium nitrite was used, the electrolysis wat" 
continued until 16 grms. of lead per 100 cc. of 
anolyte went into solution. By evaporation in 
an exhausted desiccator over concentrated sul- 
phuric acid at a temperature of 16° to iS° large 
light orange yellow crystals were obtained 

These had the reactions of a nitrite and of 
lead. The lead was estimated as sulphate. The 
percentage of lead found was 65*19, the calcu- 
lated percentage of lead in PblNOala.HaO is 
65‘3i. 

Hence the crystals were lead nitrite. 

This seems to be a good method of preparing 
pure lead nitrite. 

(ii) A once weight normal solution of sodium 
nitrite w’as used and 8 grms. of lead pei 100 cc. 
of anolyte were put into solution. In this case 
also crystals of the same appearance were ob- 
tained, the temperature during evaporation being 
16° to 18®. The percentage of lead found was 
65 22. Hence these cr>’stals were lead nitrite. 

(iii) A four times weight normal solution of 
sodium nitrite was used and 5 grms of lead per 
100 c. of anolyte were put into solution. The 
temperature during evaporation was 16® to 18®. 
White crystals of sodium nitrite were obtained. 

(iv) A four times weight normal solution of 
sodium nitrite containing 15 grms. of lead per 
100 cc. of anolyte was treated as before, the 
conditions of temperature being the same. Crys- 
tals of sodium nitrite were again obtained. 

An isothermal equilibrium curve could be con- 
structed for the system lead nitrite^-^sodit^; 
nitrite--%vater by taking as abscissse the weiglsts^ 
of sodium nitrite^ per 100 grms. water and as 
ordinates the weights of lead nitrite per 100 
grms. water. The results described in (i) to (iv) 
indicated that the curve might consist of three 
portions, the first portion representing solutions 
in equilibrium with lead nitrite as solid phase, 
the third portion solutions in equilibrium with 
sodium nitrite as solid ^ phase and a middle 
portion lepresenting solution in equilibrium with 
a solid which might be the sodium salt of a lead 
complex. A necessaiy^ condition for this would 
be that this solid phase should be stable at the 
temperature of isothermal evaporation in the pre- 
sence of the_ liquid phase Solutions of the 
follow’ing initial concentrations were evaporated 
in an exhausted disiccator over concentrated 
sulphuric acid at 16® to 18® : — 

{a) 4*5 times weight normal sodium nitrite con- 
taining 33 grms. of lead per 100 cc. of solution. 
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{h) Twice weight normal sodium nitrite with 
i2grms. of lead per loo cc. of solution. 

(^r) Four times weight normal sodium nitrite 
containing 17 grms. of lead per 100 cc. of solu- 
tion. 

In each case crystals were obtained, but these 
were not homogeneous. 

A further experiment was made with an ano- 
lyte four times weight normal with respect to 
sodium nitrite, the sodium nitrite was free from 
nitrate, the electrolysis w^as continued until the 
resulting solution contained 20 grms. of lead per 
IDO cc. This was evaporated isothermally in an 
exhausted desiccator surrounded with ice Crys- 
tals were obtained, but these also were not homo- 
geneous. 

It seems that under the conditions of the ex- 
periments just described no solid phase such as 
Na2(Pb(N02)4) exists in stable equilibrium with 
nitrite solutions containing the plumbo nitrite 
complex. 

The Electrolysis of Solutions of Potassium 
Nitrite, 

It seemed possible that a potassium salt corres- 
ponding with the complex might be easier to iso- 
late in the solid state. A series of experiments 
were made with solutions of potassium nitrite. 
Sticks of this material were used and therefore 
potassium nitrate was present in the solutions. 
The concentrations of the solutions were approxi- 
mately normal, twice normal and four times 
normal by weight. 

Just as with sodium nitrite the lead went into 
solution at the anode forming a comiDlex which 
gave a bright orange colour to the anolyte, no 
gas was evolved at the anode, no trace of metal 
was deposited on the cathode. There seemed no 
reason to suppose that the lead complex in solu- 
tion was other than that already described. 

The Solids Obtained from Potassium Anolytes, 

By evaporation in an exhausted desiccator over 
concentrated sulphuric acid crystals were ob- 
tained ; these were transparent needles often 
four to five centimetres long, of a bright orange 
colour. Their appearance was homogeneous and 
i^uggested either a chemical individual or solid 
solutions. 

When heated they evolved nitric peroxide and 
water; they gave the reactions of a nitrite, of 
lead and of potassium They alw^ays contained 
a nitrate; this was found by acting on an ice- 
cold concentrated solution of the crystals with 
excess of hydrazine sulphate added as a fine 
powder, filtering free from lead sulphate and 
then adding “nitron” acetate solution. 

The results of analysis of various specimens 
of these crystals are tabulated; the lead w^as 
estimated as sulphate, the potassium as sulphate, 
the NO2 by naeans of potassium permanganate, 
the NOa as “nitron” nitrate- The water was not 
estimated. 

In the tables the first columns give the per- 
centages of the metals and. the acid radicals, the 
second columns give these percentages divided by 
the respective formula weights. 

(i) From a normal solution of potassium nitrite 
containing grms. of lea^ per 100 cc. after 
electrolysis : — 


N02 

35*94 

0*781 

Pb 

48*11 

0*232 

K 

13*30 

0*340 

NO3 

1*23 

0*020 


NO. 

36' 5 5 

0*705 

Pb 

47-83 

0*231 

K 

I2*q6 

0*332 

NO3 

1*10 

o*oi8 


[XOJ/[Pb3-3*36 


(11) From a twice normal solution of potassium 
nitrite containing 12*5 grms. of lead per 100 cc. 
after electrolysis — 


[N02]/[Pb]=3-44. 


(ill) F rom a four times normal solution of 
potassium nitrite containing 5 grms. of lead per 
100 cc. after electrolysis — 

[a) First crop of crystals — 

Pb°‘ 46-S t>''0J/[Pb]=3-7O. 

(^) Second crop of crystals taken from mother 
liquor of (*;?) twenty hours later — 

?b°^ St 

U') Third crqj^ of crystals taken from mother 
liquor of {b) twenty hours later — 

Pb°* [NO,3/CPb]=4-96. 

These results show that from solutions containing 
potassium nitrite, potassium nitrate and the 
plumbo nitrite complex a series of solid solu- 
tions can be formed in equilibrium with liquid 
phases. These solids are transparent ciy’stalline 
bodies far less soluble than potassium nitrite and 
lead nitrite. 

There is no evidence that definite chemical 
individuals of the nature of “triple salts” are 
produced. 

Inasmuch as no lead was deposited on the 
cathode nor found in the cathol\i;e during any of 
these electrolyses, the ‘ cationic complex 
(KPbNOa) described by W. K. Le^vis {Dissert j 
Breslau, iqo8) was not formed under the con- 
ditions of these experiments. ^ 

The percentage of NO3 in the crystals ob- 
tained as described above was small An exjjeri- 
ment was made to find \Yhether similar cr>^stals 
could be obtained from a solution containing a 
far higher concentration of potassium nitrate and 
also to test whether the complex derived from a 
sodium nitrite anolyte would behave in the same 
way as one derived from a potassium nitrite 
solution of approximately the same concentration. 

A twice normal solution of sqdium nitrite was 
electrolysed until it contained 12 grms. of lead 
per 100 cc. Potassium nitrate was added to this 
so that every 100 cc of the anolytes dissolved 10 
grms. of the nitrate. 

Cn'stals of precisely similar appearance were 
obtained under the same conditions of evapora- 
tion. Two crops were analysed, the second bemg 
taken from the mother liquor of the first some 


forty hours 

later. 


{a) NO, 

26*90 

0-585 

Pb 

41-46 

0-200 

K 

15-65 

0*400 - 

NO, 

14-79 

0*238 

{b) NO, 

24-74 

o* 53B 

Pb 

40-72 

O' 1 07 

K 

15’ S3 

0'3Q7 

NO, 

17-27 

0*278 

A series of solid solutions 


EN023/[Fb] = 2-92, 


[N023/CPb3 = 2*74. 


The ^^Thermos^^ Flask 

THE “THERMOS” FLASK 
IN THE CHEMICAL LABORATORY. 

By CLAUDE W. BOURLET and WALTER THOMAS. 

It is not, apparently, generalh recognised how 
useful an ordinary Thermos flask may become 
in the laboratory. * 

The Dewar vessel is, of course, universal^ 
employed for the storage of liquefied gases and 
other liquids boiling at low temperatures, or in 
other experirnents where the maintenance of low 
temperatures is desirable. Chemists, however, do 
not appear to have exploited to the full th«. 
power of the vacuum flask of maintaining sub- 
stances at temperatures above the normal. 

This note will endeavour to point. oi;^ . 

cases in which this property 

(1) Reactions 

feratures. — Providing the reaction is hot too 
strongly exothermic, it may be carried out cui*- 
veniently in a Thermos flask or Dewar vorsel. 
The mixture of liquids is heated to the aejiied 
temperature, poured into the insulated chau.bei, 
and left till the reaction is complete. This techni- 
que has been found particularly useful in the oxi- 
dation of organic compounds with KMnO^. The 
same method — with appropriate modification— is 
obviously applicable to solid-liquid reactions If 
gases are evolved, a vent must be provided. 

(2) The separation of emulsions^^ — OiLwater , 
emulsions and similar mixtures are conveniently^ ‘ 
“split” by warming and standing over night in a 
Thermos flask. 

(3) The separation of colloidal and fLoccn'enl 

precipitates, — Flocculent precipitates “settle out” 
much more rapidly at elevated temperato es. 
Similarly, colloidal precipitates BaSOj Pe- 

come granular and easily separable by the same 
treatment. The technique is obvious. 

(4) Colour reactions, — In certain colour tests, 
the Halghen reaction) the colour is orJ/ 

developed at temperatures above normal. In 
this case too, the vacuum flask becomes, a ^reat 
space and labour saver. 

(5) Reactions in gelatinising media, — Occasion- 

ally it is necessary” to carry out reactions in 
media which gelatinise or become extremely vis 
cous at ordinary temperatures. Here again, the 
Thermos flask can replace the more cumbersome 
water-bath with advantage. • 

Finally, it may be pointed put that-r-a| t ^ 
pinch — a portable incubator for bacteriological ^ 
work may be improvised from the ever-useful 
Thermos. 

The Bourlet-Thomas Research Laboratories, 

24, Richborough Road, 

Cncklewood, N.W.a 
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Discussion of Results and Summary. 

The plumbo nitrite complex is (PbiNOs)^)" 
for small concentrations of lead in alkali nitrite 
solutions. The anode potential measurements 
for increasing current make it probable that this 
is the only complex formed; if a second species 
of complex derived from Pb(N02)2 and NOg ions 
were formed, the anode potential should be j 
different from what it is with (Pb(N02)4) for the 1 
same total concentration of lead owfing to i 
difference in degree of dissociation of the com- 
plex anion ; such a difference in the nature of | 
the reaction of the anode would probably be I 
accompanied bv an abrupt change in curvature 
of the anode potential^ — current curve : the 
measurements given above afford no indication 
of such a change. 

The solid in equilibrium with solutions ob- 
tained from anolytes of certain concentrations is 
lead nitrite crystals PbiNOaja.HaO. The colour 
of these crystals is approximately the same as 
that of the solutions from which they are derived, 
it is not that to be expected from, a' consideration 
of the majority of salts derived from divalent 
lead. If, however, the pi umbo-nitrite complex 
maintains its identity in these crystals, their 
colour is that which is probable from their 
origin. 

It seems that a direct way of testing this hypo- 
thesis would be by an X-ray analysis of the crys- 
tals; ^ (JPb(NOaU) group should form a pattern 
regularly reputed in three dimensions relative 
to the cationic Pb atoms its identity being as 
well defined as that of the CO, group in a crystal 
of CaCO#, which latter has been shown by the 
investigations of Prof. W. L. Bragg. 

The solid solutions obtained from aqueous 
solutions containing the ions K, NO*, NO3, and 
the plurabo-nitrite complex are also coloured 
orange but more red than the orage of lead 
nitrite. It may well be that the complex exists 
as a definite atomic group^ m these crystals also. 

Lead forms compounds in which it is divalent 
and others in which it is tetravalent. The com- 
plex formed in these electrolyses is derived only 
from divalent lead. Silver and copper anodes 
also give anionic complexes with NOa ions 
derived in each case from metallic ions of only 
one valency. Nevertheless it is possible for 
electricity to pass from the anode to anolj'te 
with the simultaneous formation of^ complexes 
derived from two species of metallic ions A 
gold anode with nitric acid as anolyte gives au 
example of this {Faraday Soc. Trans, ^ iqiO, xi , 
172) : when the acid is concentrated both auric 
and aurous anionic complexes are formed; belovr 
a certain concentration only auric anions are 
obtained. It is intended to examine the reaction 
of a gold anode with sodium nitrite solutions 
to see if similar effects are^ produced. 

Further experiments are in progress with other 
metals and nitrite solutions. 

I am again much indebted to the Goldsmiths’ 
Reader in Metallurgy, Col. C. T. Heycock, M.A., 
F.R.S The admirable facilities he has given 
me, his continued interest in the course or the 
experiments, increase my gratitude to him for 
the privilege of working in his department. 

Tbe Gcd;d!Maiiths’ Metallurgical Laboratory, 

Cambridge. 


BRITISH CHEMICAL STANDARD 
STEEL “A2.” 

(Analytically Standardised Sample ) 

There is now ready for issue a new sjteel which 
of special value both as a dead mild analytical 
standard very low in impurities, and also a ^‘pure 
Iron” sample for standardising bichi ornate and 
other volumetric solutions 
The analyses have been undertaken as usual by 
a number of experienced chemists both in the 
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United Kingdom and U.S.A. representing the 
following interests : British Government Depart- 
ment; U.S. Bureau of Standards; Referee 
Analysts — Independent ; Railway Analysts — Re- 
presenting users issuing specihcations ; Works 
Analysts — representing makers and users. 

The standard figures are as follows : — 

Carbon Steel **A2.” 


Carbon (combined) 

.. 0-039 

Silicon 

... 0-036 

Sulphur 

... 0‘020 

Phosphorus 

... 0-008 

Manganese . . . . 

... 0-043 

Arsenic 

. , 0-031 

Nickel 

. . o'o6 

Chromium 

0-013 

Copper 

0*065 

Oxygen 

0-04 

Iron (by difference) 

• 99-64 


The standard turnings may be obtained in 500, 
100, or 50-grm. bottles, either direct from Organ- 
ising Headquarters, 3, Wilson Street, Middles- 
borough, or through any of the leading labora- 
tory furnishers at a price just sufficient to cover 
the cost. A certificate giving the names of the 
analysts co-operating, the types of methods used, 
ted a detailed list of the results, will be supplied 
With each bottle. 


A NEW PROCESS FOR HYDROGENATION 
OF ORGANIC COMPOUNDS AND MORE 
ESPECIALLY FATS AND OILS. 

The essential feature of this process invented 
by A. Granichstadten and Dr. E Sittig is the 
employment of a double silicate of magnesium 
and nickel, a compound which gives remarkably 
good results. In hydrogenation with this cata- 
lyser, the oils, even at a temperature of only 
35 to 40° Celsius, acquire an unusual degree of 
whiteness. ^ With most of the known methods, 
the dark oils utilised for alimentary fats must be 
first or subsequently bleached, the oils hydro- 
genated by the new process are perfectly white, 
and. ready for manufacture of alimentary fats- 
Th^ catalysed is prepared by precipitation of 
th^ double silicate so as to obtain as uniform 
a product as possible. Judging from the results 
of experiments, this process will soon occupy a 
high rank amongst those now utilised. Applica- 
tions for patents have already been made in most 
countries, and ih $dine ca$e^ gx2Jxx^^,^JSwrnaLe 
di Ckimica^ October, 1921. 


CHLORINE CELLULOSE. 

The analytic method, given by Cross and Sevan, 
to separate and estimate cellulose in plahtSv 
boiling the fibrous , matter with a diluted solu- 
tion of sodium hydrate, then, aftef washing, 
treating it with gaseous chlorine, and finally wi3i 
a boiling alkaline solution, this method, suitably 
adapted, has passed out of the laboratory into 
industry. The problem was solved by an Italian 
inventor, Beniandino Cataldi, who, after long 
study and experiments, took the first patent in 
IQ 1 5 for a process to manufacture celluiOse with 
humid gaseous chlorine, this being followed Jfe 


two others. In this same ^ear, 1915, a company 
was formed for construction of an experimental 
works on an industrial scale at Polonghera 
(Cuneo), this company being subsequently trans- 
formed into the Societa Anonima Cellulosa, 
Polonghera. A very pure, white cellulose is now 
obtained from poplar wood, more highly appre- 
ciated that that made by the soda process. There 
is a considerable consumption of chlorine, 28 
parts of chlorine per 100 of dry poplar cellulose. 
Manufacturers of electrolytic soda have long 
been looking for new markets for chlorine, and 
the Soc. Elettrochimica Pomilio has now decided 
to construct a plant at their Naples electrolytic 
soda works to produce about 10 metric tons of 
cellulose daily from hemp and Tripolitan 
esparto. Italy now imports about Soo,ooo quin- 
taux of cellulose yearly, for which 250,000 of 
chlorine could be utilised, with the possibility of 
producing about 280,000 of electrolytic soda, thus 
meeting all the home requirements of caustic 
soda. Consequently, adoption of the Cataldi 
process on a large scale would make im^rts of 
cellulose and caustic soda unnecessary. Giortiale 
di Ckimica^ October, 1921. 


CONTRIBUTION TO THE SOLUTION OF 
THE NITROGEN PROBLEM. 

The possibility of recovering a greater proportion 
of the nitrogen in coal is discused by Sig. G. 
Gianoli in the Giornale di Chimica^ who reviews 
the technical difficulties relating to the distilla- 
tion of gas in presence of alkaline chlorides or 
others (Riedel, German patent 298603). 

For this process, in fact, all the plant for gas 
manufacture would have to be radically altered. 
The nitrogen of coal could thus be totally ob- 
tained, it is true, in form of NH4CI, but the ex- 
penses for alterations in gas works and coke 
ovens would be very great. The chlorides and 
hydrochloric acid produced would corrode the 
condensers and the gas itself contain hydro- 
chloric acid detrimental to heating and lighting 
appliances. Then the coke would contain a 
great percentage of mineral matter. The pro- 
cess seems more suitable for poor gas plant. 

To conclude, the question of utilisation of the 
nitric oxide produced in internal combustion 
engines is exaimned. Wittfield considers that 
this could be utilised. This is a new argument 
in favour of complete distillation of fuels such as 
lignite and peat in electric works.— 

November 4. 


I PROCEEDiKGS OF SDCIETiES. 

; ^ 'THE FARADAY SOCIETY. 

At the Annual General Meeting of the Fataday 
; Society held on I^cember 13, the following 
Officers and Cduncil were elected to serve for 
the forthcoming ^earl President — Prof^ Alfred 
W, Porter, F.R.S. Past-Presidents. — Swin- 
burne, ll.InstC,?., FiR.S. ; Sir:E. ?T. Glaze- 
brPdk, KX.B,, F.R.S. ; Sir Robert A. Hadfield, 
Bart- yiee-Presidesnls, — ^W, R. Cooper; FroL 
H. Desch;" Prof. F. G. Donnan, CB.E., 
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F.R.S. : Dr. J. A. Marker, F.R S. ; E. Hatschek; 
Prof. T. M. Lowry, CB.E , F.R.S. ; Dr. G. 
Senter. Treasurer — Robert L. Mond. Council — 
Prof. A. J. Allmand; Dr. H. Bornb.; Cobino 
Johns; Prof. J. R. Partington; C. C. Paterson; 
Dr. J. N. Pring; Prof W. C. McC. Lewis; 
Prof. A. O. Rankine; Dr. E. E. Rideal ; Sir 
Robert Robertson, K.B.E. 

The Annual Report presented at the Meeting 
stated that during the year under review, four 
General Discussions had been held, three of 
them in co-operation with other societies, and 
that reports of the proceedings of these Discus- 
sions had been published and were in consider- 
able demand. 

The work of the Society had greatly expanded 
and an appeal was made for an increased mem- 
bership, without which it would be difficult for 
the Society to keep pace with its increasing aciti- 
vities without a higher subscription. Up to the 
present this has been avoided. 


THE OPTICAL SOCIETY. 


A Mekting of the Optical Society was held at 
the Imperial College of Science and Technology 
on Thursday, December 8, 1921, when the fol- 
lowing papers were read and discussed : — 

'^The Physical Meaning of Sfhetical Aherra- 
iio 7 iP By L, C. Martin. 

Experimental determination of the intensity 
of light near the focus of a lens system showed 
that the ^‘spurious disc” appearance persisted at 
the best visual focus, even in the presence of 
large amounts of aberration. The effect of in- 
creasing aberration is to draw light from the 
central concentration and scatter it in the sur- 
rounding field, and, from measurements of the 
loss, the necessity of restricting the phase resi- 
duals to within A/6 is inferred. Spherical aber- 
ration is found to produce marked asymmetry on 
each side of the focus, a matter of great import- 
ance in seme optical instruments. 

Auto Stroboscope and an Incandescent 
Colour TofP By Dr. F. L. Hopwooo. 

A description w'as given of some novel optical 
phenomena which may be observed when re- 
volving incandescent filaments are viewed. The 
production of a variety of stationary' dark images, 
due to the eclipse of an incandescent wire by an 
adjacent cold wire or opaque object, w*hen both 
are revolving round a common a.xis, was des- 
cribed, and it was shmvn how the phenomena 
might be practically applied to the study of the 
behaviour of a rotating body, by converting such 
a body into an auto stroboscope. 

A demonstration was given of the use of a 
spinning incandescent electric lamp as a colour 
top and for exhibiting after image effects. 

Achromatic One-Radius Doublet EyepiecesP 
By Lieut. -Col. J. W. Gifford. 

Eyepieces both of the Huygenian and the 
Ramsden types have been constructed from pairs 
of one-radius achromatic doublets with external 
plane surfaces to the Hint lenses They compare 
well with the German orthoscopes in definition, 
while the cost of production, since the same 
' radius solves for each . doublet, ^ or in the case 


of the Ramsden throughout, is sensibly less. 
Such eyepieces are adapted either for the tele- 
scope or the microscope. By their use a much 
more perfect achromatism is obtained, and also 
in both of then! a flat field, and in one of them 
a verv extensive flat field, likely to be useful 
in such operations as counting blood corpuscles, 
etc. 


CORRESraDENCE. 

GERMAN REPARATIONS IN KIND. 

To the Editor of the Chemical News, 

Sir, — I enclose for favour of publication a 
of a letter addressed to the ^ Prime Minister; ^ 
the Qth instant by the Council of the Institution 
of Elecrical Engineers, on the subject of ^'Ger- 
man Reparations in Kind” — I am, &c., 

P. F. Rowell, Secretary, 
The Rt. Hon David Lloyd Georoe, O M., 

P.C., etc., First 

Sir, — The Coiiddii of the Institution oF'^Electri- 
cal Engineers have had their attention directed 
to certain public declaiations and Press com- 
munications proposing that the German Repara- 
tion Indemnity should be partly proyide<| 
construction in this country 
and the carrying out of railway eldctrificafifcfenr W 
German contractors ; and having appointed a 
Committee to report to them thereon, desire to 
put before the Government their considei'ed view 
on these proposals as follows : — 

On the general principle of reparations in kind 
they have to remind the Government that at the 
present time when unemployment is so extensive 
any leparations in kind should be of such ^ 
nature that they do not compete w'ith any proi 
ductions in this country involving employment 
on a great scale of labour both skilled and un- 
skilled. 

With regard to the proposals that large 
po\ver stations should be erected and that rail- 
w’ay electrification should be undertaken by Ger- 
man contractors, they desire to make the follow’- 
ing observations. It is possible that the pro- 
posals for the acceptance of German plant on 
account of reparations may have existed from ^ 
hasty impression that such action would 
benefits on this country in the form of cheaper 
transport and pow’er. But if such plant is to 
stand as a contribution tow'ards reparations, its 
value must be debited to the undertakings using 
it. In no other ivay can such value be put to 
the credit of National indebtedness There is, 
therefore, no good reason to suppose that the 
use of German plant obtained in that way w^ould 
result in the users of it being able to give a 
cheaper service than with new equipment of 
British manufacture. 

There are, hoivever, other considerations whicb 
my Council desires to urge. The Electrical in- 
dustry in this country is at the present tim^ 
suffering from a grave lack of employment in 
all its branches, out nevertheless many works 
are being run in the expectation of a trade re- 
vival. Should it be decided to accept Germar 
machinery on a large scale, there is no doubi 



Chemicai, News 1 
December 33, 1921 J 


Notes 


339 


that a large additional amount of unemployment 
would immediately result, and that both the 
work-people and technical staffs at present being 
kept together M^ould be disbanded. Moreover, 
the effect of the acceptance for the public service 
of this country of electrical machinery of German 
manufacture would be a world-wide advertise- 
ment for such goods, and would fatally diminish 
the present prestige of British electrical goods 
with most serious effects on our export markets 
The experience of the war showed the neces 
sity of this country having a large number ol 
highly skilled and trained electrical engineers 
available, and the members of the Institution of 
Electrical Engineers were called upon during the 
war tp undertake work for the national forces 
' the highest skill. 

A proposal which would have the effect of 
crippling many of the most important electrical 
manufacturing concerns and leaving this country 
dependent for electrical services upon German in- 
dustry would result in discouraging the training 
of electrical engineers for what, in wai time, 
is a vital necessity. 

In view’ of the points briefly set out alxive, the 
Council of the Institution of Electrical Engineers 
representing all branches of the Electrical in- 
dustry, desire to urge most strongly on H.M. 
Government the disastrous consequences which 
wpould ensue to the industry if electrical con- 
^‘Struction m this country on an extensive scale 
entrusted to German manufacturers. .Any pos- 
sible immediate advantage anticipated by the pro- 
posers of the scheme of reparation could not 
offset the ruin of those industries in this country 
which are engaged in the manufacture of steam 
turbine plant and heavy electrical machinery', 
both of which had their sole origin in British 
science and inventiveness. 

The Council of the Institution trust that in 
view' of the discussions which have been pub- 
lished, H.M Government will remove the great 
uncertainty which has been created in the indus- 
try by an iumediate statement that such pro- 
' posals w’ill not be entertained. If, however, pro- 
posals of the kind should be considered by the 
Government, my Council ask that they should 
be given, an opportunity of being heard by your- 
self oc file Chancellor of the Exchequer before 
any> ; h ‘ am , ^c. , 

J- S. HIGHFIELD, President 

NOTES. 

Royal Institution.— The Christmas Lectures 
adapted to a juvenile auditory will be delivered 
r>v Prof. J. A. Fleming on “Electric Waves and 
Wireless Telephony’* on the following dates, 
at 3 p.m ; Thursday, Dec. 20, Saturday, Dec. 
31, Tuesday, Jan. 3, 1922, Thursday, Jan. 5, 
Saturday, Jan. 7, Tuesday, Jan. lo. ^ . 

The Journal of the Society of Chemical In- 
dmtry for December 15 reproduced an f Address 
delivered by Mr. G. C. Clayton at the Liv^Tpool 
Section in October last on “Sulphuric Acid 
Manufacture” ; at the conclusion of the Addres? 
a few Words given on future "prospects vyhich 
are so hopeful that we ^ke the lib^y of re- 

. 1 J- ' 


producing them. Prospects, — With regard to 

the future, I am unable to take the pessimistic 
view' that our industry wdll not recover. Dark 
and uncertain as the future appears at the 
moment, we must not lose hold of the^ essentials 
of our success What was the position* before 
the war? Industrially, judged from the stand- 
point of foreign trade, we w’ere apparently in an 
unassailable position ; but it w'as evident then 
that the lethargy engendered by a surfeit of 
prosperity had to be shaken off if w^e were to 
maintain our position. But the fact remains that 
we had achieved that position and held it so 
long for certain very clear and w’ell-understood 
reasons. First, we owed it to our geographical 
position — the clearing house of the old and the 
new’ w’orldb — which made us the trading, banking, 
and carrying nation of the world. Second 1 > , we 
had readily accessible and cheap supplies of coal 
and iron ; withal we were exempt apparently 
fiom the dread possibility of Continental w'ar- 
fare, with no great military commitment.s, and 
w’lth our huge trade, taxation w'as comparatively 
losw But even more important than these, we 
had the solid British character — loyal, persever- 
ing, and conscientious. We were the great 
colonisers of the world; we were in consequence 
constantly opening up new spheres of influence 
which meant new markets for the industries of 
the country, and w’e were able, under humane 
and economic conditions, to produce at costs 
which could compete with those of other coun- 
tries; If w’e are to continue as an industrial 
country, costs of production must come down ; 
but that does not necessarily mean that wages 
must be drastically reduced to below' pre-wrar 
lates, or that the standard of living need be 
lowered. What must be reduced is the cost ol 
. the unit. There must be more production per 
man, and the greater the production the greater 
the efiiciency, and the greater the chance of suc- 
cess. Our industry is of vital importance to 
the country. Its necessity was proved during the 
war; it is equally vital in times of peace. We 
must keep all our industries in the forefrtmt, and 
we must largely depend on our chemists to do 
this, not only in the chemical industry^ but in 
practically every other No up-to-date works 
can afford to be ivithout its chemist, and no 
chemist is of use unless he continues to study 
throughout his life.” 

The British Trai»: Ship. — We have already 
called attention to the project of a floating ex- 
hibition that is to carry British productions to 
the chief business centres of the world. The 
preliminary’ arrangements are progressing rapidly 
and from a budget of particulars just to hand, 
W€ are pleased to learn that the costs of pro- 
duction are so far altered that the promoters 
of the enterprise are able, to reduce charges by 
33i per cent on account of the fall in costs of 
British manufacture. This certainly foreshadows 
a reyivai of trade, and there are many other 
indications pointi^ to this same end, which we 
' sincerely hope will . continue unchecked. 

Hospital Supi^si FmcHASE Board.— T he 
setting up of a Hospital Supplies Purchase 
Board appears among the Tecoimnepdations of 
the New Zealand Hospitals Commi^ion which 
was apjR^nled to inquire into and report upon 

lu 
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proposals to amend the New Zealand Hospitals 
and Charitable Institutions Act of igog. By 
this means it is believed large economies would 
be effected through the buying in bulk of drugs 
and dressings for the whole of the hospitals of 
the Dominion. The Commission recommended 
that this Board should include officials from the 
four base hospitals who have had large ex- 
perience of buying, two business men, and re- 
presentatives of the Health and Mental Hospitals 
Departments. H.M Trade Commissioner in 
New Zealand (Mr, R. Dalton) has informed the 
Department of Overseas Trade that it has been 
definitely decided to establish a purchase board 
on these lines although this has not yet been 
done. It IS probable also that buying agents 
will be appointed in London. 

We have received from the Controller of H.M. 
Stationery Office a copy of the Report of the 
Discussion on the “Physics and Chemistry of 
Colloids” held jointly by the Faraday Society 
and the Physical Society of London. It is a 
well-printed and very fully illustrated pamphlet 
of igo pages, and gives full details of this most 
important contribution to the knowledge of col- 
loidal phvsics and chemistry. Interesting papers 
were contributed by Professors Svedberg, Pauli, 
Hatschek, Sir Robert Robertson, Dr. Morris 
Travers, Sir Herbert Jackson, and many other 
well-known workers in the field. There is an 
appendix dealing with the Proteins and Colloid 
Chemistry by Jacques Loeb, and another on the 
Internal Pressure of Liquids by H. Kneebone 
Tompkins. Copies of the Report are obtainable 
at H.M. Stationery Office, Imperial House, 
Kingsway, price 2s. 6d. net. 

Grants for Scientific Research in Norway. — 
In connection with the proposed establishment of 
funds for scientific research in Norway, H.M. 
Minister at Christiania reports that grants have 
now been made for the following purposes: (i) 
8000 kroner for experiments to be made in con- 
nection with the use of acetylene gas as motor 
fuel ; (2) 24,000 kroner for the purpose of in- 
vestigation in vitamma with special application 
to cod-liver oil; {3) 6000 kroner to examine the 
possibility for employing calcium carbide as a 
basis for further manufacture in Norway. 

The London correspondent of the Manchester 
Guardian Commercial^ in a recent issue says : 
“On good authority I hear that the railway 
managers have decided to make a substantial 
reduction in their charges for goods traffic, and 
that the lower scale will come into operation 
next month. An official announcement will, I 
understand, be made in a few days. Passenger 
fares have also been under consideration, but up 
to the present no decision has been reached, 
according to my information. Within the last 
fortnight representations have been made by a 
number of commercial organisations for a reduc- 
tion of railway charges, and several meetings of 
the managers have been held to consider matters. 
As I mentioned some weeks ago, certain recom- 
mendations were made to the Boards of the 
various companies, but the directors, with divi- 
dends in mind, sent the proposals back to the 
Railway Clearing House for further consideration 
on certain points. These, I understand, have 
now been cleared up, hence the likelihood of 
early reductions.” 
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becomes unstable under others. The prime 
factors which determine external stability are tern- 
perature^ pressure, and chemical evironment. 
For example, some coinpounds which are stable 
in anhydrous surroundings are decomposed in 
presence of water. Calcium carbonate, under 
ordinary conditions, is divided at high tempera- 
tures into carbon dioxide and lime, but heated in 
a steel bomb it not only remains undecomposed, 
but it may even be melted, to form upon cooling 
a crystalline marble. Examples like these might 
be multipled indefintely. As a rule stability 
diminishes with increasing temperature, but is 
favored by increased pressure. We may also 
assume that the more symmetrical an atom or com- 
pound is, the more stable it is likely to be. We 
are dealing now with compounds ; but to the 
evolution of the elements the same general rules 
must apply. 

Now, returning to our main problem, was the 
evolution of the elements a regular progression, 
such as might be represented by a smooth curve or 
a straight line ; or was it irregular and quite 
independent of their order in the scale of atomic 
weights? To answer this question we must try 
to imagine what happened in the development of 
the larger masses, the nebulae and the stars. On 
this subject there is a plausible hypothesis which 
has been favored by many astronomers; namely 
that the nebula at first was relatively cool that 
the temperature gradually rose to that of the hot- 
test star 4 , and then regularly declined to the end 
of the series, the solid planet. A baseou^ mass con- 
tracting under the influence of gravitation^ became 
warmer; at its centre where the pressure was 
greatest, the increasing condensation generated 
still higher degrees of temperature, until a lumin- 
ous nucleus was formed, As condensation went 
on with increasing intensities of pressure, the 
temperature continued to rise until the heat gener- 
ated by compression was less than that lost by 
radiation into space, when cooling began. 
Although this hypothesis, in its crude form, is not 
universally accepted, it nevertheless gives a fair 
conception of that part of the evidence with which 
we are concerned. The process of evolution from 
cool to hot and then to cool again is fairly out- 
lined. The nucleus of the original nebula has its 
modem representative in the Sun. 

In all the foregoing discussion it has been tacitly 
assumed that the nebula from which the solar 
system was developed was similar in all essen- 
tial respects to the planetary nebulae. The latter, 
as shown by their spectra, consist mainly of hydro- 
gen, helium, and nebulium, with slight traces in 
some of them of carbon, nitrogen, and perhaps 
other elements. Nebulium is known only from its 
lines in the spectrum, and its atomic weight has 
been estimated by Fabry and Buisson as 2*7, 
placing it between hydrogen and helium. In any 
further study of relations between the atomic 
weights of the elements, nebulium must be taken 
into account, and perhaps also coronium, so called 
from its lines in the spectrum of the solar corona. 
From Its position in the corona it is assumed to be 
lighter than hydrogen, and so would seem to be 
an even more primitive element. That possi- 
bility cannot be considered here; we must limit 
ourselves to the conditions actually seen in the 
.No 9 * 3 sumption is made as to the pos- 


sible aucestry of the nebular elements They are 
the visible beginnings. 

Now it IS easy to see that in the process of evo- 
lution from nebula to sun an orderly development 
of the elements could hardly have been possible. 
With changing temperatures, changing pressures, 
and changing environments, all the conditions 
required for a regular progression according to 
the order of the atomic weights , were lacking. 
The order actually followed was that of relative » 
stability. In the hotter stars only the most stable 
elements were formed, and naturally in the great- 
est abundance. Calcium (atomic weight 40) ^d 
iron (atomic wright 56) were among the earliest 
to appear, while the others, between helium 
(atomic weight 4) and iron, either came, lato or 
were developed! at' first in smaller 
cooling went on .mor^ 
generated, and 

are presumably present. It is conceivable that 
elements of different stability may have been 
formed simultaneously, one in that part of the 
cooling mass where temperatures and pressures 
were highest, another further aw’ay from the 
centre under less rigorous conditions. This, how- 
ever, is something which cannot be proved. If 
the three nebular elements w^ere the raw material 
from which the other elements w^ere built, their 
relative amounts must have been continually 
changing, and so as each new element appeared 
a new’ environment was established for all that 
followed. How far these changes may have 
affected the evolution of the elements it is impos- 
sible to say, but in the evolution of compounds 
similar conditions would be significant. 

That some of the chemical elements are very 
abundant, and others comparatively scarce, is a 
familiar fact which bears directly upon the theory 
of evolution. Their relative abundance in known 
terrestial matter has been repeatedly computed, by 
several workers and by different methods The 
results agree remarkably well, at least in the 
orders of magnitude as expressed in percentages. 
This order, w^hen we combine the figures for the 
lithosphere, the ocean, and the atmosphere, is as 
follow^s. First, oxygen, then silicon, aluminium, 
iron, calcium, sodium, potassium, hydrogen, and 
titanium, and these ten elements form at least 98 
per cspnt of the whole. Only 2 per cent remains 
for all the other elements, some 80 or more in 
number. (The details of the most recent compu- 
tation of the relative abundance of the elements 
will appear in a joint paper by Dr. H. S. Wash- 
ington and myself, which is in course of prepara- 
tion). 

For present purposes this estimate is obvi<^U^|y\ ; 
defective, for it covers hardly more than a '^in ' 
film on the surface of the Earth and says nothing 
about the Earth’s interior. This objection is 
easily met if we take three facts into considera- 
tion. The Earth behaves like a huge magnet, it 
resembles a huge meteorite, and its mean density 
is double that of the rocks forming its crust. 
From these facts, and other quite minor considera- 
tions which need not be discussed here, we may 
fairly assume that the interior of the Earth con- 
tains a large proportion of metallic iron, and the 
quantity of it needed to give with the crust the 
mean density of the globe can be calculated. 
This has been done by others, and it now appears 
that in the Earth as a whole, iron pre 4 oininates, 
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oxygen and hydrogen fall to subordinate positions 
while the order of the other elements is little 
changed. Probably nickel would appear among 
the first ten elements, but such a change will not 
affect our argument. Ten or eleven elements, ail 
below 5Q in atomic weight, exceed in abundance 
all the others. They are structurally among the 
simplest elements, and therefore, presumably the 
most stable. 

These conclusions may now be applied to the 
hypothesis of evolution. The total amount of 
matter in the original nebula was of course finite ; 
a large part of it was absorbed in building the 
simpler and more stable elements, and only w^hat 
remained was available for the develoijment of 
all the others. This conclusion, I admit, is 
largely speculative, but it is a legitimate interpre- 
tation of evidence. It may be modified by future 
investigations, but it is not likely to be com- 
pletely overthrown. It is possible that the rela- 
tive abundance of the elements may be different 
in different parts of the solar system, but it is not 
probable that any of the higher elements can find 
a place among the first ten. The whole scheme of 
evolution may be figured diagrammatically as a 
series of waves in which the crests represent the 
elements, and the depressions the gap betw’een 
them. In such a series the waves w’ould reach 
their greatest height at iron, and then gradually 
flatten until the end where instability becomes 
most clearly evident. 

Between the evolution of the elements and their 
degradation there is a sharp contrast. The two 
processes do not follow the same path. Uranium 
does not decay to thorium, that to radium, then to 
lead, and so on down the line. ^The same diver- 
gence is shown between the synthesis and decom- 
position of compounds. It would_ be easy, for i 
example, 'to effect a direct synthesis of calcium 
carbonate from its elements ; but to reverse the 
process without the intervention of other sub- 
stances would be extremely difficult. To cite a 
different example, trinitrotulene, the T.N.T. of 
recent warfare, is prepared by the action of nitric 
acid on toluene, a relatively slow operation. On 
the other hand, when T.N.T. decomposes it does 
so instantaneously, and the products are oxides of 
carh^hj methane, water, and free nitrogen 
Something likes this happens in the ' decay of a 
radioactive element, but with a difference; ura- 
nium, thorium or radium decomposes atom by 
atom; T.N.T. flies t© pieces in mass. The one 
process is slow, the other extremely rapid. 

I have already specified the external conditions 
which determine the stability of an element or 
compound, but when we consider the^ atom by 
itself, internal conditions are piore important. 
On the structure of atoms there is not as yet a 
complete agreement, and much remains to be done 
before the problem can be definitely solved. I 
cannot go into this subject in detail, but I may 
take it for granted that the conception of an atom 
as consisting of an electropositive nucleus -atten- 
ded bv a few or many electrons of opposite sign, 
IS well established. In such a structure symmetry 
would be conducive to stability, and any defi- 
ciency in that respect would be unfavorable. For 
a simple element, with few electrons, symmetry 
wouM be most easily attained, for a complex 
element with many elCiCtrons it would fhe . more 
difficult. Furthermore, an atom to be stable must- 


show an exact balance between the electroposi- 
tive and electronegative charges. With a single 
ring or shell of electrons the force of attraction 
holding nucleus and electrons together should be 
strongest; with concentric rings of electrons the 
outer ones would be more loosely held, and the 
atomic structure should be weaker. This seems 
to be the case with uranium and its neighbours. 
Here the structures are the most complex, and the 
number of electrons greatest. In short, the 
conditions, internal and external, which determine 
stability are by no means simple, and some of 
them operate in opposite directions. They all 
agree, however, in favouring the evolution of the 
simpler elements and so render the fact of their 
greater abundance more intelligible. 

When an atom of uranium decays, an alfka par- 
ticle, which is an atom of helium, is first dis- 
charged, and with a very high velocity. By a 
succession of such discharges a senes of products 
IS generated, each one differing by four units in 
atomic weight from its predecessor. The atomic 
weight of helium is 4. Three of these products, 
omitting intermediate forms, are ionium, radium, 
and an “isotope** of lead. Ionium is isotopic with 
thorium, but not identical with it except in its 
purely chemical relations. The atomic weights 
are not the same. A similiar difference is found 
for the lead derived from radium, which differs 
from normal lead in having an atomic weight 
about a unit lower. The isotope of lead in the 
thorium series differs from the normal by about 
the same amount in the opposite direction. (For 
a discussion of the nature of isotopic lead see 
Clarke Proc, Nat Acad. Sci.j 1918, iv., i8i.) In 
short, the degradation path from uranium, and 
also that from thorium is approximately parallel 
to the path of evolution, but not identical with 
it. The short-lived products of radioactive decay 
might be described as the debris of exploding 
atoms. They do not appear in the ascending 
series of the elements. « 

For the elements below the radioactive group, 
that is, those of the lower aomic weight, some 
evidence of instability has recently been obtained 
Rutherford, by passing swiftly moving alpha rays 
through nitrogen, has observed a slight evolution 
of hydrogen, an indication that hydrogen is a 
constituent of the heavier and more complex ele- 
ment. Oxygen, treated in the same way, yields a 
product of different character, something which 
appears to have an atomic weight near 3. If, 
however, the value should be slightly lower, it 
would have a curioJus significance. Attention has 
already been called to the existence of nehulium, 
to which the atomic weight 2*7 has been provision- 
ally assigned. This is very close to 2.666..., or 
2*/* more precisely. 

Now 2 ^/sX6=i 6, the atomic weight of oxygen, 
a relation which may possibly be experimentally 
verified. If the bombardment of oxygen were 
carried on for a long time it might yield a gas in 
which the spectral line^ of n^ulium could he 
detected ; and if that were done it would be a step 
forward in the study of atoms. I offer the sugges- 
tion with some hesitation, but it seems to be worth 
considering. It affects a number of other 
elements of which the atmnic weights are multi- 
ples of 16. 

By a remarkable series of experiments F. W, 

^ Aston Progress ^ 1920, xv., 212), has 
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obtained evidence which he regards as proof of 
the complexity of the atomic weights as deter- 
mined by chemical methods. Powerful positive I 
rays in a magnetic field were applied to a number ! 
of elements, which then gave what he terms their i 
‘‘mass spectra”. These spectra show lines corres- 
ponding to whole number atomic weights, wdiich 
represent, not the accepted values, but some ! 
higher and some lower. Chlorine gives two such 
lines, corresponding to atomic weights 35 and 37, 
and mercury gives at least six, ranging from 197 
to 204. The last two figures, I may add, are near 
the atomic w^eights of gold and thallium, that‘ of 
mercury being 200.6. These new lines, as fetter- 
preted by Aston, represent isotopes, and '^the 
accepted atomic weights are regarded as mere- 
statistical averages. In othdr words the atomic 
weights known to chemistrj^ relate to mixtures, 
and are not true constants. ’ " ' 

I must here allow myself* to indulge ^a very 
obvious truism. Whenever new phenomena are 
discovered an attempt is made to interpret them, 
and to bring them into relations with other phenol 
mena. But it does not always follow that the .first 
interpretation is the only one possible, nor even 
that it the best. Now it seekns to me conceivable, 
that "the lines of Aston’s niass spectra may really 
belong to decomposition products of the elements, 
jiroduced by the disintegrating effect of the posi- 
tive rays. This conclucion, I think, is more in 
itarmohy' with chemical evidence than the one 
fimt proposfed! It is, furthermore, sustained by 
the fact that the elements of high atomic weight 
seem to show as a rule more lines in their mass 
spectra than those low in the scale. The most 
ccanpiex elements should undergo the largest 
amount of disintegration. If the atomic weights 
as actually detWmined by the best modern 
methods are mere statistical averages of widely 
differing figures, then the elements must be re- 
garded as variable mixtures, and uniformity could 
hardly be expected. •This lack of uniformity 
would extend to all chemical compounds, which 
should vary in composition and also in physical 
properties; all chemical calculations would 
become inexact, and even the spectra of the 
elements would lose much of their significance. 
Chaos would rule instead of order. 

In point of fact the evidence in favor of defi- 
niteness of atomic weight is much better than 
anything vrhich has been adduced to the contrary. 
On that subject I could make a strong argument 
in support of my position ; but I do not care to 
overload this paper with details. In discussing 
the evolution of the elements, and also their 
decay, I must take a pragmatic position and 
assume their integritj. Their evolution follows 
an upward path, with which the downward path of 
decomposition is approximately but not exactly 
parallel. The two paths, however, coalesce in the 
region of hydrogen, nebulium, and helium; and so 
the beginning and the end are the same. That 
hydrogen and helium are the chief constitutents 
of the elements as we know them is possible, as 
Harkins in a long senes of interesting papers has 
attempted to show. I cannot accept all his con- 
clusions as final, although he has at least 
discovered some interesting relations. Nebulium 
should not be left out of account. 

On the mechanism of the process by which the 
elments were built up I have nothing definite to 


say, I can only ask questions. If a heavy atom, 
like that of gold or * mercury, is formed from 
simpler atoms, how are the latter changed ? 
What happens to their nuclei and theii electrons ? 
Is the structure of the carbon atom the same in* 
graphite and in the diamond ? Here the tetra- 
hedral atom which plays so important a part in 
stereochemistry has to be considered. With com- 
pounds these problems become much more 
complicated, that is, if we t^ry^ to e^xplain them 
in terms of atotnic structure. Among ogr^apic cotts- 
pounds wo find isomors and polymers, many 
of them cpntaiu a htmdred or more the 

molecule. How ar^ their electrons rearira||ge<J, 
and 'Vfhat are they doing? .AH these .oompounds,^ 
as Thave alr^eady ^own, are items 
scheme of th^ evolution, of 

S' .4 

vast problem, but iifiy imagination Mas never 
wandered far from evidence and reasonable 
analo^es. Perhaps I have made suggestions 
which may lead others to the discovery of new 
truths. 


A HIGH PRESSURE DUE TO ADSORPTION 
AND THE DENSITY AND VOLUME RELA- 
TIONS OF CHARCOAL.* 

Papers on Surface Energy and Surface Forces. 

By WILLIAM D. HARKINS and D. T. EWINO. 

/. — The Comfressicn of Liquids by Charcoal. 
While working on Problem 108 of the National 
i Research Council in the year 1918, the writers 
discovered an interesting relationship, which is 
that the volume of different liquids adsorbed by 
the same charcoal increases in the same order as 
the percentage compression for a definite high 
pressure — such as twelve thousand atmospheres. 
Thus the charcoal seems to ^ produce the same 
change in the volumes of liquids which penetrate 
it, as is given by a high pressure. In our pre- 
liminary report it was stated that while accurate 
calculations of the pressures which would have td 
be put upon these liquids to give the same per- 
centage compressions, could not be made in the 
absence of data on an incompressible or very 
slightly compressible liquid, it seemed likely that 
the order of magnitude might be represented by ' 
twenty thousand atmospheres in d^^cegs- o# 
ternal pressure of the liquid. {It is obviou^'lSaf^ 
the magnitude of the mean pressure decreases as 
the volume of liquid considered increases.) While 
there is nothing novel in the idea of the existence 
of such powerful adhesional forces at the surface 
of a solid, their experimental demonstration in 
such a direct way is somewhat remarkable, since 
the highest values for the internal pressures of 
liquids thus far experimentally demonstrated are 
34 atmospheres with w^ater at 24*4®, 39*5 atmo- 
spheres for ethyl alcohol at 22-5®, and 72 atmo- 
spheres for ether at 177®. (Donny, Ann. chim. 

^Presented at the Philadelphia meeting of the American Chemical 
Society, September, 19x9. This problem was s^gested to the 
Kafiohal Resedirch Council by the senior author. The data for one 
charcoal with 11 liquids were published in February, 1920 (Harkins 
and Ewing, Proc. Nat, Acad. Scwwcw, 1920, vi., 49-56). The present 
paper is an abstract of a thesis presented to the University of 
Chicago in August, 19x9, by D. T. Ewing, in partial fulfilment of 
the req^ements for the degree of Doctor of Philosophy, Re- 
printed from Journal of the American Chtmical Socie^f August, 1921. 
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Table I. — Affarejit Density and Pore-Volimie Detenmnations for a Stean^- Activated Cocomtt-Shell 


Gas-M ask C harcoal. 

(Charcoal E 602; 

service time 47*2 minutes; — A?; 

=0*058 cc )- 

(Data at 25°). 

1 

2 . 

3. 

4 

5. 

6. 

7 . 

8. 

Ltquid. 

Apparent 

density. 

Pore 

volume 

1 cc 

Per cent 
compressed 
12000 at- 
mospheres,* 

Surface 
tension, 
dynes 
per cm 

Viscosity 

in 

absolute 

units 

y- 

n 

b, 

10^ 

Mercury .. . . 

0*865 

- 


y* 

S 7 'o 




Water 

1-843 

0*534 

20*51 

72 8 

0*0101 

7200 

J 4 

Propyl alcohol 

1*960 

0*559 

22*93 

237 

0*0223 

1062 

76 

Chloroform 

I *992 

0*566 


27*13 

0*0057 

4700 

45 

Benzene 

2*OOS 

0*568 



28*88 

0*0064 

4510 

54 

^ ^-Xylene 

2‘OlS 

0*571 



28*33 

0*0064 

4430 

81 

Petroleum ether *.. 

2*042 

0*579 







CarlK)B disulphide 

2057 

0*580 

25‘75 

31*38 

0*0037 

8480 

34 

Acetone 

2*112 

0*590 

27*0 

23*50 

0*0033 

7120 

44 

Ether 

2 120 

0*592 

30*0 

17*1 

0*0024 

7125 

39 

Pentane ... . 

2*129 

0*593 

More than 
ether 

About 

IS 

0*0024 

6200 

65 


’'‘The solubility of gases in these liquids increases m general with the percentage of compression or the compressibility, but the order 
IS not exactly the same. The values for the density and for the pore volume listed in this table are calculated on the basis of the m- 
correct assumption that the liquids are incompressible. The same values would be obtained if the liquids are ccmpressible but are not 
compressed. The eighth column gives the values of b of van der Waals’ equation. 

Table II . — Af parent Densities of Eight Charcoals in Water, Mercury j and Various Organic Liquids, 


Charcoal. 

Liquid. 

Apparent 

density 

Mean 

apparent 

density. 

Volume of 
carbon 
in 1 cc 
charcoal. 

Volume of 
pores m 

1 cc of 
charcoal. 

Charcoal A . . . .... 

Hg 

0*843 






(Steam activated, coconut shell-charcoal: 

Hg 

0*841 

0*842 



— 

impregnated with copper; service time =42 9 
minutes; — A'z;=o*o52 cc ). 

H,0 

2*112 





— 

H.O 

2 * I 12 

2*1 12 

0*399 

o*6oi 


C.H» 

2*291 

— 

— 

— 


C.H. 

2*298 

3*295 

0*366 

0-643 


Ether 

2*432 





Active carbon No 4 

Ether 

2*422 

2*426 

0-347 

0-653 

Hg 

0*705 





(From anthracite coal and pitch ; service time 

Hg 

0*713 

0*709 

— 

— 

=40*9 minutes; — At; 0*067.). 

H,0 

1*807 

— 

— 


H.,0 

1*800 

I *808 

0*392 

o*6o8 


Ether 

2* 186 

— , 

— 

— 


Ether 

2*172 

2*177 

0-325 

0-675 

Charcoal No. i 

Hg 

0*869 

o*86g 

— 

— 

(Air activated, coconut shell-charcoal; 

H,0 

1*863 

1*863 

0-467 

0-533 

service time 32 minutes; — A7'=o*o53 cc.). 

CeHe 

2*014 

2*014 

0*432 

0-568 


Pet. Eth. 

2*042 

2*042 

0*421 

0*579 


Ether 

2*094 

3*094 

0-414 

0*586 

E621 

Hg 

0*989 

— 

— 


^ (^ir4^ti^ted, coconut shell-charcoal ; service 

Hg 

0*998 

0-995 

— 

— 

: time ^27 ihihutes; — A7;=o*o5i). 

H ,0 

1*832 


— 

— 

H,0 

1*838 

1-835 

0*542 

0-45S 


Ether 

2*023 

— 

— 

— 


Ether 

2*029 

2*026 

0*491 

0*509 

Active carbon No. i ,, 

Hg 

1*177 

— 

— 

— 

(From anthracite coal and pitch; service time 

Hg 

1*172 

1*175 

— 

— 

= ig minutes; “A7;=o*o43 cc.). 

H ,0 

1*936 - 


— 

, — 


H ,0 

1*932 

i '934 

0*609 

0*391 


Ether 

2*076 

— 

— 

— 


Ether 

2*074 

2*075 

0* 566 

0*434 

Active cai'bon No 3 

Hg 

1*488 

— 

— 

— 

(From anthracite coal alone; service time= 

Hg 

1*492 

1*490 

— 

— 

II minutes; — ATr=o*oi8 cc.). 

H*0 

2*8^ 

— 

— 

— 

HaO 

1*873 

1*876 

0*799 

0*201 


Ether 

rgii 

— 

— 

— 


Ether 

1*902 

1*906 

0*781 

0*219 

Laboratory charcoal 

Hg 

0*521 

0*521 

— 

— 

(From beechwood; service time=o*o minutes; 

H,0 

1*644 

1-644 

0*317 

0*683 

— At;=o‘oo4 cc.). 

Ether 

1*665 

1-665 

0-313 

0*687 

Cedar wood ... 

Hg 

0*817 

— 

— 

— 

(Service time =0*0 minutes; --At; = 0*008 cc.). 

Hg 

0*813 

0*815 

— 

— 


H^O 

1*497 

— 

— 

— 


H,0 

1*503 

1*499 

0*544 

0*456 


Ether 

1*504 

1*504 

0*536 

0-464 
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184C, \vi., 167; Berthelot, ihid,^ [3], 1850, 
XXX., 232; Moser, .4;^;/. phys.^ [2], 1877, clx., 138; 
Helmholtz, Ges. Abh,, 1887, lii., 264; Worthing- 
ton, Phil. Trans j [A], 1S92, clxxxiii., 355^ Meyer, 
‘‘Zur Kenntnis des negativen Druckes in Flussig- 
keiten,” Halle, iqii. The heat of adsorption was 
discovered a=> a phenomenon by ‘ Pouillet nearlj 
one hundred years ago {Gilb. Ann.^ 1823, Ixxiii., 
356). The hypothesis that the high heat of ad- 
sorption indicates that it may be convenient to 
look upon adsorbed material as in a compressed 
state, IS also ver\' old. It is discussed in Freund- 
lich’s '‘Kapillarchemie,’' (Leijizig, 1909, p. in) 
However, the work of the present writer gives the 
first direct experimental demonstration of this 
compression, and shows that the magnitude of the 
effect is much greatei than has usually been sup- 
posed). 

Our hypothesis that the compression of the 
liquid is due to a pressure of this o-rder of magni- 
tude at the interface liquid-charcoal, is supported 
by the ver>’ interesting work of Lamb and 
Coolidge (Jour. Amer. them. Soc.^ 1920, xliL, 
1146-70), who approach the subject from an en- ’ 
lirely different experimental standpoint. They 
find that the net heats of adsorption are closely 
proportional to the heats of compression under 
high pressure, which “indicates that the liquids 
are all attracted by the charcoal with substantially 
the same force, and that the net heat of adsorp- 
tion is merely heat of compression. The absolute 
value of this attractive force appears to be about 
37,000 atmospheres when i cc. of liquid is ad- 
sorbed on 10 grms. of charcoal/' Still another 
paper, also published later than our own, comes 
to the conclusion that the volume of a liquid in 
charcoal is different from the volume of the same 
mass of the same liquid in bulk. (A M. 
Williams, Proc. Roy. Soc.j December, 1920, 
xcviii.A., 223-34 The writer has not been able to 
consult this paper, since the number has failed to 
reach any of the Chicago libraries). 

In March, 1920, Cude and Hulett (Jour, Amer. 
Chem. Soc.j 1920, xhi., 391-401; their results 
on benzene are affected bv some factor which 
we have been able to duplicate) published data 
on the volume and density relations of one char- 
coal as obtained with four different liquids. It 
happened that at the time our preliminary paper 
giving data on eleven different liquids had been 
published, and ue were somewhat disturbed to 
find that the agreement betiveen the two sets of 
data was not as perfect as might have been de- 
sired, though the only discrepancy was for the 
single liquid benzene. However, on this account 
the publication of the present paper has been de- 
layed for considerably more than a year. During 
this time Mr. C E. Monroe has repeated a number 
of the determinations, and has extended the in- 
vestigation to other liquids for which the com- 
pressibilities have been determined by Bridgman. 
His results will be published an a separate paper, 
but it may be stated that they agree almost exactly 
with those of the present and also of the prelim- 
inary iiublicaion. 

In the experiments presented here the charcoal 
was outgassed by the use of a mercury condensa- 
tion pump with a large throat and connecting tube 
" {25 mm. in diameter), but it was found necessary 
to constrict the tubes near the charcoal bulb to i 
cm. The apparatus first used was similar to that 
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described by Lembn (Rhys. Rev.j 1919, xiv., 283) 
since we had two sets of this apparatus for work 
on the speed of adsorption of various poison gases. 
However, such an elaborate apparatus is unneces- 
sary for the work on liquids, and a system without 
stopcocks was found to be better for this purpose. 
The outgassing was first conducted at low tem- 
peratures, with a gradual increase to 600®. The 
tubes of charcoal were kept at the latter tempera- 
ture from two to three days, or until the pressure 
registered by the McLeod gauge had fallen to 
o'oooi mm. and had remained as low as this for at 
least six hours. This pressure was deisrnPtined 
while the pump was stilL running, but the tribes' 
of charcoal were ' connected to the mam vacuum 
line cm. in diameter) between the 
the pump. The fieck of the bulK 

hot in the electric furnace. The bulb wai cooled, 
the point dipped under the surface of the hot 
liquid, and broken off, so as to allow the liquid 
to rise into the tube. The tube was weighed at 
intervals, being kept in a thermostat at 20-00°, 
except during the periods it was kept in the 
balance. The surface of the liquid was so ad- 
justed in the thermostat that the lower part of the 
meniscus was exactly at a fine circular graduation 
made on the neck of the tube where it had been 
; constricted to a capillary. After the drift had 
ceased, the final data as recorded, were obtained. 
The character of this drift has been treated by * 
Cude and Hulett, and udll be considered by Mr. 
Monroe, so only the final density data will be pre- 
sented here. 

11 . — Apparent Density and Volume Relations 
oj Charcoal. 

The mo«t closely agreeing data were obtained 
by the use of a steam activated, coconut-shell, gas- 
mask charcoal E 602, which gave a service time 
of 47-2 minutes by the accelerated chloropicrin 
test. On account of the close agreement of the 
three or more density determinations with each 
liquid, in general to ±o*ooi, only the average 
values will be included in Table L, which gives 
the results for this charcoal. The density listed 
in col. 2, and the pore volume given in col, 3, 
are not the real, but only the apparent values, cal- 
culated on the basis that the liquids are incom- 
pressible, or what amounts to the same thing 
this case, that the liquids are not attract 
charcoal sufficiently to cause any compression. 
Since apparently this kind of assumption is not 
justified, the true density and pore volume can be 
calculated only when the correct interpretation 
of the cause of the considerable variation shown 
in the Table, is obtained. 

In order to understand the volume and density 
relations upon which the adsorptive properties of 
charcoal depend, it is important to obtain an idea 
of the stimctural relations of coconut charcoal, in 
so far as the latter can be revealed by the use of 
the microscope. The writers have about 60 micro- 
photographs, with magnifications as high as 2000, 
prepared bv Dr, Rheinhardt Thiessen of the U.S. 
Bureau of Mines, and these have been used in the 
present study of the pore volume relations Un- 
fortimately none of these can be presented here, 
but reference may be made to three micropboto- 
graphs reproduced in an earlier paper by Lamb, 
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Wilson, and Chaney (/. Ind. E^ng. Chem.^ 191Q, 
xi., 420-38), which do not, however, represent all^ 
of the types of structure found. A reference toi, 
their Figs. 7 and 8 (pp, 428 and 429) of their paper?' 
will show that the lumps of charcoal contain many 
pores which are visible at a magnification of 732 
diameters. Those visible at a magnification of 
2000 may be called capillaries or macropores. 
The walls of carbon, which are represented by the 
light portions of the figure, are undoubtedly very 
porous, and contain an enormous number of 
“micropores” which are ultramicroscopic. A 
study of the photographs shows that the mean dia- 
meter of the macropores is about 12 microns (this 
is dependent upon the methods of pro- 
'diiction of the charcoal). The micropores may be 
defined arbitrarily as those whose diameters are 
less than 10-^ cm. (less than 100 millimicrons), 
though vapour-iiressure measurements indicate, in 
so far as they are of an\ value for this purpose, 
that they are mostly of the order of lo-** cm. or 
less, in diameter. , 

Since mercuiy penetrates neither the capillaries 
nor the micropores, the density given in Table I. 
and II., ivith this liquid used* to fill the ‘’voids” 
between the lumps of charcoal, is that of the 
lumps themselves, walls, micropores, and capil- 
laries included, or what is known as the lump or 
“block density.” It ivill be seen that this density 
is close to 0*85 for two of the highly activated 
coconut-shell charcoals, but is considerably higher 
for the slightly activated charcoal E621, for which 
the value is practically rooo. The density of the 
cedar wood charcoal, 0*815, is ver>* nearly the 
same, yet this specimen show's an almost 'zero ser- 
vice time, while beech wood charcoal, also a very 
poor adsorbent, has a block density of only 0*521. 
The activd carbon 4, with a moderately high ser- 
vice time of 4o*Q minutes, has a moderately low* 
density (0*709), and the much less active No, i, 
also made from anthracite coal and pitch, has a 
much higher density (1*175), while the still less 
active carbon No. 3, with the low* service time of 
11 minutes, has a very high density (1*490) (all of 
these data refer to the lump density). 

(To be continued). 


;SOME REFLECTIONS ON LEAD ALLOYS. 

M. Leon Guillet observes that he made a pro- 
found study of lead-thallium alloys, and that the 
formation of the diagram revealed the following 
particulars. 

The iiquidus, and consequently the soiidu^, pre- 
sent a maximum corresponding to the combination 
PbgTl, which enters into solution in lead. 

Now hitherto the two following facts have been 
noted : — 

I. A combination is hard and fragile*, 

* 3. When two metals enter into solution they 
are both malleable or both not so. 
Lead and thallium^ being soft metals, ^hd the com- 
bination entering into solution, it is evident that 
one of these tw*o general principles must fail in 
the case in question. 

Experience has demonstrated that it is the first 
which is w*anting. There is a minimum hardness 
in the combination. The diameters ^of ' the w- 


|ljr€ssions made in Brine 11 ball tests of pure and 
Icombined metals w*ere : — 

i Pb : /f= 3 'Q 5 * Pba’l'l . Tl : ^=4*05. 

^A curious detail must be noted, it being very* 
difficult to polish lead-thallium alloys, they were 
melted in crucibles with a polished aluminium- 
bronze bottom plate. If we add these results to 
the observations made by M. Nicolardot, viz., 
that these tw'o metals do not ha.rden at an ordinary 
temperature but at a ven* low* one, a proof that 
their annealing temperature is below* the ordinary’' 
one, we can see that there is a vert* interesting 
subject for study . — Comfies Rendus^ October 15. 


INDIAN INDUSTRIES. 

The first volume of the Journal of Indian 
Industries and Labour* is now complete with the 
issue of part 4. 

To this part of the Journal, Mr. B.Abdy Collins, 
Director of Industries, Bihar and Orissa, has con- 
tributed an interesting review* of the industrial 
situation m Chota Nagpur and Orissa, touching on 
the natural resources of the tract, which “contains 
nearly all the coal and most of the iron ore 
hitherto located in India, besides other minerals 
such as copper, chromite, mica, limestone, man- 
ganese, monazite, graphite, bauxite, china clay 
and fire clay”. The article includes a survey of 
the great metallurgical w'orks already established, 
ihe schemes in hand for their developpaent, and 
for the institution of new subsidiary* industries. 
The author’s vieivs on the problems of the coal 
trade and railway transport w*ill be of general 
interest, since the difficulties with which the indus- 
tries of his province are faced in this respect are 
by no means confined to Bihar and Onssa. 

Mr. Kale’s article on the economic aspect of the 
boycott of foreign cloth provides much food for 
reflection. A stalwart apostle of the swadeski 
principle, yet he calls attention to the danger of 
diverting labour from mills and factories to hand- 
spinning and hand-weaving The argument for 
the other side is expounded by Mr. K. Sanjiva Rao, 
Textile Expert to the Government of Bihar and 
Orissa, whose note on hand-loom w*eaving in India 
deprecates both on economic and on social grounds 
the strangling of that industry by factory deveiop- 
meht, and propounds a scheme for its revival even 
in the teeth of the large scale ^wer-ioorh mills. 

Much has been said and written in the past 
about the lack of manual skill displayed by the 
average Indian craftsman, and the ^ crying need 
for providing facilities for his technical training. 
Those interested in the subject will do well to read 
Mr, Cove’s article ‘‘Technical Training”, in w*hich 
he cites a number of trades, which are character- 
ized by bad workmanship, due to lack of training. 
His criticisms are pungent, and it is possible that 
some of his cases may be overstated, but lew* will 
chaHenge his conclusions ; coming moreover from 
a practical man who for many years has been in 
intimate contact with the class of labour which is 
the subject of his article, his remarks should no 
I go unheeded. 

Miss Broughtoti’s article on the problem of 

of And Volume j, 4, ipS 

pagefe, Govetoaeai PriBUng, India. 
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industrial fatigue in India deserves the attention 
of all who are in any degree responsible for the 
efficiency of factory administration and the well- 
being of factory labour. Her account of the effect 
on output caused by a shortening of the working 
hours in a well-known English factory will no 
longer come as a surprise to those who have 
studied the physiological side of labour ; but many 
will be interested to hear how by a study of the 
movements involved in certain work, by training 
the workers, improving appliances and exacting 
shorter hours of work with higher wages, an iron 
foiundry increased its weekly output from 3,000 
plugs (the estimated capacity of the plant) to 
20,000 — while another firm, with larger plant, 
found it difficult# to maintain an output of 5,000 
plugs. A striking commentary on the practical 
effect of good ventilation in factories is to be 
found in the graph' which accompanies Miss 
B rough ton*s article. 

To those interested in tanstuffs, particularly in 
the exploration of new tanning materials Mr. 
Das’s article ‘‘Mangrove swamps in the Sunderbans 
Forest Division, a valuable source of tanstuffs” 
will commend itself. The writer recapitulates the 
results of Mr. Pilgrim’s investigation into the 
tanning qualities of various mangroves of these 
tracts,^ and gives in tabular form an account of the 
behaviour of the tanstuffs when utilized experi- 
mentally at the Calcutta Tanning Research 
Institute. 

“The Bengal (Smoke) Commission had been so 
successful that in less than three years it had 
diminished the dense smoke from (Calcutta) 
factory chimneys by over 80 per cent.” This 
statement, made in the House of Lords in 1914, 
speaks for the efficiency of the measures taken 
to reduce the smoke nuisance in Calcutta. Mr. 
Robson has contributed an article to the Journal 
in which he outlines the way in which the Smoke 
Commission grappled with the smoke nusiance in 
Calcutta; his remarks on the reduction of fuel- 
costs due to improved types of furnaces will repay 
reading. The general public too are interested 
in that smoke reduction and control means a 
considerable saving in the laundry bill. 

Mr. Barbour, of the Titaghur Paper Mills, has 
contributed an article on modern paper-making, 
which will be read with interest by persons 
interested in forest exploitation and by paper 
manufacturers generally. He refers to the vicissi- 
tudes of the industry in the past, the difficulties 
that beset it at the present and the steps which he 
advocates to set it on a firm and permanent basis 
for the future. 

The fourth part of the Journal contains also 
among other things a summar>^ in tabular form 
of industrial disputes during the third quarter of 
the current year, summaries of “industrial intelli- 
gence” contributed by each province, miscellan- 
eous notes (which include a note on briquetting 
experiments with Indian charcoal undertaken in 
the United States of America) and an abstract of 
the Bulletins of Indian Industries and Labour 
published during the year 

' Since the issue of the third part of the Journal 
the following ^bulletins have been published : — 

No: 16. — Notes on Indian Piece Goods Trade. 

No. 17, — The Genoa Labour Conference (offi- 
cial correspondence). 


No. 18. — Proceedings of the third Conference of 
Departments of Industries held in Simla on the 
23rd to 26th May, ro2i. 

HIGH TAXATION. 

The F.B.I. and the Chancellor of the 
Exchequer. 

Sir, — I enclose copy of a letter which’ has been 
forwarded to-day to Sir Robert by Col. ^ 0 . C 
Armstrong, the President of the Federation of 
British Industries. 

The mass of evidence collected from the chief 
industrial centres of England, Scotland 
Wales points to the fact that the present 
of taxation is qrippl^l^ ;pf 

facturers to reebver and meiV ^ fbfei^n ’ ’ 

markets, and is stifling the possibility of a trade 
revival, which is so urgent if an alleviation of the 
present unemployment position is to be achieved. 

The Federation feel it their duty to warn the 
Government of the certain consequences that will 
result if taxation on industry is maintained at its 
present high level, and is pressing the Chancellor 
of the Exchequer for a reduction of the Income 
Tax and the abolition of the Corporation Profits 
Tax. — I am, Sir, yours faithfully, 

S. D. Benbow HebberTj 

Director’s Department. 


To The Rt. Hon. Sir Robert S. Horne, C.B.E., 

K.C., M.P. 

Sir. — The Federation of British Industries has 
just concluded its annual investigation into the 
effects of the past year’s taxation, and the views 
of Industrv as to the future. ^ In the course of this 
investigation general meetings were held at 
Sheffield, Nottingham, Bristol, Swansea, Leicester 
Dundee, Edinburgh, Glasgow, Newcastle, 
Northampton, Birmingham, Liverpool, Manches- 
ter, Bradford and Leeds, at which unanimous 
resolutions in the most emphatic terms \vere passed 
demanding the abolition of the Corporation 
Profits Tax and an immediate and substantial 
reduction in the rate of the Income Tax. 

The fall of prices and values during the past 
year has been unprecedented both in extent and ^ 
rapidity, with the result that the effects of 
tion have been felt by industry with peculiar 
severity. 

The capital resources of many industries have 
already been strained to the utmost by the need 
for larger working capital to meet post war 
conditions of production, and the operations of 
Excess Profits Dutv have prevented the accumula- 
tion of reserves sufficient to meet so serious a 
crisis, while enormous local taxation and the 
Corporation Profits Tax still further depleted the 
available resources of Industry during the year. 

Under these circumstances the burden of Income 
Tax at a high rate, assessed upon the average of 
the three years which included the greatest indus- 
trial boom in history, has assumed crushing 
proportions, and many firms have already been 
driven to impair their future productive capacity 
by paying the current years’ taxation out of 
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capital or by loan. 

It is fully realised that high taxation has only 
been one among the many contributory causes of 
the present depression. It is, however, the onb 
one of these causes which can be mitigated prompt- 
ly by the independent action of His Majesty’s 
Government, ^ » 

The chaotic condition of the exchanges, the . 
adverse financial and political conditions prevai’ 
mg in many of our principal markets and the 
general disorganisation of the world’s commercial 
system are all susceptible of remedy, b.it the 
remedy will take time, and most of these factor*- 
will still be in operation to restrict trade and ham- 
'jjer production during the forthcoming year. 

“ tinder these circumstances it was the unanitirort 
opinion of the District General Meetings that any 
attempt to maintain taxation at its present level 
during the forthcoining year must at best seriously 
letard any industrial recovery, and at the worst 
mav involve a permanent diminution in the pro 
ductive capacity of fhe ^otmtry. 

The evidence brdtigtit forward at these meetings 
by speakers from all industries showed thtri the 
present rate of taxation is stifling initiative, post- 
poning development, and crippling the efons of 
manufacturers to recover and extend t»u fj.* ugn 
markets which are now of such vital impntance 
to the welfaie of the country. 

The Federation warned the Goveiniitcnt last 
^ear that Industiy anticipated the mo-it serious 
results from a continuance of high taxation. The 
, meetings of this year afford overwhelming cvi 
dence that this warning was fully justified 
have disclosed the gravest alarm as to tlu* future 
if the present level of taxation is maintained. 

The Federation desire to urge most earnest- 
ly to, consider tTie graVe danger to the ec momic 
position of the country \\hich will be involved by 
disregarding this warning a second time and to 
realise that the question is not now one of nitie 
hardship or even of possible disaster to indiiidual 
firms, but whether the wdiole industrial syscem cf 
the country can possibly withstand any prolonga- 
tion of the strain to which it has been subj^'cted. 

They feel that it is outside their province to 
suggest, to you the means by which a sufficient 
6f taxation could be rendered possible 
They 'wish, fiowever, to place on record their cou* 
fiction that under the present circumstances 
Government activities must be reduced sub- 
stantially below 'their pre-war level. They are 
fully aware that such a reduction will involve the 
sacrifice of many activities admirable in them- 
selves and valuable to the country, but it is in 
ihei r opinion better to face these sacrifices how 
when so doing may averts still more, serious conse- 
quences, than to postpone them to a future date 
when the ruin of Industry and a dwindling 
revenue will force them upon the country, 

^ They trust that the Committee which has 
sitting under the Chairmanship of Sir Eric Geddes 
will be able to suggest tp you economies sufficient 
to enable the necessary reduction in ta]^ation to 
be effected immediately, since they are gonvinced 
that such a reduction would have a psychological 
effect both at home^ and abroad which would be 
of the^ utmefet^ valpq the present moment in 
restoring confi‘d^oe^^ and' enterp^rjse, and indeed 
might of itself alone provide a sufficient ^timulps 
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to stait the revival of trade which is so urgently 
needed. 

They are firmly convinced that a substantial re 
duction of taxation would in a short time so 
increase the general volume of trade as to yield 
a larger revenue than could possibly be hoped 
from its maintenance at a higher lev^. 

The F ederation feel that they would fail in 
their dut>' as the responsible and representative 
organisation of Industry in this countr^^ if they 
iid not use their utmost endeavours to impress 
apon you and upon His Majesty’s Government 
iheir firm conviction that any step, hoivever bold, 
IS preferable to the certain consequences of the 
maintenance of taxation at its present level. — I 
am. Sir, your obedient servant, 

O. C, Armstrong^ President. 

PROCEEDINGS OF SOCIETIES. 

SOCIETY OF GLASS TECHNOLOGY. 

The Forty-Eighth General Meeting of the Society 
of Glass Technology was held in Uniitcrsity Col- 
lege, London, on Wednesday, December 4, 1921, 
at 2,45 p.m,, the President, Dr. Morris W. 
Travers, F.R.S., in the Chair. 

During the forenoon, by the courtesy of the 
Directois, a partv of some 60 members of the 
Society paid a visit to the Charlton works of 
Messrs. United Glass !l^ottle Manufacturers, Ltd.i 
lnnd]i also very ^ kjndly provided. Apart 

I rom . tfie pi|-fired furnaces, chief interest centred 
round thp ro-arm Owen’s automatic bottle-making 
machines, spme of which were turning out nearly 
60 bottles per minute. 

At the afternoqn meeting, the membeirs ^ ex- 
pressed their cordial appreciation of the facilities 
accorded them in a hearty vote of thanks to Mr. 
G. E. Alexander, O.B.E., and his co-directors on 
the Board of Messrs. United Glass Bottle Manu- 
facturers, Ltd. 

The following papers were then given : — 

Suggested Method of Investigating the Vis^ 
cosity of {jlassJ^ By 1 . Masson, N. jF.* Gh-BERT, 
^nd H , Buckley. ^ ^ » 

In' pi'eisentmg this paper, Mr. Gilbert observed 
that few methods were suitable, T*hc one they 
had used was that of dropping a metal sphere, 
usually a ball-bearing, Jn to ‘a viscous substance 
such as syrup, and applying* a modified form of 
Stokes’ law\ Ocular measurement of the rate of 
fall of the metal sphere agreed fairly well with 
the X-ray measurement where the shadow of the 
sphere was projected on to a photographic plate. 
In the case of moUet glass, pilyndum crucibles 
had been found quite satisfactory with’ platinum 
balls. L^ptem slides were shown 
ih‘ illustrating the method. 

Dr. Masson having ailso spoken, the ^resideot 
M r. F. rwym&ry, ahd V. Stott^ took part in 
the dii^cpssion that fallowed. 

^‘Note on Fi^ettesy ' By Verney Stott, B.A. 
(Natkmal Physical Laboratoyi. 

'this imiier was illustrated by lantern slides, the 
arrived at being ; [d) Pipettes should 
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be adjusted for a particular delivery time, and 
when testing pipettes it is important to record both 
the delivery time and capacity; (b) the delivery 
time should be within certain limits as pii>ettes 
are unsatisfactory if the delivery time is too short, 
and also if it is too long; (^:) a definite period 
should be allowed for drainage when graduating, 
testing, and using pipettes. 

The President and Messrs. Towers and A. 
Stevenson contributed to the discussion that fol- 
lowed. 

‘*The Annealing of Glassware and Annealing 
without Pyrometers/' By F. TWYMAN. 

This paper, which was illustrated by^ laiartern 
slides, experiments, and demonstrations/gavc' an 
account of some work done since the reading of a 
paper on “Annealing”, before the Society in 
February, 1917, 1% was based on the assumption 

that so far as the practical annealing of glassware 
was concerned, the problem was simply one of the 
release of strain in a highly viscous liquid. 
There were two difficulties involved in deter- 
mining the annealing temperature of a glass from 
its viscosity. The first is fundamental. If E is 
the modulus of elasticity, T the time of relaxation, 
then the viscosity is ExT. But the time of re- 
lation cannot be determined from the viscosity 
unless at the same time the modulus of elasticity 
be known, and data are not available for the 
modulus of elasticity of glasses at temperatures 
within the annealing range. At the same time, 
glass^ do not enormously vary their moduli of 
efasticity as^the temperature is raised, and a very 
big change of modulus of elasticity would be 
necessary to cause any important difference of 
annealing temperature. The second objection is 
of a practical nature. In determinations of 
annealing temperatures which are obtained by 
means of measurement of viscosity, one requires 
to measure the temperature at wffiich the viscosity 
of the given glass has an observed value. This 
requires a pyrometer, and a small easily con- 
trollable furnace. 

The method proposed removes both these objec- 
tions and is based on Maxwell’s expression for 
the removal of strain in viscous solids. If we de- 
fine the desired state of annealing by saying that 
we require ’ the stresses originally present to be 
reduced in a particular proportion we may write 
as original stress F^ and we then have the propor- 
tion of stress left in the glass at the end of time t 
F t 

Fo r 

T being the time of relaxation. 

If now we can observe, during the process of 
annealing, the proportion of stress left in the 
glass (compared with that present before the pro- 
cess commenced) from time to time, we can stop 
the process when that proportion has arrived at a 
sufficiently small fraction, say i/io or 1/20, and 
nothing further is necessary. In stating the prob- 
lem thus we no longer rely on Maxwell’s law, but 
F 

merely assume that when f(t) does not 

depend on the stress. Now, although we cannot 
conveniently observe the stress F on the objects 
themselves during annealing, we can do some- 
thing nearly as good. A piece of the glass re- 


quired to be annealed (which piece may be of any 
shape and size so long as it is possible to deform 
It elastically by a comfortably perceptible amount) 
is introduced into the furnace among the articles 
to be annealed. It is elastically strained by a 
definite amountj sufficient stress being brought to 
bear to deform it to that extent, and is in this way 
brought to an artificially unannealed state. 
Periodically the stress is removed, and it is 
allow’ed to spring back if it will to its original 
shape. As the temperature of furnace is rai^^, 
a tinae will come when the test piece (JO’CS not 
spring back entirely, and from a reeo-ll of the 
time during which the piece has been kept strajtned 
at a paiticular temperature and the extent to which 
it recovers its original positicm, it would be pos- 
sible if desired, to calculate the time 
tion at the temperature. But for ,p^acti^a|ji|^R 
poses that is mt neqe^ty|il^^ springs 
on release by One-half its originally strained 
amount, we know that it has been half annealed ; 
if to one-tenth it is 90 per cent annealed, and so 
on, and this time is quite independent of whether 
the lehr has been kept at constant temperature 
during the annealing or not. And if the test 
piece deliberately strained is thus annealed, then 
the other objects which have passed through the 
same temperature and were originally strained by 
want of annealing, will become annealed simul- 
taneously to the same degree. 

Several forms of apparatus derived from these 
considerations were described an4 demoastmted. ^ 

A discussion followed in which there took part 
the President, Prof. E. G. Coker, Messrs. E A. 
Coad-Pryor, V. H. Stott, and R. L. Frink. 


CORRESPMDENCE. 

LINE ENTITIES AND LINE DOMAINS. 

To the Editor of the Chemical News. 

Sir, — In my article in last week’s issue I omitted 
to mention that in the equation A’-B^hv^ the 
letters A and B here stand for the energies of the 
“stationary” states, corresponding to the res- 
pective radii They should be designated Aj and 
to distinguish these values from the radii. 

Moreover, in view of the statement I made 
about the velocity of the planet Mercury, I should 
explain that the advance of the perihelion 
due entirely to a change in velocity. Eddington 
in his book “Time, Space and Matter”, remarks 
on this point as follows : “It had already been 
recognised that the change of mass wdth velocity 
may cause an advance of perihelion; but owung 
to the ambiguity of Newton’s law of gravitation 
the discussion was unsatisfactory. It w^as, how- 
ever, clear that the effect w'as too small to account 
tor the motion of perihelion being I or at 

most Einstein’s theor>’ is the only one 

which gives the full amount 3 ^ is the 

velocity of light and v the velocity of the planet. 
“It was suggested by Lodge that this variation of 
mass with velocity might account for the whole 
motion of the orbit of Mercur\% if account were 
taken of the sun’s unknown absolute motion 
through the aether,” but Eddington has pointed 
out that if this were so the other planets would 
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giv^ observable effects, and these do not exist. 
In Einstein's theory the sun’s gravitational field 
has to be taken specially into account, as well as 
the change in velocity. — I am, &c., 

F. H. Loring. 


NOTES. 

Boiler Water and Purification.— The scale- 
producing substances are chiefly calcium and mag- 
nesium bicas^l^a^ calcium sulphate. Three 
periods ' distinguished in the formation of 

soale* viz : (1) precipitation of calcium carbonate; 
<2) that of magnesium carbonate (104°-! 15° C.); 
(3) precipitation of calcium sulphate at 140® C. 
When there is silica in the water, there is a deposit 
after the commencement of lx)iling, of calcium 
silicate in form of a hard layer similar to porce- 
lain and highly insulating even when very thin. 
All methods of chemical purification remove a 
greater or less quantity of scale-producing matter, 
but not the gases. On the other hand, water puri- 
fied by chemical agents has usually too great a 
percentage of alkalinity, and this causes foam, 
involving frequent purging. Thus it is necessary 
to free the water from gas, e.g.j by boiling. 
Water thus treated should be run directly into the 
boiler. If stored in tanks it should be kept out 
of contact with the atmosphere so as not to absorb 
oxygen or carbonic acid. — BuU, Soc^ Chhniqitej 
October 20, 1921. 

A NEW Process for Estimation of Silica.— 
Everyone is acquainted with the difficulties in 
quantitative analysis of silica, tn presence of a 
great excess of alkaline salts. These difficulties 
were very carefully studied by Hildebrand, who 
demonstrated that in spite of two p solubilisations 
in a hydrochloric medium, all the silica w^as not 
obtained, and that the non-precipitate silica was 
not found quantitatively with the alumina in 
analysis. Substituting HClS04Ha he attained 
more precise results. It w^as with a view to find- 
ing a less long process giving better results that 
M. Travers studied a method. He demonstrated 
that it enables a precise estimate of silica to be 
made, in presence both of fluorine and alumina, 
whereas Berzelius’ method gives inferior results. 
*This method is particularly interesting for in re 
search for SiO^ in presence of fluorine. This 
separation is one of the most difficult known. 
The only methods described are based upon that 
of Berzelius, more or less modified. Finally, all 
the silica is obtained in one precipitation. — 
Copiftes Re 7 tdus, October ,24. 

Temperature of Drying Samples. — Some min- 
erals and residues from various manufactures dis- 
engage even after complete dessication at 100® 
C., water in some cases and an oily volatile matter 
in others, when they are heated to^ios^-no® C. 
Consequently different results are given when 
question of fixing the degree of humidity fur" the 
nett dry weight m the invoice, or the percentage 
of merchantable metal in dry matter say con- 
tracts, but at what* temperature ? In some in- 
stances the percentages vary by several units, 
according to the temperature of dessication (water 
Stove at 100® C. or hot air, io5®-no® C.), It ban- 


not be denied that samples should be dried at the 
same temperature both for acceptance (nett dry 
weight) and analysis. It is to be desired that, by 
a generally admitted stipulation, a uniform tem- 
perature of ICO® C. will be recognised, or in the 
absence of such agreement, that the temperature 
at which humidity has been estimated for delivery 
will be marked on the samples for analyses, thus 
avoiding disputes between the chemists of sellers 
and buyers or arbitrators. — Annales de Chimie 
AnalytiquBj August 15, 1921. 

Sugar Works Ammonia, — The Pithiviers Sugar 
Works (Soc. Sucriere de Pithiviers) intends to 
manufacture ammonia, for which purpose three 
processes have been acquired. The first and 
simplest consists in the recovery of nitrogen from 
beet which passes into the molasses and vinasse. 
Thus pure ammonia, acetic acid, and benzoic alde- 
hyde are produced. Were all the molasses manu- 
factured in France thus treated, 17,000 tons of 
sulphate of ammonia would be obtained .The 
other processes purchased by the company are 
synthetic. One is based upon the fixation of 
atmospheric nitrogen and subsequent decomposi- 
tion of the compounds. The second is an elecric 
synthetic process yet being tested in the labora- 
tory, but in a sufficiently advanced stage to be 
soon applied on an industrial scale. The first 
and second of these processes are shortly to be 
applied in this sugar works — UEngrais^ N ov. 1 5. 

Alsace. — It is estimated that in 1922 the mines 
will produce^ 10,000 metric tons of potassium 
chloride, considerable quantities of which will be 
available for export. — UEngrais, November 15. 

Norway. — The shares of the Notodden Nitrogen 
Co. have risen in consequence of the Oppau catas- 
trophe, a formidable riva Ibeing thus removed. 
The Notodden and Rjnkan Works will now be en- 
, larged and the workmen recently discharged given 
emplovraent. — VEngrais. 

Echo of Coal Stoppage. — The disastrous policy 
of withdrawing the safety men. from the mines 
during the coal stoppage of last Spring is in no 
small degree responsible for the high figure of 
unemployment among the workers of the mining 
industry. This is exemplified in the case of 
Hucknall No. 2 colliery, which has only Just re- 
opened since closing down on March 31 last 
Serious damage to the shaft resulted fom the total 
abandonment of the mine The management 
spared no effort to expedite the repairs necessary 
for re-opening the property, but this has proved 
a long and difficult business. There has be^ conr 
siderable distress among the workers formerly em- 
ployed They have now been given the oppor- 
tunity of signing on to re-start work. 

;£io, 000,000 Saved on Coal Biix.-^The Glas- 
gow Chamber of Commerce, op December 12, in 
adopting a resolution demanding a reduction in 
Scottish railway rates, stated that the railway 
companies’ expenditure bad been decreased by 
£10,000,000 per annum dwing to the reduced price 
of locomotive coaL A reduction in railway rates 
was essenri^U -flofc a revival of industry. 

South African p/fer-Making Project.— A 
company is fp^rmed in Natal to undertake 

the manufacWre of wrapping paper from wattle 
wood and spent bark froin the wattle extract mills. 
States the South African Journal of Industries, 
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A process is reported to have been discovered by 
which excellent wrapping paper can be made from 
these materials. It is proposed to make news 
print from wattle bark combined with tambuki 
grass later on, and also cardboard for the manu- 
facture of fruit and ogg boxes from spent bark. 

Water Power Resources in Scotland — The 
broad results of the Committee’s enquiries are as 
follow^ : They find that xn Scotland, especially 
the Highlands, the natural conditions are such 
as to facilitate the production of power. In this 
area the bulk of the larger water-powers of the 
British Isles is situated, and althouj^ tt is i-e^ote 
from the present industrial centres, pssekh M h . 
IS far from the sea or the Caledonian Canal, "The; 
larger water-powers of Wales are situated in the* 
north-western portion of the Principality. As 
compared with the Scottish water-power resources, 
the cost of developing. ths^ larger of the^Welsh re- 
sources as separate schemes would usually be 
high. While there aie several schemes worthy of 
careful consideration on an individual basis; it 
would be desirable to" consider the development 
of a number of the less favourable as,?tdiunctS to 
other more favourable schehresJ As in the case 
of Scotland, there are numerous sites capable of 
developing small blocks of power. As regards 
EnglaU'd, generally, the main sources of water- 
power are the small falls on rivers. The Com- 
mittee consider, howevef, that the aggregate out- 
put |rom sour^s oowl^d % 4x3^- 

' Ipstallin^ modem 

existing sites, and generally improving the water- 
courses. In Ireland a certain amount of power 
can be developed from high level lakes in the 
mountainous areas, but the main sources of water 
power are to he /ound in the rivers. It is gener- 
ally consid^ed that the utilisation of the w^ater 
powers^ pi United Kingdom would tend to re- 
lieve *tne increasing congestion of our large l 
centres of population, and in the case of the High- 
lands of Scotland would assist materially in im- 
proving the present low standard of comfort of 
the inhabitants of that area, and thus arresting 
the abnormal emigration from it. The potential 
water power of the schemes before the tommittee 
/not the total available) was estimated at 104,065 
kilowatts (continuous) in Scotland, 35,900 kilo- 
watts in Wales, and 20,440 kilowatts in England. 
The Irish Sub-Committee made an estimate of 

280.000 kilowatts (continuous) as the total avail- 
able potential water-power in Ireland It was 
further estimated for Great ^Britain that probably 

210.000 kilowatts (continuous) could be developed 
at an economic rate. This was given as the 
equivalent in, energy of nearly three million tons 
of coal per annum burnt in steam plants . — Board 
of Trade Journal. 

ToKlo Peace EximmoN.— The Department of 
Overseas Trade is in receipt of information re 
garding the forthcoming Peace Exhibition which 
is to be held there from March 10 to July 31, 1922. 
It would appear that all the space available for 
foreign exhibits has been over applied for. 
Messrs,. Arthur Buckqey & Co., of Tokio^ have, 
however, secured a special site for the erection of 
a British Pavilion, and intending exhibitors can 
obtain space therein on application to the London 
qf the firm at 40, Westminster Palace Gar- 
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dens, Victoria Street, S.W. u Rebates of freights- 
on goods for exhibition have been arranged by 
Messrs. Buckney, ranging from 20 to 50 per .cent, 
according to d^te of shipment Intending exhibi- 
tors should lose no time in communicating with 
Messrs. Buckney, who are prepared to arrange all 
details, supply attendant staff at Tokio, and safe- 
guard exhibitors’ interests in every possible w*ay. 
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* A^momum Sulphate.— Psitent No. 170613.-80106 improvements 
in processes for the production of Ammonium Sulphate have been 
invented and Patented by Mr. P Pamsh of The South Metropolitan 
Gas Co., 709, Old Kent Road, London In the production of 
ammonium sulphate by passing into a saturator gases which are 
liable to contain cyanogen compounds, the cyanogen compounds 
are prevented from reachmg the saturator by addmg to the 
ammonical liquor to be distilled a polysulphide, or forming a poly- 
sulphide in the liquor, for instance by adding sulphur or blowing m 
air, so as to fix the cyanogen compounds m the liquor as sulpho- 
cy^ides ; or tne vapour nrom the still may be passed over spent 
oxide on its way to the saturator. > In the oai^ of the'direot ^prooe^ia^ 
dbe asofponical gas is passed through a wash^ containing a poly- 
siulphi^ solution. 


Messrs, Rayner Sc Co., will obtain printed copies of the 
published specifications and will forward on post free fortheofl&cial 
pnee of i/- eascail* * 
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